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Spillways are designing to release surplus water over a volume of storage. The excess 

water flows from the top of the reservoir and is carried back to the river by a spillway. 

Many radial gates were destroyed under hydrodynamic load. Radial gate connectors are 

susceptible to fatigue failure due to excessive vibration; therefore, gate vibration during 

operation must be investigated to confirm safe operation at the design water pressure. 

Several studies were carried out to analyse and simulation of flow over the spillway. In 

this article, the flow pattern over the Haditha dam spillway has been simulated using 

computational fluid dynamics (CFD). The numerical model was performed using Ansys 

Fluent 2020 R1 to simulate the flow properties; determination of cavitation damage at 

three discharges corresponding in the design of Haditha dam are 4700, 7140, and 7900 

m3/s. In addition to finding the effect of gate vibration under dynamic water loads. The 

Realisable k-ɛ turbulence model was utilised with the volume of fluid (VOF) model to 

simulate the interaction between air and water phases. The validation of the numerical 

model was achieved by comparing it with a physical model. The physical model of the 

Haditha Dam spillway was made from iron with a scale of 1:110. It has been designed 

and constructed in a hydraulic laboratory according to the modelling principle of the 

hydraulic structure. The results showed that a high agreement between the physical and 

numerical model and the k-ɛ turbulence model could simulate the Haditha dam spillway 

with low cost and few times. The cavitation damage may occur at the region start at the 

end of the arching spillway to stretches downstream, and there is no damage of gate 

vibration under dynamic water load. 
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1. INTRODUCTION

A spillway is one of the most important hydraulic that 

represents a safety valve of a Dam [1]. It works on the excess 

passing water downstream. The design of the spillway must be 

sufficient to release the floodwaters more than the reservoir 

capacity. The appropriate design of spillway prevents the 

potential risk of failure and dam overtopping. A spillway is 

very important to the safety of dams. Because of high flow 

over the spillway, the design must be pretty complicated and 

faces high flow kinetic energy and cavitation problems. A 

spillway may be designed within the dam's body or alongside 

the dam, or quite away from it depends on many considers, but 

it can be best built independently of the dam [2]. 

The spillway can be classified into many different forms: 

according to purpose as an emergency and auxiliary spillway; 

according to flow as a controlled (gated) spillway and 

uncontrolled spillway; according to hydraulic criteria as ogee, 

chute, side channel, tunnel and siphon spillways. The type is 

selected and designed according to many considers such as 

topography, hydrology, geology, the purpose of the project, 

and the economics of the project [3]. 

A discharge coefficient (C) is a quantitative variable that 

measures the spillway's efficiency at moving floodwaters [4]. 

This vital design parameter represents the losses in approach 

channels. The losses include transition losses, entrance loss, 

and losses caused by the curvature of the upstream channel; 

these losses must be added to the total head for determining 

the elevations of the reservoir [5]. In crests- gated spillway, the 

discharge at a partial opening may be computed as similar to 

flow through a low head Orifice by using the following 

equation [6].  

Q = Cg. D. L. ( 2𝑔𝐻)
1

2⁄ (1) 

where, 

Cg = discharge gated coefficient; 

D = gate opening in meter; 

L = net length of the spillway crest; 

g = gravity acceleration; 

H = vertical distance between the total upstream head and 

the centre of the gate opening. 

In recent years, due to the great climatic changes and the 

dams built on the Euphrates River basin, a significant 

fluctuation in the quantities of water entering Iraq occurs. For 

example, in 2019, the rainfall rates on the river basin increased 

significantly from their normal rates during the winter season, 

as the quantities of water exceeded the levels of natural storage. 

The water rose to reach the levels of the design discharge of 

the spillways for most dams in Iraq. It is caused to the 

emergence of some problems related to the operation and 

design of these dams and spillways. Then the water levels 

decreased, and the water quantities dramatically reduced in the 
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summer season and the subsequent two seasons in 2020 and 

2021, which forces the authorities responsible for managing 

water resources to reconsider the management plans of this 

system. To study and address these problems and increase the 

operational efficiency of the water resources system in Iraq, 

several scenarios must be examined and tested to assess this 

efficiency, especially about the associated hydraulic structures, 

such as dams and spillways. 

