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ABSTRACT 

This study investigates the impact of groove implementation on the hydraulic 

performance of sharp-edged trapezoidal side weirs, focusing on discharge 

coefficients and shear stress behavior. The simulation processes were carried out 

using the VOF (Volume of fluid) methodology in combination with the RNG 

(Re-normalize group) model for turbulence. The validation with experimental 

data by comparison showed that the relative error in the range of 0.4-2.6%. It 

was found from the results that the discharge coefficient increases in the no-

grooved model and decreases in the grooved model. The identified variation of 

the discharge coefficient range through different Froude numbers lies between 

0.6 and 0.8, where the discharge coefficient of the no-grooved model is larger 

by 2.68% compared to that of the grooved model. The grooved model was more 

effective for lower flow rates, while the no-grooved model was more effective 

for higher flow rates. In all cases, in both models, the discharge coefficient 

increases with the Froude number, with a greater increase observed in the no-

grooved configuration (19.64% higher). The research indicated that grooves 

significantly reduce shear stresses at the crest of the weir, reducing further 

damage to the structure. The variation in shear stress between the two models 

was most evident under high flow conditions, demonstrating the efficiency of 

the grooved model in reducing harmful stresses and energy dissipating. 
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1. INTRODUCTION 

Side weirs are spillway protection mechanisms used 

in a variety of water transportation systems. Commonly, 

these hydraulic structures operate in a regime of variable 

free flow characterized by a downstream reduced 

discharge near a main channel. In applications pertaining 

to side weirs, water is spilled out of the main channel, 

resulting in reduced flow in the reach downstream. The 

present research focuses on exploring changes in the 

geometry that affect hydraulic properties of fluid flow in 

trapezoidal side weir. Research on sharp-edged side weir 

has yielded a set of different results in which scholars have 

also suggested various equations for the respective 

hydraulic parameters. More importantly, De Marchi 

(1934) managed to formulate a relationship to determine 

the value of the water passage coefficient for a unit width 

of side weir.  

𝐶𝑑 =
3𝑞

2√2𝑔 × (ℎ − 𝑝)
3
2

 (1) 

In the above equation, h is the water depth in the main 

channel, P is the height of the side weir, Cd is the discharge 

coefficient of the passing flow, g is the gravitational 

acceleration, and q is the unit discharge per width. Singh 

et al. (1994), through experimental studies on the flow 

discharge coefficient, found that this coefficient depends 

on factors such as the ratio of weir height to upstream flow 

depth and the Froude number. They presented the 

following equation for the flow discharge coefficient: 

𝐶𝑑 = 0.33 − 0.18𝐹𝑟1 + 0.49
𝑝

𝑦1
 (2) 

where 𝑃 is the crest height of the weir, 𝑦1 is the upstream 

water depth, Fr1 is the Froude number, and Cd  is the 

discharge coefficient. 

The hydraulic and geometric properties have been the 

subject of an in-depth study by many scholars for a side 

weir. One of the fundamental works in this area has been 

carried out by Hager (1987), who investigated the flow 

depth, velocity of flow, angle of exit, and structure of the 

http://www.jafmonline.net/
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side weir parameters that play a significant role in 

affecting the process of flow discharge.  

Several factors influence the flow characteristics over 

side weirs: the flow conditions both in the approach flow 

upstream of the main channel and downstream of the side 

weir. The longitudinal profile over a side weir is generally 

divided into three classes by the Froude number, which 

are: subcritical, supercritical, and critical. Durga Rao and 

Pilla (2008) investigated the application of the momentum 

principle to the study of spatially varied flow taking place 

under supercritical conditions and demonstrated thereby 

that the fluctuation in the side weir discharge coefficient 

was a function of the Froude number. Hyung and Sop 

(2010) performed an experimental investigation on the 

influence of the upstream Froude number, the weir 

dimensions (height, length, and width), and principal 

channel width on the flow discharge coefficient in the case 

of broad-crested side weirs located in a wide rectangular 

channel. The results of this study showed that for 

subcritical flow and Froude numbers less than unity, the 

relative height and the relative length of weir are gaining 

importance. 

