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ABSTRACT 
Hydrofoil weirs have attracted the attention of researchers in recent 

years due to their favorable hydraulic performance. This study 

presents a comprehensive numerical investigation of the performance 

of three Hydrofoil weirs models with varying heights (4.5, 5.25, and 

6.0 cm) under free-flow conditions. Computational fluid dynamics 

(CFD) simulations were performed with the RNG k-ε turbulence 

model to analyze the flow pattern, pressure distribution, and turbulent 

kinetic energy (TKE), and discharge coefficient. A detailed mesh 

sensitivity analysis yielded an optimized computational mesh, 

ensuring the numerical accuracy of the model. The results show that 

the maximum water surface profile in the numerical and experimental 

models is approximately close to 1 and in the N24 model it is equal to 

0.99 and also the maximum u/umax and Z/Zmax in all three cases is1. 

Also, the maximum relative pressure P/γh is approximately 0.75. The 

3D simulation shows that with increasing velocity in the x direction, 

the turbulence energy increases from 0 to 0.020. Also, the flow depth 

increases from 0.031 to 0.143. The pressure near the crest is reduced 

and recovered in the downstream section, while the turbulent kinetic 

energy in the outflow jet is significantly reduced. Notably, no flow 

separation occurred upstream or downstream of the structure, which 

helps to improve the energy dissipation efficiency. The discharge 

coefficient increased with the flow rate, which can be attributed to a 

decrease in the water level over the crest. The comparative analysis 

confirms that hydrofoil weirs can effectively reduce negative 

pressure, improve flow regulation, and be considered as a 

hydraulically efficient alternative to conventional weir designs. 
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1. Introduction  
Weirs are flow control structures that are used in different 

shapes and with different functions for purposes such as 

increasing the depth of the upstream flow, measuring the flow 

rate, diverting or releasing excess water from canals and dam 

lakes. There are various types of these structures, and the 

selected spillway should be in the best possible harmony with 

the existing conditions of the relevant project to meet all the 

design goals [1]. Weirs are classified in various aspects. One of 

the most important aspects in the classification of weirs is the 

geometry of the weir crest. Accordingly, weirs are classified 

into three groups: sharp-edged, narrow-edged, and wide-edged 

weirs [2], [3]. A key research focus in weir studies is evaluating 

how crest geometry affects the hydraulic efficiency of 

spillways. 
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Recent studies have shown that 

considering the hydrofoil shape as crest of 

spillways has very good performance in 

various hydraulic conditions. They can also 

be equipped with gates, allowing suspended 

loads to pass over the crest without issues 

[4]. Hydrofoil and circular crested weirs are 

also named as streamlined weirs since they 

are aligned with streamlines of approached 

flow [5], [6]. These weirs have been 

evaluated both experimentally and 

theoretically under various hydraulic 

condition such as free and submerged flow 

condition. Notably, their discharge 

coefficient (Cd) increases with the 

increasing of upstream flow head [7]. Also, 

in study the flow characteristics over 

hydrofoil weirs, the results demonstrated 

that hydrofoil weirs have flow 

characteristics similar to ogee weirs [8]. A 

laboratory study of the flow characteristics 

around Joukowsky hydrofoil weirs for free 

and submerged flow shows that a hydrofoil 

weir with appropriate curvature and angle 

not only increases the upstream water 

height and depth compared to circular 

weirs, but also leads to the lowest negative 

pressure values, so reducing the cavitation 

on the weir body [9]. 

Furthermore, the results of an 

experimental study showed that increasing 

the flow rate coefficient, eliminating the 

risk of cavitation, facilitating the passage of 

sediments and suspended objects over the 

weir, and reducing construction costs are 

among the advantages of the quarter-

circular crown weirs [10].This weir also has 

better hydraulic performance compared to 

the circular crown weir [11]. 

The hydraulic performance of stepped 

weirs with hydrofoil crests has also been 

investigated in a laboratory study to study 

the aeration point and discharge coefficient. 