Physical models were used for many years to simulate the 

complex flow over the spillway. A physical model is time 

consuming and causes high design costs. There are other 

limitations of physical models, such as the effect of scaling, 

where they may be unable to capture behaviour such as 

cavitation and tension of surface readily. Applying different 

scenarios in the physical model is difficult or impossible and 

difficult to visualise or understand turbulent flows [7-9]. The 

behaviour of flow over spillways can be studied in a short time 

and without paying high expenses by using the numerical 

model [10, 11]. Moreover, the flow process can better show 

using the numerical model with the equation and appropriate 

coefficient under analytical solution at different scenarios.  

Computational fluid dynamics (CFD) has been used to 

simulate flow over the spillway. It is a branch of fluid 

mechanics that solves flow problems using numerical methods 

[12]. The results have been compared and evaluated against a 

physical model. Many water resource engineers have 

attempted to study flow over spillways with different 

mathematical models and computational techniques. 

Alhashimi [13] used Fluent software to simulate flow over 

ogee spillway and compared the results with experimental data. 

She used the volume of fluid (VOF) model to obtain the free 

surface in each case. She takes a spillway of Mandali Dam as 

a case study to calibrate her numerical models. Her study 

results indicate that in the case the RNG k-ɛ turbulent model 

is used, the accuracy of the results obtained from the flow over 

ogee spillway has been increased. 

A numerical study on stepped and ogee spills with finite 

volumes and finite elements was conducted by Daneshfaraz et 

al. [14]. In that study, Fluent and ADINA software and 

experimental data was compared using two discretization 

methods in numeric solution. They Found a good agreement 

between experimental and numerical results. Meanwhile, 

fluent software results were more accurate than ADINA 

Software's finite element.  

Kumcu [15] comparing experimental data and CFD analysis 

for flow over the spillway for under construction Kavsak Dam 

in Turkey. She investigated experimentally by a physical 

model using a 1/50 scale to conducting experiments, and Flow 

depth, discharge, pressure data were recorded for different 

flow conditions. She used discharge rating curves, velocity 

patterns, and pressures to compare the physical model results 

and the numerical model. Her study shows that there is 

reasonably good agreement between the physical and 

numerical models in flow characteristics. 

Comparison of physical modelling and CFD simulation of 

flow over the spillway in the Arkun Dam was studied by Ucar 

and Kumcu [16], they comparing the hydraulic characteristics 

between software (CFD) and 1/60-scaled physical model 

using Flow-3D by the finite-volume method to solve the 

Navier- Stokes equation (RANS). Their study proved the good 

conformity of numerical models with the physical model in 

flow characteristics. 

ANSYS Fluent software has been used by Barzegari et al. 

[17] to simulate the flow over Aydoghmush Dam (Iran) 

spillway. They constructed a physical model from Plexiglas at 

a scale of 1:40 at the Water Research Center in Iran. The 

authors used three different discharges (35, 800, 1850) m3/s to 

calculate flow parameters and determine the cavitation index. 

They applied the volume of fluid (VOF) model to assess the 

profile of free surface flow and the stander κ–ε model as a 

turbulent model. The researchers found an excellent 

acceptance between a result of Fluent and physical model. 

Also, they proved that the cavitation did not occur in their case 

study at any of the flow rates. 

A flow simulation on the Ogee spillway was carried out by 

Damarnegara et al. [18] using the OpenFOAM open-source 

CFD platform. The flow is simulated using the VOF approach 

to resolve the dynamics of free a surface. In comparison with 

experimental measures and the USBR calculation method, 

they concluded that the results show a good harmony on the 

spillway rating curve and no significant influence on the 

outage rating curve was demonstrated in the mesh 

configuration. In addition, they recommend that the numerical 

simulation is sufficiently accurate to be used as a design tool 

in the design iteration process before testing design, which can 

be saved time and money. 

Several studies were carried out to verify numerical results 

using physical models for different spillway types by using 

Flow 3D software [19-26]. All of them found a good 

agreement between a result of the numerical and physical 

model.  

The present study seeks to confirm that a numerical model 

can model the flow pattern over the Haditha Dam spillway by 

using Ansys Fluent software, check the cavitation damage and 

determine the effect of radial gate vibration under dynamic 

water load.  