Aydin and Emiroglu (2013) discretized the governing 

equations using the finite volume approach to investigate 

the discharge coefficient for a flow over a side labyrinth 

weir. Their results showed that variations in crest height, 

weir width, and side slope were in good agreement for 

various supercritical and subcritical flow conditions when 

their results were compared with experimental models as 

well as numerical solutions. Tabrizi et al. (2015) 

conducted an experimental study on the discharge 

coefficient and relevant parameters of trapezoidal side 

weirs that were in different crest lengths, heights, and wall 

slopes. The results obtained from this study showed that 

the discharge coefficient of sharp-crested trapezoidal 

weirs is variable and depends on many factors that have 

been involved in hydraulic conditions of flow in the 

upstream of the weir and flow cross-section passing over 

the weir. The authors synthesized the pre-existing 

equations from the research conducted by Henderson 

(1966) and those proposed by Kumar and pahtak (1987) 

into the following equation for sharp-crested trapezoidal weir: 

𝑑𝑄

𝑑𝑥
= −

14

16
𝐶𝑀√2𝑔(𝑦 − 𝑝)1.5 (3) 

Abdollahi et al. (2017) studied flow passing over the 

side labyrinth weirs using some obstacles. This study 

demonstrated that the maximum discharge in the side 

labyrinth weirs occurs when the obstacles are located 

perpendicular to the flow path and downstream of the 

weir. Seyedjavad et al. (2019) conducted an experimental 

study about the discharge coefficient of trapezoidal piano 

key side weirs, stating that this particular structure acts 

with better performance than its triangular and trapezoidal 

labyrinth counterparts. Furthermore, Jalili Ghazizadeh et 

al. (2021) investigated the characteristics of the water 

surface profile over rectangular side weirs in supercritical 

flow conditions. The authors have proposed a new 

equation to determine the discharge in the main channel 

next to the side weir. Comparing the analyses of the 

proposed equations with various sets of available 

experimental data has shown that these equations can 

predict the water surface profile and flow discharge quite 

accurately. Kalateh et al. (2024a) and Kalateh and 

Aminvash (2023) studied the flow surface profile passing 

a sharp-crested rectangular side weir at various bed slopes 

and found out that for a constant slope, the water surface 

profile increases from inlet to outlet of the weir for 

subcritical flow regime, and it decreases for supercritical 

flow regime. Furthermore, it is mentioned that by 

steepening the bed slope of the main channel, the flow 

surface over the weir decreases. 

Maranzoni et al. (2017) conducted to experimental 

and numerical analysis of side weir flows in a converging 

channel. Results showed that the assumption of constant 

specific energy usually adopted in one-dimensional side 

weir flow modeling is reasonably valid, despite the 

considerable increase in the velocity-head and momentum 

correction coefficients along the side weir. Nistoran et al. 

(2023) has done numerical simulation of flow over a side 

weir for diversion structures and water intake. Results 

showed that the water surface elevation profile along the 

weir crest is computed, together with a qualitative 

comparison between the shape of the simulated flow 

nappe and in-situ visualizations. 

A review of previous studies shows that most studies 

conducted in the field of side weirs have been limited to 

experimental models with rectangular geometry and have 

focused more on the discharge coefficient parameter. 

Therefore, in the present study, in addition to changing the 

geometry of side weir to trapezoidal, the effect of the 

groove on it has also been studied. On the other hand, in 

addition to studying the discharge coefficient, the effect of 

the grooves created on the hydraulic jump efficiency 

downstream of the trapezoidal side weir has been studied 

for the first time. Side weirs are very useful in the 

management of discharge and conveyance; their different 

configurations and various conditions have been the 

subject of numerous studies. Most of these were 

experimental, but with the limited laboratories and high 

costs associated with these, besides advances in numerical 

methods, the simulation of these weirs using CFD 

software has become ever so relevant.  

2. MATERIALS AND METHODS 

In this research, trapezoidal side weirs are 

numerically simulated by using FLOW-3D software, 

version 11.0.4. FLOW-3D is a specialized software 

applied to solve various CFD problems. FLOW-3D 

includes a comprehensive listing of features, including the 

solution of Navier-Stokes equations and the possibility for 

simulation of free-surface flows. The Volume of Fluid 

method discretizes the flow equations. It discretizes the 

differential equations and solves them in the small control 

volume defined throughout the flow field. A great deal of 

interest has been placed on this method since it provides 

solutions that are reasonably accurate and stable for fluid 

problems, including complex and turbulent flows 

(Daneshfaraz & Ghaderi, 2017). 