The results show that increasing the 

roughness and Froude number (F) and flow 

rate reduces turbulence and friction 

coefficient. In addition, increasing the flow 

depth to weir height ratio (yup/P) increases 

the discharge coefficient [12]. 
In order to measure and control the flow, 

the mechanism and hydraulic characteristics 

of the airfoil weir-slot structure in a 

rectangular channel were studied 

numerically and experimentally. The results 

show that the Froude number is less than 

0.4 in all experimental conditions. The 

critical immersion range is between 0.7 and 

0.95. And the flow head decreases with 

increasing orifice height [13]. 
In a study to numerically simulate the 

flow characteristics in vertical weirs using 

the VOF method, parameters such as 

pressure distribution, velocity distribution, 

and water level profiles were compared 

with experimental data and it was found that 

the numerical and experimental results were 

in good agreement. Therefore, the 

numerical model provides a good 

alternative to traditional experimental 

methods in studying weir problems [14]. 

Experimental investigation of Hydrofoil 

weirs presents several challenges. Their 

complex crest geometry (derived from 

NASA airfoil profiles), relatively high 

construction costs, and stringent accuracy 

requirements, coupled with laboratory 

limitations such as channel preparation and 

the need for precise instrumentation to 

measure flow characteristics at various 

locations, make physical modeling difficult 

[15]. 

Numerical simulation of the effect of 

downstream material on scouring-sediment 

profile of combined spillway-gate shows 

that in submerged conditions, the changes in 

scouring for different particle sizes were 

minor. Also, in submerged flow conditions, 

increasing the particle diameter resulted in a 

decrease in sediment deposition in the post-

scouring area [22]. 

Also, in another study Numerical 

simulations were performed for rectangular 

gabion weirs and the RNG turbulence 

model shows the highest accuracy 

compared to the k-e, k-o, and LES models 

[23]. 

Using support vector machine (SVM), 

artificial neural network (ANN), gene 

expression programming (GEP), multiple 

adaptive regression splines (MARS), M5, 
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and random forest (RF) models, the relative 

energy dissipation (ΔEAB/EA) was studied. 

Experimental findings show that ΔEAB/EA 

exceeds the value observed in a classical 

hydraulic jump with a narrow cross section. 

In the SVM model, the linear kernel 

emerges as the best predictor of ΔEAB/EA, 

outperforming the polynomial, radial basis 

function (RBF), and sigmoid kernels [24]. 
The effect of different soil grain sizes 

downstream on the scour profile of 

combined spillway-sluice structures was 

numerically simulated with Flow3D 

Numerical model. In free-flow conditions, 

the greatest sediment deposition occurred 

with the smallest particle diameter [25]. 
Consequently, numerical research offers 

a more time- and cost-effective approach 

for researchers. While numerous laboratory 

studies have been conducted in this field, 

the inherent disadvantages of experimental 

methods justify the increased necessity for 

numerical investigations, which is the focus 

of this study. 

 

1.1. Novelty and Contribution 
The aim and novelty of this study is to 

introduce a hydrofoil weir simulation 

method. By introducing a numerical method 

and simulating the flow characteristics over 

this spillway, parameters that cannot be 

measured in the laboratory, such as 

turbulence sensitivity and turbulence kinetic 

energy, can be obtained in different states. 

Also, velocity and pressure distributions in 

laboratory studies may contain errors. One 

innovative method of reducing errors in 

calculations is the use of accurate numerical 

equations and methods and fast 

calculations. On the other hand, the lack of 

facilities in laboratories has led to the 

introduction of new numerical methods that 

can simulate laboratory results and data 

well. Another aim is to compare laboratory 

results with numerical results and introduce 

simulation software and methods. 
 

2. Materials and Methods 

2.1. Introduction of Hydrofoil weirs 
Hydrofoil weirs, also known as streamlined 

weirs, feature an airfoil-shaped cross-

section. This design, inspired by 

aerodynamic airfoils, allows for efficient 

flow guidance. These weirs have arc-shaped 

surfaces and are designed to control and 

direct water flows, especially in cases where 

there is a need to control the energy of the 

flow and reduce its destructive effects [16]. 