 

 

2. HADITHA DAM CASE STUDY 

 
Haditha Dam is an earthfall Dam located at 34◦120 latitudes 

and 42◦210 longitudes on the narrow stretch of the Euphrates 

River, about 8 km northwest of Haditha city, which Located 

about 270 km northwest of Baghdad  .Haditha Dam was 

constructed for multi-functional purposes and is used for 

hydroelectricity generation, regulating the flow of the 

Euphrates River and irrigation of field water (see Figure 1). 

After the Mosul Dam, the Haditha Dam is considered the 

second largest electrical supplier of power [27]. 

 

 
 

Figure 1. Map of location and layout of Haditha dam on the 

Euphrates River [27] 
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The total length of the Haditha dam is around 9 km, and the 

maximum height is 57 m high from the deepest point of the 

river. The total Dam storage is 6 trillion cubic meters at a 

normal operating level. and the maximum water storage 

capacity of about 8.3 trillion cubic meters [28]. The hydraulic 

investigation of spillway layouts was started in April 1976. 

The spillway is a controlled type with six radial gates divided 

by piers (5.0 m and 7.0 m thick) (see Figure 2).  
 

 
 

Figure 2. Sketch of Haditha Dam spillway with radial gate 

 

The surface spillway profile represents a horizontal sill 

(134.0 m high (a.s.l.) and 26.5 m long), which conjugates over 

a 60 m radius curve with an inclined end section (inclination 

angle 20°). The discharge via turbines and discharge via 

spillway during a flood is shown in Table 1. At a normal water 

level equal to 143 m flow rate would amount to 4700 m3 / s 

[29]. The maximum discharge recorded over spillway through 

six gates was 7900 m3 / s (Management of Haditha Dam 

project, Unpublished data). 

 

Table 1. Discharge via turbines and spillway during flood 

passage 

 

Probability % 

Total 

discharge 

m3/s 

Discharge via 

station m3/s 

Discharge via 

spillway m3/s 

0.01 12500 1500 11000 

1 5200 1900 3300 

 

 

3. THEORY AND BASIC EQUATION 

 

The fundamental physical principles equation of fluid 

dynamics is considered as a governing equation of CFD. Mass 

conservation, momentum and energy show the conservation 

form of the partial differential governing equations. In a fluid 

dynamic state, the continuity equation is the mass rate that 

enters a system compared to the mass rate that leaves the 

system and the mass accumulation in the system. Although a 

fluid element's shape and volume change as it moves, its mass 

remains constant because its mass changes at a constant rate 

(conserved mass) as it moves along the flow. The conservation 

equation or continuity equation is considered as below [30]. 

 

 
𝜕𝜌

𝜕𝑡
+ ∇ . ( ρ𝑣 ⃗⃗⃗  ) = 0  (2) 

 

where, 

𝜌 is fluid density (kg/ m3); 

t is the time (s); 

𝑣  is a vector of velocity (m/s). 

The second governing equation is a momentum equation. 

The momentum equation expresses Newton's second law; it 

involves relating the sum of the forces acting on a fluid 

element to its acceleration [31]. Newton's second law is the 

resulting force that acts on the body and can be written as the 

rate of change of momentum of a body. It occurs in the 

direction of force, which is divided into two groups: surface 

and body force. These forces act directly on the fluid element's 

volumetric mass (see Figure 3). 
 

 
 

Figure 3. Infinitely small, moving fluid element 

 

The general Navier-Stokes governing equations can be 

shown as Eq. (3). 

 
𝜕

𝜕𝑡
 (𝜌�⃗� ) + 𝛻. ( 𝜌�⃗� �⃗� ) = -∇𝑝 + 𝛻. (𝜏 )+ 𝜌 𝑓   (3) 

 

The fluid can be taken as a Newtonian fluid for a 

hydrodynamic problem. Stokes in 1845 obtained the following 

equation for Newtonian fluids,  

 

𝜏 = 𝜆𝛻. �⃗� + 2𝜇
𝜕𝑢

𝜕𝑥
  (4) 

 

where: (𝜇 ) is a viscosity coefficient and (λ) is a bulk viscosity 

coefficient.  