The general continuity and momentum equations 

used in this study are presented in Equation 4 
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(Daneshfaraz et al., 2020 ; Ghaderi et al., 2020; 

Daneshfaraz et al., 2021a; Aminvash & Roshangar, 2023; 

Aminvash et al., 2024):  

𝜕𝑈𝑖
𝜕𝑡

+
1

𝑉𝐹
[𝑢𝐴𝑥

𝜕𝑢

𝜕𝑥
+ 𝑣𝐴𝑦

𝜕𝑢

𝜕𝑦
+ 𝑤𝐴𝑧

𝜕𝑢

𝜕𝑧
]

− 𝜉
𝐴𝑦𝑣

2

𝑥𝑉𝐹
= 

−
1

𝜌

𝜕𝑃

𝜕𝑥
+ 𝐺𝑥 + 𝑓𝑥 −

𝑅𝑆𝑂𝑅
𝜌𝑉𝐹

(𝑢 − 𝑢𝑤 − 𝛿𝑢𝑠) 

𝜕𝑈𝑖
𝜕𝑡

+
1

𝑉𝐹
[𝑢𝐴𝑥

𝜕𝑢

𝜕𝑥
+ 𝑣𝐴𝑦

𝜕𝑢

𝜕𝑦
+ 𝑤𝐴𝑧

𝜕𝑢

𝜕𝑧
]

+ 𝜉
𝐴𝑦𝑣

2

𝑥𝑉𝐹
= 

−
1

𝜌

𝜕𝑃

𝜕𝑦
+ 𝐺𝑦 + 𝑓𝑦 −

𝑅𝑆𝑂𝑅
𝜌𝑉𝐹

(𝑣 − 𝑣𝑤 − 𝛿𝑣𝑠) 

𝜕𝑈𝑖
𝜕𝑡

+
1

𝑉𝐹
[𝑢𝐴𝑥

𝜕𝑢

𝜕𝑥
+ 𝑣𝐴𝑦

𝜕𝑢

𝜕𝑦
+ 𝑤𝐴𝑧

𝜕𝑢

𝜕𝑧
] = 

−
1

𝜌

𝜕𝑃

𝜕𝑧
+ 𝐺𝑧 + 𝑓𝑧 −

𝑅𝑆𝑂𝑅
𝜌𝑉𝐹

(𝑤 − 𝑤𝑤 − 𝛿𝑤𝑠) 

(4) 

where 𝑢, 𝑣, and 𝑤 are the velocities in the 𝑥, 𝑦, and 𝑧 

directions, respectively; 𝑝 is the kinetic pressure; 𝜌 is the 

density of water; 𝐺𝑥,   𝐺𝑦,  𝐺𝑧  are the volumetric 

accelerations in the 𝑥, 𝑦, and 𝑧 directions, respectively; 

𝑓𝑥,   𝑓𝑦,  𝑓𝑧 the mass accelerations in the 𝑥, 𝑦, and 𝑧 

directions, respectively. 

In FLOW-3D software, for the simulation of flow by 

the VOF method, the software offers several turbulence 

models that one can apply to his model, including but not 

limited to the following. 

1- Large Eddy Simulation (LES)  

2- Two-Equation Model  (k-ε) 

3- RNG Model 

4- Prandtl's Mixing Length Model  

Different models were used in carrying out the 

simulation of flow. In the present study, the RNG 

turbulence model was used because almost all the selected 

models gave proper results, but due to less error in the 

output results, this model is used. Corresponding 

equations that define this method are thus presented. The 

RNG model gives the explicit calculations for Reynolds 

renormalization groups. The statistics approach is a basis 

for the solution in the RNG method. The turbulence 

quantities in the equations-that govern-the RNG 

turbulence simulation, including turbulence kinetic 

energy, k, and turbulence dissipation rate, ε are presented 

below: 

𝜕(𝜌𝑘)

𝜕𝑡
+
𝜕(𝜌𝑘𝑢𝑖)

𝜕𝑥𝑖
=

𝜕

𝜕𝑥𝑗
[(𝜇 +

𝜇𝑡
𝜎𝑘
)
𝜕𝑘

𝜕𝑥𝑗
] + 𝑃𝑘

− 𝜌𝜀 

(5) 

𝜕(𝜌𝜀)

𝜕𝑡
+
𝜕(𝜌𝜀𝑢𝑖)

𝜕𝑥𝑖
=

𝜕

𝜕𝑥𝑗
[(𝜇 +

𝜇𝑡
𝜎𝜀
)
𝜕𝜀

𝜕𝑥𝑗
] + 

𝐶1𝜀
𝜀

𝑘
𝑃𝑘 − 𝐶2𝜀

∗ 𝜌
𝜀

𝑘
 

(6) 

where in the above equations: 

𝐶2𝜀
∗ = 𝐶2𝜀 +

𝐶𝜇𝜂
3(1 −

𝜂
𝜂0)

1 + 𝛽𝜂3
 (7) 