The streamlined cross-section of hydrofoil 

weirs provides several hydraulic 

advantages. Notably, they exhibit a high 

discharge coefficient. Hydrofoil weirs 

produce less turbulence, have higher 

submergence limits and stability, and enable 

a smooth transition from subcritical to 

supercritical flow [17]. 

To investigate the effect of the shape and 

height of the Hydrofoil weirs, three spillway 

models with the same plan and different 

heights (P) of 4.50, 5.25, and 6 cm were 

constructed. The spillway length (LW) is 50 

cm and its width is 35 cm. The 

specifications of the models and their 

dimensions are presented in Table 1. Also, 

Figure 1 shows an example of the Hydrofoil 

weirs models. 

 

 
Figure 1. Hydrofoil weirs model with geometric and hydraulic parameters 
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Table 1. Geometric and flow characteristics of the weir in present study 

(m)0h /s)3Q(m b(m) a(m) P(m) Lw(m) W(m) Model 
0.138 0.016 0.35 0.15 0.0450 0.50 0.35 N18 
0.151 0.016 0.35 0.15 0.0525 0.50 0.35 N21 
0.153 0.016 0.35 0.15 0.060 0.50 0.35 N24 

 
In the figure above, W is the width of the 

channel or spillway, a and b are the 

upstream and downstream lengths of the 

spillway from the crest, Q is the flow rate, 

h0 is the depth of the inflow and h is the 

depth of the upstream flow. In the scenarios 

of the present study, the first step involves 

verifying the numerical investigations of 

water surface profile with the experimental 

results conducted by [18]. In the next step, 

after ensuring that the numerical results of 

the present study match with experimental 

investigations, hydraulic characteristics of 

the flow in this spillway are investigated. 

 

2.2. Basic of CFD 
Based on preliminary simulations and 

literature review [19], the RNG k-ε 

turbulence model was selected for this study 

as it provides accurate results compared to 

experimental data. Therefore, the k-ε 

turbulence model (RNG) has been used to 

solve the turbulence in the modeling of the 

flow through the spillway that is based on 

Reynolds equations, which consists a 

statistical method to solving equations for 

hydrodynamic quantities such as the 

turbulent kinetic energy k and its turbulent 

dissipation rate ε. [20,21]. 

 

(1) 

𝜕(𝜌𝑘)

𝜕𝑡
+

𝜕(𝜌𝑘𝑢𝑖)

𝜕𝑥𝑖
=

𝜕

𝜕𝑥𝑗
[(𝜇 +

𝜇𝑡

𝜎𝑘
)
𝜕𝑘

𝜕𝑥𝑗
] +

𝑃𝑘 − 𝜌𝜀  

(2) 

𝜕(𝜌𝜀)

𝜕𝑡
+

𝜕(𝜌𝜀𝑢𝑖)

𝜕𝑥𝑖
=

𝜕

𝜕𝑥𝑗
[(𝜇 +

𝜇𝑡

𝜎𝜀
)
𝜕𝜀

𝜕𝑥𝑗
] +

𝐶1𝜀
𝜀

𝑘
𝑃𝑘 − 𝐶2𝜀

∗ 𝜌
𝜀2

𝑘
  

 

which in the above equations: 

(3) 𝐶2𝜀
∗ = 𝐶2𝜀 +

𝐶𝜇𝜂
3(1−

𝜂

𝜂0
)

1+𝛽𝜂3
  

(4) 𝜂 =
𝑆𝑘

𝜀
  

(5) 𝑆 = √2𝑆𝑖𝑗𝑆𝑖𝑗  
(6) 𝑆𝑖𝑗 =

1

2
(
𝜕𝑢𝑖

𝜕𝑥𝑗
+

𝜕𝑢𝑗

𝜕𝑥𝑖
)  

The coefficients in the RNG model are as 

shown in Table (2). According to 

Numerical simulation µ, S, Sij C1E and C2E  

are Constants of the k-e turbulence model 

(RNG) related to the  Flow3D software. 

 

3. Results and Discussion 

3.1. Mesh Sensitivity Analysis 
This section presents a mesh sensitivity 

analysis to determine the optimal grid size, 

ensuring that solution accuracy is 

independent of further mesh refinement. To 

assess grid sensitivity, two mesh blocks 

with different resolutions were employed in 

the rectangular channel and spillway 

domains. A finer nested mesh was applied 

to the spillway and downstream regions. 