The third governing equation is a conservation of energy 

(the first law of thermodynamics), which can be demonstrated 

as below: 

 
𝜕𝜌𝑒

𝜕𝑡
 +∇⃗⃗ .(𝜌𝑒𝑣 )= 𝜌�̇� +∇⃗⃗  . ( 𝑘∇⃗⃗ 𝑇) − ∇⃗⃗ . (𝜌𝑣 ) +

∇⃗⃗ . (𝜏 . 𝑣 ) + 𝜌�⃗�  . 𝑣   
(5) 

 

where, 

q̇ = rate of volumetric heat addition per unit mass  

T = temperature 

e = internal energy per unit mass. 

 
 

4. PHYSICAL AND NUMERICAL MODEL 

 

4.1 Physical model setup 
 

The physical model tests for this study were carried out in 

the Hydraulic Laboratory of the University of Anbar, located 

in the Anbar governorate. The physical model was constructed 

to simulate of flow pattern over the Haditha Dam spillway. 

The spillway of Haditha Dam consists of six spaces with six 

radial gates. The piers between the spaces of spillway are 5 

and 7 m in width alternately. The model was constructed inside 

an open channel at a hydraulic laboratory to simulate only two 

375



 

spaces of the Haditha Dam spillway. The current study 

included two spaces of the spillway because it was very 

difficult to simulate all spillway and very high cost. The length 

of the open channel is 17 m with 50 * 50 cm cross section area 

enclosed by glass. Figure 4, illustrates the top and side view of 

the open channel and model.  

 
 

Figure 4. Layout of the experimental setup A) Plan view, B) side view 

 

The physical model was made from iron with a scale of 

1:110. It was designed and constructed in accordance with the 

principles of hydraulic modelling and similarity. The scale has 

been chosen after optimising many scales to achieve the best 

scale that can be represented inside the laboratory open 

channel and overcome the viscous and surface tension forces 

represented by Reynolds number and Weber number [32].  

Table 2 represents the relationship between the Haditha 

Dam spillway (prototype) and physical model on the Froude 

similarity using a scale of 1: 110.  

 

Table 2. The scale factor of the Haditha dam spillway 

 
Parameter Scale value Law of scale value 

Length 𝐿𝑟 110 

Velocity 𝑉𝑟 = 𝐿𝑟
0.5 10.5 

Discharge 𝑄𝑟 = 𝐿𝑟
2.5

 126905.87 

Time 𝑇𝑟 = 𝐿𝑟
0.5 10.5 

Force 𝐹𝑟 = 𝐿𝑟
3  1331000 

Pressure 𝑃𝑟 = 𝐿𝑟 110 

 

After setting up of physical model, three different 

discharges were taken to the simulation of a prototype. These 

discharges are (4700, 7142 and 7900) m3/s representing 

discharge at normal water level, Design discharge of spillway 

at Probability 0.1% and maximum discharge recorded over 

spillway through operation, respectively (Management of 

Haditha Dam project, Unpublished data  ( .  

To measure pressure over the surface spillway, the ten 

piezometers were fixed (five piezometers for each span) with 

9 cm space between each piezometer and another Figure 5 and 

6.  

The depth of water above the spillway was measured by 

point gauge to determine free surface water, and the depth of 

water downstream was measured too.  

 

 
 

Figure 5. Physical model of Hadith dam 

 

 
 

Figure 6. Top view of the physical model 

 

4.2 Numerical model setup 

 

The numerical model can be used to study the flow over 

spillways in a short amount of time and without incurring high 
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costs. A numerical model can predict fluid dynamic forces, 

mass flow rate, heat transfer rate, and pressure drop. The 

Ansys Fluent numerical software 2020 R1 has been used in 

this study to simulate of flow pattern over Haditha Dam 

spillway. Ansys Fluent is a powerful numerical modelling 

software capable of solving a wide range of fluid flow 

problems. Ansys Fluent software uses the finite volume 

method (FVM) to solve the continuity and unsteady 3D RANS 

equations. In the present study, the Realisable (k–𝜀) model was 

used in Fluent software due to more harmonious flow on 

surfaces with big curves [33]. The k- 𝜀 model is one of the 

most effective closure turbulence models frequently used in 

CFD modeling [34-37]. The volume of fluid (VOF) model has 

been selected to simulate multiphase flow. The air and water 

are defined in two phases: primary and secondary, respectively. 