𝑆 = √2𝑆𝑖𝑗𝑆𝑖𝑗 (8) 

𝑆𝑖𝑗 =
1

2
(
𝜕𝑢𝑖
𝜕𝑥𝑗

+
𝜕𝑢𝑗

𝜕𝑥𝑖
) (9) 

2.1 Dimensional Analysis 

Since the discharge coefficient is a function of the 

geometric characteristics of the structure, it depends from 

hydraulic properties of the fluid. The discharge coefficient 

of a side weir can then be expressed as follows, as a 

function of relevant geometric and hydraulic 

characteristics: 

𝐶𝑑
= 𝑓1(𝑦1 , 𝑦2, 𝑉1, 𝑉2, 𝑃, 𝐵, 𝐿, 𝑔, 𝑇, 𝐻, 𝐿

′, 𝑛,𝑚, 𝑍, 𝑆0) 
(10)   

which can be rewritten using Π-Buckingham’s theory: 

𝐶𝑑

= 𝑓2(𝐹𝑟0, 𝑅𝑒,𝑊 𝑒,
𝑦2
𝑦1
,
𝑃

𝑦1
,
𝐵

𝑦1
,
𝑇

𝐿
,
𝐻

𝐿′
, 𝑆0, 𝑛,𝑚, 𝑍) 

(11) 

where 𝐹𝑟0 is the upstream Froude number, 𝑅𝑒 is the 

Reynolds number, 𝑊𝑒 is the Weber number, 𝑃 is the crest 

height of the weir, 
𝑦2

𝑦1
 the downstream to upstream depth 

ratio, 
𝑃

𝑦1
 the ratio of weir height to upstream water depth, 

𝐵

𝑦1
 the ratio of the main channel width to upstream water 

depth, 
𝑇

𝐿
 the ratio of the overflow length to the weir crest 

length, 
𝐻

𝐿′
 the ratio of water height over the weir to the weir 

crest length, 𝑆0 the channel bed slope, 𝑍 is the side slope 

of the weir, 𝑛 is the number of teeth, and 𝑚 is the ratio of 

each groove's dimension to the weir crest length. Figure 

(1) shows the geometric parameters of the side weir.  

 Since more than three centimeters of water depth is 

flowing on the weir and the boundary layer is negligible, 

surface tension and viscosity effects can be ignored 

)Tabrizi et al., 2015). Given that the Reynolds number is 

in the range of 23408 to 121098 and this range represents 

the turbulent regime for the Reynolds number, the 

Reynolds number parameter can be ignored (Ghaderi et 

al., 2020; Daneshfaraz et al., 2021b; Bagherzadeh et al., 

2022). Also, since the length, width, height, and 

longitudinal slope of the main channel, and the number 

and dimensional ratios of the teeth are constant; the 

dependent parameters in terms of function can be 

expressed by the independent parameters according to 

Equation 12. 

 

 

Fig. 1 Schematic of Geometric Parameters 
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Table 1 Comparison of Experimental and Numerical Data 
𝑷

𝒚𝟏
 Experimental date (Tabrizi et al., 2015) Numerical date MAE RMSE 2R 

0.681 0.780 0.808 0.014 0.019 0.993 

0.694 0.795 0.825 0.015 0.021 0.988 

0.712 0.790 0.810 0.009 0.014 0.991 

0.739 0.793 0.828 0.175 0.024 0.990 

0.743 0.763 0.794 0.015 0.021 0.991 

0.759 0.780 0.787 0.003 0.004 0.994 

0.778 0.751 0.785 0.017 0.024 0.990 

0.791 0.786 0.767 0.009 0.134 0.978 

0.810 0.768 0.806 0.019 0.026 0.981 

0.825 0.805 0.840 0.017 0.024 0.988 

0.841 0.800 0.841 0.021 0.028 0.985 

 

 

Fig. 2 Comparison Chart of the Discharge Coefficient in the Experimental Model and Numerical Simulation 

 

𝐶𝑑 = 𝑓3(𝐹𝑟0,
𝑃

𝑦1
,
𝑇

𝐿
) (12) 

The validation conducted and the results obtained, as 

represented in Table 1 and Fig. 2 below, serve to compare 

the values of discharge coefficient obtained from the 

experimental data of Tabrizi et al. (2015) and those of the 

numerical data. From this comparison, the values of MAE 

and RMSE were found to be 0.0287 and 0.0311 percent, 

respectively. These results therefore show low error and 

acceptable agreement between the values obtained 

numerically and experimentally. By performing a 

validation on the data of Tabrizi et al. (2015) and based on 

the results presented in Table 1, it can be seen that based 

on evaluation parameters 1, 2, and 3, the numerical data 

have a very good agreement with the laboratory data. This 

is while the numerical data has simulated the laboratory 

data with a ratio of 0.4% to 2.6%, which are very good 

results. 