The cell size ratio (r) between the coarse 

and fine mesh blocks ranged from 1.25 to 

1.40. Following the recommendation of [7], 

a ratio of 1.3–1.5 typically yields acceptable 

results. The N-18 Hydrofoil weirs model 

was simulated with four different mesh 

sizes. The accuracy of each simulation was 

assessed by comparing the dimensionless 

flow depth (y/h₀) with experimental data 

from [18], leading to the selection of an 

optimal mesh configuration. Table 3 shows 

the specifications of the four mesh sizes 

selected for the mesh sensitivity analysis. 

 

 

Table 2. Constants of the k-ε (RNG) turbulence model presented by [20] 

𝜷 𝜼𝟎 𝝈𝜺 𝝈𝒌 𝑪𝟐𝜺 𝑪𝟏𝜺 𝑪𝝁 
0.012 4.38 0.719 0.719 1.68 1.42 0.0845 
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Table 3. Specifications of the four mesh configurations considered for the mesh sensitivity 

Mode 

Finer 

mesh size 

(m) 

Coarse 

 mesh size 

(m) 

Coarse to fine 

mesh ratio 

Mesh 

count 

Mesh 

type 

Computational  

time (hr) 

First 0.008 0.01 1.25 389924 Large 2 
Second 0.007 0.009 1.28 555292 Medium 3 

Third 0.006 0.008 1.33 820820 Fine 4 

Fourth 0.005 0.007 1.4 1323256 Very 

Fine 7 

 

Equation (7) was used to determine the 

range of error percentage between the data 

obtained from the FLOW-3D software and 

the laboratory data. 

 

(7)  𝑀𝐴𝑃𝐸 =
1

𝑁
∑ |

𝑀(𝐸𝑋𝑃)−𝑀(𝑁𝑈𝑀)

𝑀(𝐸𝑋𝑃)
× 100|𝑁

𝑖=1    

 

In the above equation, MAPE is the 

average absolute error percentage, (M) EXP 

is the flow data received from the 

experimental results, and (M) NUM is the 

hydraulic parameter received from the 

numerical investigation. Figure 2 shows a 

comparison of the percentage error obtained 

from the software results and the numerical 

results. According to the results of the mesh 

sensitivity analysis, it is observed that the 

accuracy of the software is highly 

dependent on the mesh size, so that with an 

increase in the number of meshes or in other 

words, the mesh size becomes smaller, the 

accuracy of the software increases. It is 

noteworthy that solution accuracy is mesh-

dependent up to a point. Beyond the optimal 

mesh size, further refinement yields 

negligible reduction in error at a 

disproportionately high computational cost. 

When the number of meshes is greater than 

820820, the accuracy of the software does 

not change noticeably. The difference in 

error obtained for the third mode (fine 

mesh) and the fourth mode (finer mesh) for 

the dimensionless parameter y/h0 (upstream 

flow depth) is less than and 0.45%, 

respectively, but the number of meshes in 

the fourth mode is approximately 60% and 

the computational time is 75% more than in 

the third mode, so the mesh cell size of the 

third mode (fine mesh) was selected as the 

optimal mesh size in the modeling of 

Hydrofoil weirs. As a result, the meshing of 

the solution domain consisting of a mesh 

block with a size of 0.008 m and a finer 

mesh block in a larger mesh block with a 

size of 0.00856 m was selected as the 

optimal and final mesh size. Table 3 

presents the MAPE error values for each of 

the different mesh size modes for the 

dimensionless parameter upstream flow 

depth at a discharge of 0.016 m3/s for the 

N18 Hydrofoil weirs model. The pressure 

and velocity distribution were also 

performed for the same model only 

numerically and experimentally. The 

significant reduction in the error between 

the numerical and experimental values with 

increasing the computational domain mesh 

until reaching the optimal mesh is clearly 

evident in this table. The final solution 

mesh for the hydrofoil channel and spillway 

of the present study is presented in Figure 3. 