The flowchart below summarises the steps of simulation on 

the numerical model Figure 7.  

 

 
 

Figure 7. The steps of simulation on the numerical model 

 

4.2.1 Construction of geometry 

The Ansys fluent software supports the format files 

stereolithography (STL). This format file is popular in some 

of the used software such as CAD software which includes 

AutoCAD, Free Cad, 3D Max, SolidWorks, Sketch-Up, etc. 

The STL file is usually used for 3D printing; it is more exact 

than other files. The 3D geometry of Haditha Dam spillway 

and domain of flow over spillway has been constructed by 

using Solidwork software 2019 Figure 8. After that, the 

geometry was saved as Parasolid (x,t) file format and imported 

into Ansys fluent. 

 

4.2.2 Mesh generation: 

A meshing or grid generation is the second essential stage 

of preprocessing after geometry construction. The meshing 

process is a significant step in CFD modelling and requires 

considerable attention. In order to analyse the fluid flow, the 

domain must be subdivided into smaller cells. Essentially, the 

accuracy of a CFD solution depends upon the number of cells 

in the mesh. The finer mesh, the better precision of the solution 

[38]. 

There are many options in the two-dimensional meshing 

process, such as triangular and quadrilateral meshing. Still, in 

a 3D model, the mesh may consist of either a tetrahedron or a 

quadrilateral mesh or several various combinations [39]. In the 

present study the symmetry and refinement were applied on 

the domain of the spillway to reduce the number of elements; 

thus, reducing the time of ran. Figure 9 depicts the three-

dimensional model meshing for the Haditha Dam spillway. 

 

 
 

Figure 8. Design of 3D geometry by using Solidwork 

software 

  

 
  

Figure 9. Three-dimensional model meshing for Haditha 

Dam spillway 

 

The mesh quality assessment and mesh sensitivity function 

has been established after the correct mesh type was achieved 

for each model. The mesh quality plays a significant role in the 

accuracy and stability of numerical computation. As 

documented in ANSYS Fluent User's Guide (2013) [40], the 

list of quality criteria for mesh metric includes element quality, 

aspect ratio, Jacobean ratio, warping factor, parallel deviation, 

maximum corner angle, skewness, and orthogonal quality, 

which corresponded in the present study.  

 

4.2.3 Boundary conditions 

The precision of boundary conditions plays a vital role in 

the results of domain simulation. The boundary conditions are 

flow input and output boundaries that need to be defined with 

the flow characteristics such as turbulence parameters, 

velocity, and pressure. The internal faces and walls which have 

direct interaction with the flow were also represented. In this 
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article, the inlet boundary is located upstream of the inlet water 

at the bottom and the air inlet at the top. A velocity inlet 

boundary was chosen as the best option for the inlet water, 

resulting in a stable flow in the solution domain. The input 

velocity was calculated and uniformly set at the inlet for each 

discharge tested in physical modelling. The air boundaries 

were defined in the atmosphere as an outlet pressure. On the 

other hand, at the downstream part, the outlet of the domain 

has been specified with an outlet pressure so that water and air 

can flow out freely (see Figure 10).  

 

 
 

Figure 10. Model boundary condition in two and three dimensions 

 

 

5. RESULTS AND DISCUSSIONS 

 

5.1 Analysis, results, and discussions of flow over spillway 

 

The numerical model becomes indispensable for design a 

huge hydraulic structure such as dam. The validation of any 

numerical model must be check before adopting. The 

validation of the numerical model usually is achieved by 

comparing a result of the numerical model with field results or 

physical model. In this article, the physical model has been 

constructed by using 1/ 110 scale. Three different discharges 

are used to simulation of flow patterns over the Haditha Dam 

spillway. These discharges are 4700 m3/s, 7140 m3/s, and 7900 

m3/s. 

 

 
a) discharge = 4700 m3/s 

 
b) discharge = 7140 m3/s 

 
c) discharge = 7900 m3/s 

 

Figure 11. The pressure over the surface of the spillway 
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a) discharge = 4700 m3/s

 
b) discharge = 7140 m3/s 

 
c) discharge = 7900 m3/s 

 

Figure 12. Depth of water over the spillway 

 

The volume of fluid (VOF) model has been used in the 

present numerical model to track the interface between phases 

of water and air. VOF tracks the fluid mass movements and 

determines the volume fraction of each mesh cell. The fraction 

of phase can be taken any value from 0 to 1 [41]. 