2.3 Numerical Simulation 

In this research, trapezoidal side weirs are 

numerically simulated by using FLOW-3D software. In 

this simulation, a 270 cm length, 30 cm wide and 60 cm 

height of main channel was considered. It contains a 

trapezoidal weir in this channel, which has a 30 cm long 

crest and a height of 20 cm. The side slope will be 1 

Besides, there are 5 teeth in the weir's edge, and each of 

them has a ratio in dimension to weir's crest of 0.1. Based 

on the trial and error conducted for the simulation 

duration, in the present study, to achieve steady flow 

conditions and stabilize the flow, the total simulation 

duration (Finish time) was considered to be 50 seconds 

with a simulation time step of 0.01 seconds.  

Choosing an appropriate mesh with precision will 

increase the precision and improve the predictive 

capability of the simulation results. Therefore, to choose 

the optimal and exact mesh, various meshes shall be 

investigated and one should be chosen out based on 

obtained results. According to the results from Table 2, 

number 3 mesh was used in the simulation due to the 

lowest error among other models. Also, about the 

turbulence models mentioned in Table 4, the RNG model 

showed the best performance and minimum error 

compared with other turbulence models; thus, the RNG 

model has been used in this simulation. It is proper to 

mention that the other turbulence models gave quite 

reasonable results, too, with error margins that were 

acceptable. The process of performing simulations is 

shown in the flowchart presented in Fig. 3. 

To be independent of the mesh, three cell sizes have 

been used for meshing. In general, two mesh blocks are 

considered for the solution domain, one for the main 

channel and the other for the side channel (Table 3). Based 

on the sensitivity analysis conducted for meshing, a model 

with a cell size of 1.0 cm for mesh block 1 and 0.5 cm for  
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Fig. 3 Flowchart of numerical simulation of present research 

 

Table 2 Evaluation of Error in Different Meshes 

RMSE MAE 𝐸 = |
𝐶𝑑𝐸 − 𝐶𝑑𝑁

𝐶𝑑𝐸
| × 100 Number of Meshes Model 

0.121 0.084 22.071 106440 Model 1 

0.084 0.059 15.579 360750 Model 2 

0.031 0.028 3.891 2886000 Model 3 
 

Table 3 Meshing sensitivity analysis on energy dissipation parameter 

MAE Number of Meshes 
Size of cells (cm) 

Model 
Mesh block 2 Mesh block 1 

0.084 106440 0.75 1.5 Model 1 

0.059 360750 0.6 1.2 Model 2 

0.028 2886000 0.5 1.0 Model 3 
 

Table 4 Evaluation of Error in Different Turbulence Models 

NSE 2R RMSE MAE Number of Meshes Turbulence Model 

0.960 0.986 0.038 0.087 2886000 (𝑘 − 𝜔) 
0.977 0.984 0.028 0.037 2886000 (𝑘 − 𝜀) 

0.993 0.992 0.031 0.028 2886000 RNG 
 

mesh block 2 with a total number of 2886,000 cells was 

selected for simulation. 

The reason for using this turbulence model is its 

ability to simulate a flow with a large computational mesh, 

good performance in simulating flow separation, superior 

results with sudden strain and curvature, as well as success 

in previous numerical studies (Simsek et al., 2016; 

Ghaderi et al., 2020; Kalateh et al., 2024b; Kalateh & 

Aminvash, 2025). 

Figure 4 shows the view of the sharp-crested 

trapezoidal side weir with and without grooves, and Fig. 5 

presents the boundary conditions applied in the numerical 

simulation. Based on Fig. 5, the boundary conditions 

presented can be summarized in Table 5. 

The fluid used in the present study is water, which is 

an incompressible fluid. Mass flux of material with 

density ρ (mass per unit volume) is: 

𝐽𝑝 = 𝜌𝑣 (13) 

Using either the Eulerian or the Lagrangian time 

derivatives, mass conservation becomes: 

𝜕𝜌

𝜕𝑡
+ 𝛻𝜌. 𝑣 = 0 (14) 

In an incompressible fluid, particles have constant 

density, and so in the particle frame of reference, the 

Lagrangian observer does not see any density variation 

and Dρ/Dt = 0. In this case, mass conservation takes the 

simple form ∇ ⋅ v = 0, which is commonly called 

the continuity equation. 

https://www.sciencedirect.com/topics/physics-and-astronomy/incompressible-fluid
https://www.sciencedirect.com/topics/physics-and-astronomy/continuity-equation
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Table 5 Boundary conditions 

 
X direction Y direction Z direction 

X min X max Y min Y max Z min Z max 

Mesh block 1 VFR 
Outflow 

Wall Sym. 