To avoid the influence of the number and 

size of meshes on the results of the models 

of the present study, the specifications of 

this section were considered the same for all 

models. 

Table 4 shows the error values received 

from the numerical and experimental 

investigations. According to the error values 

obtained from the results, it is observed that 

the average absolute mean error (MAPE) 

obtained is 8.39%. Considering the low 

percentage of error between the numerical 

and experimental results, it can be 

concluded that there is a good agreement 

between the numerical and experimental 

results. 
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Figure 2. Results of mesh sensitivity analysis for y/h0 at a flow rate of 0.016 m3/s 

 
Table 4. Error values obtained from the computational domain mesh sensitivity analysis 

Mesh mode Mesh count Numerical values Experimental values MAPE (%) 
Large 389924 0.568 0.668 15.03 

Medium 555292 0.588 0.668 11.97 
Fine 820820 0.612 0.668 8.39 

Very Fine 1323256 0.615 0.668 7.94 
 

 

 
Figure 3. Final meshing of the hydrofoil weir 
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Figure 4. Boundary conditions applied in the model 

 

Boundary conditions and initial 

conditions of the applied model: Each mesh 

block has six faces, for which boundary 

conditions must be selected. In this 

condition, the pressure and velocity changes 

are zero relative to the location (
𝜕𝑢

𝜕𝑥
=

0;
𝜕𝑝

𝜕𝑥
= 0). The input of the solution domain 

was the discharge condition along with the 

flow depth. For the output part of the 

solution domain, the Outflow condition was 

selected with the condition that the flow 

characteristics such as velocity, pressure, 

etc. are transferred outside the solution 

network without any change when it 

reaches this boundary. (Figure 4). 

3.2. Numerical Model Validation 
To validate the numerical model, the flow 

surface profile diagram passing through the 

N18 Hydrofoil weirs model at a flow rate of 

0.016 m3/s obtained from the FLOW-3D 

software simulation results was compared 

with the results measured in the laboratory 

by [3]and numerical and experimental 

results are presented for the same model, 

N18. Flow depths were measured at 

multiple transverse locations across the 

channel and averaged to obtain the final 

depth. The flow convergence and stability 

were evaluated by monitoring the temporal 

variation of discharge at the inlet and outlet 

boundaries. Figure 5 shows the time history 

graphs obtained from the Flux surface 

related to the flow of the N21 Hydrofoil 

weirs obtained from numerical outputs. It 

can be realized that from time of 5 seconds 

onwards, the changes in the upstream and 

downstream rate results with respect to time 

are almost negligible and equal, and the 

flow has reached steady state. 

 
Figure 5. Time history results for discharge of the weir 
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a) M1 

 
b) M2 

 
c) M3 

Figure 6. Comparison of profile results and flow surface lines for numerical and experimental 

models in different models (N18, N21 and N24) 
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In general, the observed results were 

evaluated with the experimental data and 

there is a good agreement between the 

experimental data and the numerical results. 

Figure 6 shows that the maximum water 

surface profile in the numerical and 

experimental models is approximately close 

to 1  and in the N24 model it is equal to 

0.99. 

Also figure 6 shows the dimensionless 

free surface profiles for three Hydrofoil 

weirs classifications, namely N18, N21 and 

N24. The x and y axes are dimensionless 

with the channel length L and the inlet 

water height of each flow structure h0, 

respectively. From the surface profiles, it 

can be seen that the two-dimensional flow 

starts between two and three times the 

spillway height upstream of the spillway. 

The results also show that the surface 

profile decreases from upstream to 

downstream and reaches a constant value at 

the downstream end. With the increase of 

the crest radius, the flow curvature 

decreases upstream of the spillways and is 

higher at the beginning of the spillway 

structure. That is, the flow curvature 

decreases as one moves downstream of the 

channel. It is known that with increasing the 

height of the weir at a constant discharge, 

the flow curvature and total head in the 

upstream face increase. This causes an 

increase in the dynamic pressure forces in 

the upstream region of the crest. With 

increasing the height of the weir under the 

same flow conditions, the water height in 

the downstream region decreases. 