Five piezometers were fixed over the surface of the spillway 

to measure pressure and to compare it with CFD numerical 

model. As shown in Figure 11, the results illustrate a good 

agreement between physical and numerical models. 

Another indicator or parameter used to check the model 

validation is water depth or water elevation over the spillway 

measured to find the free surface flow. Figure 12 shows the 

relation between distances and depth of water at three 

discharges. Results show a high accuracy numerical 

simulation of flow patterns with experimental results, which 

mean the numerical model is valid to simulate the flow 

patterns over the Haditha Dam spillway.  

Figure 13 shows a simulated region of fractional water and 

air phase and water surface. The behaviour of water in the 

numerical model (volume of water fraction) is very much like 

the physical model. 

 

 
a) discharge = 4700 m3/s 

 
b) discharge = 7140 m3/s 

 
c) discharge = 7900 m3/s. 

 

Figure 13. Phases of water and air in simulated case 
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The flow vectors over the spillway are shown in Figure 14 

at three different discharges. This figure shows evident 

velocity vector changes from straight to curvature, where flow 

passes under the gate. 

 

 
a) discharge = 4700 m3/s 

 
a) discharge = 7140 m3/s 

 
b) discharge = 7900 m3/s 

 

Figure 14. Velocity vectors 

 

To further examine the numerical models' predictive 

abilities to simulate the flow over the spillway, streamlines of 

flow at three different discharges were simulated as shown in 

Figure 15. The figure shows the velocity streamlines become 

highly over the curvature of the spillway that is logical 

behaviour and agrees with general theories and measurements.  

The pressure distribution over the entire domain and in the 

proximity of the surface spillway illustrate as a contour line in 

Figure 16. 

In Figure 16, the negative pressure is seen over the crest in 

the region starts at the end of the arching spillway to stretches 

along with downstream, and it may be caused cavitation 

damage. Cavitation is the formation of vapour cavities in a 

liquid that occurs when the flow velocity is high [36]. 

Cavitation damage can be increase with cracks, surface 

roughness, ramp and offset [29]. 

 

 
a) discharge = 4700 m3/s 

 
b) discharge = 7140 m3/s 

 
c) discharge = 7900 m3/s. 

 

Figure 15. Velocity streamlines 
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a) discharge = 4700 m3/s 

 
b) discharge = 7140 m3/s 

 
 

c) discharge = 7900 m3/s 

 

Figure 16. The contour line of pressure distribution 

 

 
a) discharge = 4700 m3/s 

 
b) discharge = 7140 m3/s 

 
c) discharge = 7900 m3/s 

 

Figure 17. Contour line of cavitation distribution 
 

The cavitation can be modelled in Ansys Fluent using three 

phases (air, water liquid, and water vapour). Figure 17 shows 

the contour line of the zone at cavitation damage. 

 

5.2 Analysis, results, and discussions of vibration effect  

 

Extreme vibration can be led to fatigue failure in the radial 

gate connectors; thus, vibration for the gate during operation 

must be investigated to confirm safe operation to design water 

pressure. Because of eddy generated by the fluctuation of the 

water pressure during flow, significant vibrations could be 

produced. It is caused by the split and reattachment of the flow 

of water around the radial gate and by the resulting unstable 

flow under the gate [42, 43]. Radial gates of the Japanese 

Wachi Dam and the US Folsom Dam were destroyed due to 

vortex-induced vibrations generated by the partially opened 

gates in 1967 and 1995, respectively [44]. 

The evaluation of the mode shape of the Haditha Dam 

spillway radial gate has been checked by using Ansys 

Workbench. After simulation of the numerical model using 

Fluent, the analysis system (static structural) was used to 

determine the total deformation on the gate. It is attached to 

the solution of Fluent and to find the vibration mode Ansys 

system (mode) connected on the solution of static structural as 

shown in Figure 18.  