Mesh block 2 Sym. Wall Sym. Sym. 
 

 
no-grooved Grooved 

Fig. 4 Comparison of grooved and no-grooved models 

 

 

Fig. 5 Boundary Conditions 

 

3.  RESULTS AND DISCUSSIONS 

In this paper, the variation of Cd with the increasing 

Froude number is investigated for the two trapezoidal side 

weir models without and with grooves. 

The results provide evidence that the coefficient Cd 

generally increased in the trapezoidal side weir model with 

a sharp-crested inlet in view of the rise in the Froude 

number, as depicted by the upward trend in the graph. This 

particular trend has been pretty well demonstrated in the 

model without grooves. Previous experimental 

investigations have demonstrated that the coefficient Cd 

increases with the rise in the Froude number in trapezoidal 

sharp-crested side weirs. In the model without grooves, 

with the increase in the Froude number, the discharge 

coefficient increases 25.92% between minimum and 

maximum discharges. This is because of the increase of 

energy and hence flow velocity in the no-grooved model 

for higher discharges, which increases the flow separation 

area. 

Whereas in the grooved model, the coefficient Cd 

generally shows a trend of decrease with increased Froude 

number. In this model, the groove came to form obstacles 

to the flow path, causing a reduction in flow separation 

area and, as such, reducing the discharge coefficient. For 

the grooved model, with increased Froude numbers for 

maximum and minimum discharges, the coefficient Cd 

was reduced by 22.98%. Generally, the discharge 

coefficient tends to decrease with more numbers of 

grooves, and this reduction in discharge coefficient 

therefore infers that Grooves perform better in the 

dissipation process and regulating the flow. Figure 6 

shows the comparison of discharge coefficients for 

different Froude numbers for the grooved and no-grooved 

models. 

By comparing the two curves, one can clearly find  

out the discharge coefficient is 22.22% higher in the no- 
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Fig. 6 Comparison and impact of weir geometry on 

discharge coefficient 

 

grooved model as compared to the grooved model. The 

results also showed that the grooved model gives better 

performance in terms of lower Froude numbers whereby 

the energy and the velocity of flow could be dissipated, 

whereas the no-grooved model gives better performance 

at higher Froude numbers where a higher quantity of 

passing discharge could be provided. In the no-grooved 

model from Fig. 6(a), the discharge coefficient is observed 

to increase when the height of the weir increases and also 

to an increase in diversion flow. This is due to enlargement 

of the flow separation area caused by the geometry of the 

no-grooved model. In the case of the no-grooved models, 

the flow passes over the weir directly without any 

obstacle. It gives rise to flow separation zones at several 

points of the weir, which is responsible for enhancing the 

value of the discharge coefficient. 

In the grooved model, however, it can be seen from 

Fig. 6(b) that the flow separation area has been reduced 

due to the grooves. The grooves protrude into the path of 

flow and create turbulence and a deflection of flow that 

reduces the separation area. This has caused the separation 

area to be reduced, which consequently reduces energy 

loss and discharge coefficient. In other words, grooves 

reduce the discharge coefficient by reducing flow 

separation and enhancing flow distribution. 

These differences in the performance between models 

with and without grooves indicate that geometrical 

configuration and design may cause significant effects in 

the hydraulic performance of a weir. These may lead to an 

increase in passing flow, increase in flow energy, and 

velocity downstream of the weir in no-grooved models. 

Downstream, this may result in serious risks and damages. 

On the contrary, grooved models contribute to an increase  

 

Fig. 7 Examination of the Froude number passing 

over the weir 

 

in the safety and stability of hydraulic structures by way 

of better flow control and reduction of the discharge 

coefficient. 

Figure 8 presents the passing Froude number over the 

weir, Fr1, against the initial one, Fr0. For both the grooved 

and no-grooved weir models, the general increasing trend 

of the Froude number over the weir with increasing the 

Froude number is observed. This could be interpreted by 

the increase in kinetic energy for the incoming flow which 

surely increases the passing energy over the weir. The 

calculated Froude number over the weir in the no-grooved 

model is 19.64% higher than in the grooved model. In the 

case of groove structures, the energy of flow dissipates 

more, and thus this could be considered as a fact for giving 

a reason for the higher value of Froude number in the case 

of the no-grooved model. This is because the increased 

passing Froude number relates directly to increased flow 

velocity and energy that may cause considerable damage 

and deterioration downstream of the side channel. In other 

words, flow with high kinetic energy downstream can 

damage the existing structure or even affect natural 

formations. 