3.3. Numerical Simulation Results 
This section presents a comprehensive 

analysis of the flow characteristics 

simulated using the validated numerical 

model. Due to optimization model the 

Hydrofoil weirs, boundary conditions were 

optimized and confirmed, and a Grid 

sensitivity analysis was also performed in 

model. As mentioned, after the Grid 

sensitivity analysis, the numerical model 

verification results are presented. Due to 

demonstrate the convergence and steady 

state of the numerical verification, the flow 

rate and head changes over time are plotted. 
Figures 7 to 9 show  the flow along the 

spillway crest, the velocity in the flow 

direction, the water surface profiles formed 

on the free jet blade and turbulence kinetic 

energy. In this figure, two experimental 

cases of [3] and numerical with the software 

are compared. The results show that the 

hydraulic and geometric features of the 

experimental investigations promoted by [3] 

are also replicated in the numerical model, 

which indicates the precision of the 

turbulence model in simulating the 

experimental investigations. Also, the 

parameter related to the velocity plays an 

important role in realizing the 

hydrodynamic interaction between the flow 

and the weir geometry. For the present 

modeling conditions, no separation of the 

wall boundary layer is observed over of the 

Hydrofoil weirs, as is also observed at the 

spillway surface. With increasing discharge 

and spillway height, the curvature of the 

flow pattern over the spillway also reduces. 

  
Figure 7. Comparison of velocity in the flow direction and turbulence kinetic energy in two 

experimental cases [3] and numerical model in case a of the N18 model 
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Figure 8. Comparison of velocity in the flow direction and turbulence kinetic energy in two 

experimental cases [3] and numerical model in case c of the N18 model 

 

  
Figure 9. Comparison of velocity in the flow direction and turbulence kinetic energy in two 

experimental cases [3] and numerical model in case d of the N18 model 

 

  
Figure 10. Comparison of flow velocity profiles in two numerical and experimental 

models at two different flow rates 

0

0.2

0.4

0.6

0.8

1

0 0.5 1
z/

z m
ax

TKE/TKEmax

0

0.2

0.4

0.6

0.8

1

0.000 0.500 1.000

z/
z m

ax

u/umax

Num

Exp(Soydan Oksal et al.,2021)

0

0.2

0.4

0.6

0.8

1

0 0.5 1

z/
z m

ax

TKE/TKEmax

0

0.2

0.4

0.6

0.8

1

0 0.5 1

z/
z m

ax

u/umax

Num

Exp(Soydan Oksal et al.,2021

0

0.2

0.4

0.6

0.8

1

0 0.5 1

z/
z m

ax

u/umax

Num

Exp(Soydan Oksal et

al.,2021)

0

0.2

0.4

0.6

0.8

1

0 0.5 1

z/
z m

ax

u/umax

Num

Exp(Soydan Oksal et al.,2021)

https://jhs.scu.ac.ir/


D. Mohamadalinezhadian et. al. 

 

Journal of Hydraulic Structures  

122 

 
Figures 7 to 9 show the maximum u/umax   

and Z/Zmax in all three cases is1. The Ratio 

of Turbulence Kinetic Energy 

(TKE/TKEmax) is near 1 in all cases. 
Regarding velocity, as can be seen, the 

results show that the hydraulic and 

geometric characteristics of the 

experimental models developed by [13,14] 

are also replicated in the numerical model, 

which indicates the robustness of the 

turbulence model in simulating the 

experimental models. Also, the parameter 

related to the kinetic energy of turbulence 

on the spillway plays an important role in 

understanding the flow characteristics and 

geometry of the spillway. For the present 

modeling conditions, no separation of the 

wall boundary layer is observed upstream 

and downstream of the Hydrofoil weirs, as 

is also not observed at the spillway surface. 

With increasing discharge and spillway 

height, the curvature of the flow pattern on 

the spillway also increases. According to 

the simulation results, as the flow 

approaches the spillway surface, the flow 

field pressure suddenly decreases and at the 

end of the spillway, the pressure value 

increases. Also, as the flow advances 

downstream of the spillway, the amount of 

turbulent kinetic energy decreases. For all 

levels, as the flow reaches the end of the 

spillway, the turbulence length scale 

increases abruptly. As can be seen, the 

simulation results are in good agreement 

with the experimental data. 