The vibration damage under the radial gate of the spillway 

has been checked in at worst case. The worst case was at 

design discharge of Haditha Dam spillway (11000 m3/s) with 

gate opening ten meters simulated to determine eight mode 

shapes. Figures 20 and 21 illustrate the first to eight mode 

shapes of the Haditha dam's gated spillway. 

The natural frequency of the radial gate has been calculated 

according to the dimensions and properties of the gate (see 

table 3) by using MATLAB for equation (6) below. According 
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to Eq. (6) and data in Table 3, the natural frequency value is 

(21.4275 Hz). 

 

Table 3. Dimensions and material design propertise of the 

radial gate of Haditha dam spillway 

 
Dimension Value 

Width of gate 16 m 

High of gate 13.5 m 

Thickness of gate 25.2 cm 

Radius 16.6 m 

Material property Value 

Density 7850 𝑘𝑔 𝑚3⁄  

Unit weight 78.5 𝑘𝑁 𝑚3⁄  

Modulus of elasticity 210000 Mpa 

Shear modulus G 81000 Mpa 

Poisons ratio in the elastic range 0.3 

Coefficient of linear thermal expansion 12 * 10−6 𝐾−1 

 

 
 

Figure 18. The connection between the ANSYS-Fluent 

system, the Static-Structural and modal setup 

 

The pressure imported on the gate shows in Figure 19. 

 

 
 

Figure 19. The imported pressure on radial gate 

 

𝜔𝑁𝐿 = 𝜔𝐿 [1 + 
9𝑔31𝑔33 − 10𝑔32

2

12𝑔31
2  𝐴2]

1
2⁄

 (6) 

 

where, 𝜔𝐿 = [
𝑔31

𝑔30
⁄ ]

1
2⁄

 is the dimensionless linear 

frequency. 

A= W max is the dimensionless amplitude of the panel, and 

the corresponding linear frequency can be expressed as 𝛺𝐿 =

 𝜔𝐿(
𝜋

𝑎⁄ )(
𝐸𝑜

𝜌𝑜
⁄ )

1
2⁄ , more details in reference Shen and 

Wong 2014 [45]. 

To determine the safety of the vibration gate, the actual 

frequency from eight modes comparing with the natural 

frequency of the gate. As a result, the structure is safe against 

vibration of the gate because the actual maximum frequency 

(16.9 Hz) is less than the natural frequency (21.427 Hz) in the 

worst case.  

 

 
 

Figure 20. The mode shapes of Haditha Dam spillway radial gate for first, second, third and fourth modes 
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Figure 21. The mode shapes of Haditha Dam spillway radial gate for fifth, sixth, seventh and eighth modes 
 

 

6. CONCLUSIONS  
 

Many researchers have attempted to investigate the 

hydraulics properties of the spillway with a physical and 

numerical model. With the development of the CFD technique, 

the hydraulic parameters for a spillway flow can be determined 

more easily and quickly. It is an economical and cost-effective 

technology and provides better viewing of the results. The 

numerical model was carried out using the realisable k– ɛ 

model by Fluent software. The results of the numerical model 

were compared with the physical model of the Haditha Dam 

spillway. The main conclusions of the present study are as 

follows: 

• The flow parameters like water depth and pressures 

obtained by the numerical model of Fluent for the 

turbulent model were in good agreement with the 

physical model results. 

• The numerical model can be used to analyse or design 

hydraulic structures with high accuracy in different 

scenarios.  

• The numerical model can simulate cavitation over the 

spillway, and in the present simulation, the cavitation 

may occur at the end of the arching spillway to stretch 

downstream. 

• The numerical model is capable of  simulated vibration 

and there is no danger for gate vibration in the present 

study, but it must be corresponding especially in 

hydropower dams because there is another source of the 

vibration from a turbine. 
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NOMENCLATURE 

 

CFD computational fluid dynamics  

VOF volume of fluid 

RANS  Navier- Stokes equation 

 

Greek symbols 

 

 

𝜌 Fluid density, kg. m-3 

λ bulk viscosity coefficient 

q̇ rate of volumetric heat addition per unit 

mass 

µ dynamic viscosity, kg. m-1.s-1 
ɛ dissipation of turbulence 

 

Subscripts 

 

v vector of velocity, m.s-1 

e internal energy per unit mass 

t Time, s 

Cg discharge gated coefficient 

g gravity acceleration 
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