In the grooved model, energy dissipaters are the teeth. 

Teeth create turbulence in the flow path and give it 

deflection, which reduces the velocity of water and, hence, 

its energy. Consequently, the flow exiting over the weir 

enters the downstream with less energy, and severe 

damage downstream of the side channel does not take 

place. This could be an important feature of the grooved 

model under conditions of high discharge and energy 

flows, considering that they help in maintaining and 

stabilizing hydraulic structures. Similarly, recent research 

on trapezoidal-triangular labyrinth weirs (TTLWs) using 

soft computing techniques such as ANN and SVM also 

highlights the importance of geometrical configurations in 

energy dissipation performance. In that study, factors like 

relative critical depth and sidewall angle were found to 

play significant roles in reducing energy through flow 

interaction and turbulence generation (Mirkhorli et al., 

2025). 

Figure 8 gives the shear stress variation along the weir 

crest. Shear stress is amongst the main parameters 

concerning the stability and performance analyses of 

weirs. High shear stresses cause erosion and eventually 

damage hydraulic structures. The results show that the  
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Fig. 8 Examination of shear stress on the weir 

 

 

Fig. 9 Free surface profile in the two models: 

grooved and no-grooved 

 

effects of grooves on shear stress along the weir crest can 

be well felt. The grooves on the weir crest decrease the 

shear stress significantly. This can be explained by the 

variation in flow pattern and the decrement in flow 

velocity within the vicinity of the weir crest. In the same 

way, the greater the discharge, the larger the difference in 

shear stresses between no-grooved and grooved models. 

This clearly shows that at high discharges, the shear 

stresses become much larger in the no-grooved model 

compared to the grooved model, while better 

performances of grooved models in energy dissipation 

reduce the destructive stresses. The reason why the shear 

stress is reduced by creating grooves on the edges of the 

trapezoidal side weir can be attributed to the effects of 

boundary layers. However, the reduction in shear stress in 

the case of grooves can also be attributed to the 

redistribution of turbulence. 

Figure 9 shows the free surface profile of the flow 

passing via the channel and the side weir for both grooved 

and no-grooved models. The depth of the free surface 

profile decreases with the passage of the flow over the 

weir, then increases again. This trend is due to the 

variation in the flow velocity and energy with its passage 

over the weir. In both the models, due to the discharge of 

part flow through the weir, the depth of water decreases in 

the upstream channel. This stems from the fact that the 

flow overspills through the weir and thereafter drops the 

upstream water level. Further downstream, it again 

increases due to pressure recovery with an increase in the 

velocity of flow. 

 

 

Fig. 10 Variation of Cd versus upstream Froude 

number 

 

It is also seen that, in general, the flow depth is less 

compared to the grooved model. All this difference in flow 

depth is mainly because, in the grooved model, grooves 

dissipate some of the energy of flow and it results in an 

increase in flow depth, while in the no-grooved model due 

to the absence of these obstacles, the flow velocity 

increases and causes a subsequent fall in its depth. 

Figure 10 shows the changes in the flow rate 

coefficient against the upstream Froude number. It can be 

inferred from this figure that at low flow rates, the flow 

rate coefficient in the non-groove model has increased by 

a maximum of 22.28% compared to the grooved model. 

This is while at high flow rates these changes have 

decreased. 

Figure 11: Streamlines for different discharges. 

Figure 11(a) depicts the streamline of the no-grooved 

model, and Fig. 11(b) represents the grooved model. 

These figures demonstrate that in case of low discharges 

of Q ≤ 220, higher flow may be passed by the grooved 

model compared with the no-grooved model. Again, from 

this grooved model, more turbulence and oscillation in 

streamlines have been observed than in the no-grooved 

model. These reveal that the grooves make the flow more 

turbulent. Considering the streamlines in more detail, it 

could be inferred that the grooved model performs better 

in guiding the flow and diverting it towards the weir 

compared to the model without grooves. This aspect, if 

taken into consideration, may contribute towards 

designing hydraulic structures since good flow guidance 

towards the weir prevents undesirable pressures and actual 

damage to the structure. 

It can be observed from Figs 9 and 10 the conditions 

of flow downstream of the main channel. These figures 

depict that the variations in depth downstream are less in 

the case of a no-grooved model than in the grooved model. 