Regarding turbulence and velocity, it 

should be said that the flow velocity above 

the spillway surface continues to increase 

and the degree of turbulence is intensified. 

Under the influence of gravity and 

turbulence, the flow moves downward 

along the airfoil-shaped curve, the cross-

sectional area of the spillway gradually 

decreases, and the maximum velocity 

gradually moves from the free water surface 

to a position close to the spillway surface.  

In addition, in circular weirs, there are 

severe flow vortices and therefore the flow 

condition is non-uniform and non-

equilibrium. Also, the geometry of these 

weirs helps to reduce the drop by reducing 

the flow separation. A streamline weir with 

the appropriate geometry not only increases 

the height and also the depth of the 

upstream water compared to circular weirs, 

but also leads to the lowest negative bed 

pressure values, thereby reducing the 

potential for cavitation on the weir body. 

 In general, the parameter (TKE) 

represents the rate of kinetic energy 

reduction of the flow. The turbulence model 

examined in this study, while analyzing the 

flow by considering the turbulence 

parameter, has a good accuracy in 

predicting the flow passing through the 

spillway. This model provides a better 

understanding and accuracy of modeling by 

calculating the final kinetic energy 

dissipation rate, and by knowing this 

parameter, the destructive effects of fluid 

energy in the outlet and downstream of the 

flow can be reduced. This is associated with 

obtaining more kinetic energy than the 

average flow. Also, turbulent kinetic energy 

generates turbulence and fluctuations in the 

flow, and the turbulence model takes more 

energy than the average flow and spends it 

on transferring the oscillating parameters. In 

fact,the aim and novelty of this study is to 

introduce a hydrofoil weir simulation 

method. By introducing a numerical method 

and simulating the flow characteristics over 

this spillway, parameters that cannot be 

measured in the laboratory, such as 

turbulence sensitivity and turbulence kinetic 

energy, can be obtained in different states. 

Also, velocity and pressure distributions in 

laboratory studies may contain errors. One 

innovative method of reducing errors in 

calculations is the use of accurate numerical 

equations and methods and fast 

calculations. 

Regarding pressure changes, it can be 

said that the downward pressure pattern 

observed in the figure can be used for 

designing the downward part of the weir 

case to prevent negative pressure. 

The presence of negative pressure on the 
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spillway wall causes the flow lines to 

become more curved, resulting in higher 

flow velocity and causing changes in the 

discharge coefficient. Because the radius of 

curvature of the hydrofoil and the height of 

the weir do not change the discharge 

coefficient. The reduction in discharge 

coefficient with flow rate occurs because, in 

higher flow rates, the flow separation zone 

shifts closer to the weir crest. Therefore, 

negative pressure leads a larger decrease in 

water surface above the crest than at lower 

flows. Therefore, with increasing discharge, 

the water level at the crest of spillway 

decreases, and as a result, the discharge 

coefficient increases. The pressure on the 

weir of all the models investigated is not 

hydrostatic. Therefore, the low pressure 

happens at the upper of the crown. The 

pressure distribution indicated in none of 

the models, no negative pressure region 

occurs. Figure 11 shows the pressure 

distribution. 

As shown in Figure 11, the flow depth 

reduces by decreasing flow rate, which 

indicates that the bottom pressure at each 

point reduces. Moreover, it is clear that as 

the flow passes over spillway and the flow 

velocity increases, the bottom pressure at 

the spillway decreases from the starting 

point to the crest of the spillway and then 

increases towards the end of the spillway 

due to the effect of centrifugal force on the 

spillway structure [1,2]. Figure 11  shows  
pressure decreases with increasing distance 