This could be because in the no-grooved model, the 

turbulence and energy of flow are minimal, which in turn 

would make the flow depth downstream gain more 

stability. Generally speaking, a comparison of the two 

models may indicate that the grooved model may be more 

effective for specific conditions such as low discharges 

and where there is a need to divert flow toward the weir. 

Increased turbulence, directed flow could well allow this 

model to find suitability for certain hydraulic applications. 

By contrast, the no-grooved model perhaps would run  
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Fig. 11 Streamlines in the (a) Grooved Model, and (b) no-Grooved Model 

 

better for those cases in which stability and a smaller 

fluctuation in depth are considered important, since it 

causes fewer changes in the downstream flow depth. 

This research numerically investigates the hydraulic 

performance of side weirs, presenting vertical grooves, 

under supercritical flow conditions. The characteristics of 

flow were analyzed in terms of discharge coefficient, 

Froude number passing over the weir, shear stress, and 

flow surface profile along the side weir. This section will 

discuss the major results derived from this research work. 

Numerical data are now validated with experimental 

results, and the error values for MAE and RMSE indices 

are computed as 2.8% and 3.1%, respectively. Both these 

error values lie within an acceptable range and reflect 

upon the validity of the numerical models used in the 

present study. This agreement qualifies that the numerical 

modeling in this research is good enough to simulate real 

flow conditions and analyze various hydraulic parameters. 

The present work considered the influence of vertical 

grooves on hydraulic performance in side weirs operating 

under supercritical flow. Among the key results obtained 

was the reduction of the discharge coefficient in the 

grooved model, in respect to that without grooves. In fact, 

the discharge coefficient in the grooved model reduced by 

approximately 2.68% with respect to the discharge in the 

no-grooved model. This is due to the increased resistance 

and reduced flow velocity provided by the grooves on the 

weir that help in limiting the passing flow. 

Furthermore, regarding the energy dissipation 

represented by the Froude number passing over the weir, 

it was found to be higher for the grooved model. 

Concretely, the Froude number passing over the weir for 

the no-grooved model was higher by 19.64% than that of 

grooved model; thus, showing that grooves are effective 

in reducing kinetic energy and, correspondingly, shear 

stress. The reduction of shear stress at the weir crest could 

contribute to less erosion and damage of hydraulic 

structures and, thus increase the service life of weirs. 

In general, this paper demonstrated that vertical 

grooved side weirs could potentially offer a very efficient 

performance under operational and hydraulic conditions, 

which involve high flow energy reduction with the 

perspective of destructive stresses. The grooved model 

develops higher performance at low discharges, while the 

no-grooved model is maybe better for higher discharges 

owing to its higher discharge coefficient. The present 

study has a series of limitations that can be addressed and 

presented in future research. One of the most important of 

these limitations is the lack of air entry at the beginning of 

the simulation, which can be addressed by considering air 

entry with different aeration coefficients. Another 

limitation is that sediment transport has also been 

neglected. 

4. CONCLUSION 

This study investigates the impact of groove 

implementation on the hydraulic performance of sharp-

edged trapezoidal side weirs, focusing on discharge 

coefficients and shear stress behavior.  The most important 

results obtained from the present study can be listed as 

follows. 

✓ The calculated Froude number over the weir in the 

no-grooved model is 19.64% higher than in the 

grooved model. 

✓ In this model, the groove came to form obstacles to 

the flow path, causing a reduction in flow 

separation area and, as such, reducing the discharge 

coefficient. For the grooved model, with increased 

Froude numbers for maximum and minimum 

discharges, the coefficient Cd was reduced by 

22.98%. 

  

  

  

  

  

 

Fr0=1.59 

Fr0=1.81 

Fr0=2.81 

(a) (b) 
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✓ The present study has a series of limitations that can 

be addressed and presented in future research. One 

of the most important of these limitations is the lack 

of air entry at the beginning of the simulation, 

which can be addressed by considering air entry 

with different aeration coefficients. Another 

limitation is that sediment transport has also been 

neglected. 

✓ By comparing the two curves, one can clearly find 

out the discharge coefficient is 22.22% higher in 

the no-grooved model as compared to the grooved 

model. 

✓ Grooved side weirs are recommended for low-flow 

conditions and when long-term durability is 

prioritized due to their lower shear stress 

characteristics. 

✓ Comparing the data of the present study with the 

study of Tabrizi et al. (2015) showed that the 

numerical and laboratory data had a minimum and 

maximum error of 0.4 and 2.6%, respectively. 
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