and relative altitude. According to Figure 

11, the maximum relative pressure P/γh is 

approximately 0.75. 
The investigations also indicated that in 

hydrofoil weirs, highest bed shear stresses 

and compressive forces occur downside of 

the hydrofoil weir with greater curvature, 

and as a result, the probability of erosion 

downstream of this type of weir is higher. In 

addition, the probability of erosion 

downstream of the circular crest weir and 

the hydrofoil weir with the same height 

curvature is the same; however, the range of 

erosion in the circular crest weir is larger 

than that in the hydrofoil weir with the same 

height curvature. Based on the results, the 

use of the hydrofoil weir with curvature can 

overcome the aforementioned problems in 

the circular crest weir without reducing the 

height of the weir. 
For cylindrical and circular crest weirs, 

the pressure distribution is removed from 

the hydrostatic state as the load on the weir 

increases. Also, the height of the weir does 

not have much effect on the pressure 

distribution, and with the height of the weir 

changing, the pressure distribution remains 

almost hydrostatic. The presence of eddy 

currents upstream of the spillway leads the 

greatest velocity attenuation upstream of the 

crest so, the maximum pressure happens at 

the beginning of the crest (slightly above 

the crest surface). As can be seen, the 

vertical velocity distribution is nonlinear, 

which confirms the non-hydrostatic 

pressure distribution. Figure 12 and 13 

show the turbulent kinetic energy and 

velocity distribution. 

  

Figure 11. Pressure distribution on the surface of the N18 hydrofoil weir for Q=0.016 m³/s 
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Figure 12. Turbulence kinetic energy distribution and flow velocity and depth distribution for N24 

 
 

 

 

Figure 13. Turbulence kinetic energy distribution and flow velocity and depth distribution for N21 
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According to Figure 12, with increasing 

velocity in the x direction, the turbulence 

energy increases from 0 to 0.020. Also, the 

flow depth increases from 0.031 to 0.143. 

which shows the velocity distribution for 

the N24 model. According to Figure 13, 

with increasing velocity in the x direction, 

the turbulence energy increases from 0 to 

0.021. Also, the flow depth increases from 

0.0.133 to 0.135. The results show that as 

the depth of the flow increases, the 

turbulence also increases. 

 

4.Conclusion 
In this study, a more comprehensive study 

of the hydraulic characteristics of flow over 

hydrofoil weirs was conducted using a 

numerical model. Comparison with 

experimental data confirmed that the RNG 

k-ε turbulence model accurately simulated 

the turbulent kinetic energy distribution. 

The simulation results indicate that pressure 

decreases abruptly as flow approaches the 

weir crest, then recovers at the downstream 

end. The results indicate that the maximum 

u/umax   and Z/Zmax in all three cases is1. The 

Ratio of Turbulence Kinetic Energy 

(TKE/TKEmax) is near 1 in all cases. 

Concurrently, turbulent kinetic energy 

diminishes along the downstream flow path. 

For all flow heads, as the flow reaches the 

end of the weir, the amount of length scale 

of turbulence increases suddenly. In 

general, the results obtained were evaluated 

with the experimental data and there was a 

good agreement between the experimental 

data and the results obtained from the 

analytical solution. According to the 

simulation time history results related to the 

discharge upstream and downstream of the 

Hydrofoil weirs, the N21 model showed 

better results and agreement compared to 

the other models. Changes in the 

downstream slope, height and crest 

curvature upstream had no effect on the 

velocity distribution in the crest. The 

pressure on the crest was not hydrostatic 

and decreased with increasing load. In 

general, Hydrofoil weirs increase the 

discharge coefficient and can stabilize the 

free-flow state when the downstream water 

level changes sharply. That is, they help 

stabilize the flow. The results showed that 

in Hydrofoil weirs, the highest compressive 

forces occur downstream of the spillway, 

and as a result, the likelihood of erosion 

downstream of this type of spillway is 

higher. 

 
4.1. Limitations, Recommendations, 

and Implications 
One of the limitations of numerical 

research is the lack of access to fast and 

suitable solvers for simulation. It is also not 

possible to access all experimental data for 

simulation. It is recommended that for 

future research, the current numerical model 

be compared with other models such as 

ANSYS Fluent, Abaqus, etc. It is also 

recommended to combine numerical and 

laboratory models with machine learning 

methods, artificial neural network models, 

and artificial intelligence models. Due to the 

time and cost involved, one of the 

advantages of numerical methods is saving 

money and time. 
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