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P A P E R  I N F O  

 

A B S T R A C T  

Paper history: Recently, the investigations studies of simulating flow over spillways have increased using 
numerical models. Due to its important structure in the dams to pass flood wave to the 
downstream safely. Researches finding have shown that CFD (Computational fluid dynamics) 
models as the numerical method are a perfect alternative for laboratory tests. Performance 
analysis of the CFD platforms Ansys Fluent-2D and Flow-3D are presented, focus on finding the 
variations between the numerical results of the two programs to simulate the flow over ogee 
spillway. The present study treats the turbulence using RNG k-ε of RANS approach, and also use 
the Volume of Fluid (VOF) algorithm to track the water-air interaction. The Fluent-2D and Flow-3D 
accuracy are assessed by comparing representative flows variables (velocity; free surface profiles; 
pressure; and the turbulent kinetic energy). The results of both codes have been also compared 
with experimental data. The results of the analysis show an excellent agreement between the two 
platforms data, which could assist in the future by using both programs to calibrate each other, 
rather than traditionally relying on laboratory calibration models. 
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The vastest driving force for dam construction 
worldwide are the need for flood control, reliable 
water supply, navigation, recreation and 
hydroelectric power generation [1]. The ogee is one 
of the most famous types of the spillway, that play a 
remarkable role in safety and stability of dams, 
which designed to safely transfer floods from the 
upstream of the dam to the watercourse 
downstream [2,3].  

For more than 100 years, the laboratory 
modeling was the main tool to investigations of 
hydraulic characteristic for flow over spillways. 
Unfortunately, laboratory models have a lot of flaws, 
including construction expensive; time-consuming 
to develop and test; and also, many researchers 
have mentioned that there are some errors in 
results due to the scaling effects (i.e. reduce 
prototype scale according to law of similarly of 

Froude number can cause errors in the results) [4]. 
Therefore, recently, investigative studies have 
increased using numerical models, where the 
hydrodynamics behavior of spillway can be studied 
and simulated numerically with reasonable cost and 
time. The Computational fluid dynamics (CFD) 
models are a numerical process to solving the flow 
equations like conversation of mass and momentum 
(3-dimensional Navier-Stokes equations). Today, 
there are many CFD commercial program designed 
to represent fluid flow such as Ansys Fluent & CFX, 
Flow-3D, OpenFOAM, Power Flow, SimScale, 
COMSOL Multiphysics, Autodesk CFD, etc. Al-
Zubaidy and Alhashimi; Dargahi; Dolon Banerjee; 
Hekmatzadeh et al.; Jahad et al.; Li et al.; 
Rahimzadeh et al.; Samadi-Boroujeni et al.; Sartaj et 
al.; and Yusuf and Micovic [5–14] conducted their 
studies using Ansys-Fluent software. The main aims 
of their studies are to investigations of overflow 
spillways and comparing results of a program with 
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experiment models. Also, Serafeim et al., [15] 
conducted a numerical study using Fluent-3D with 
k-ℇ turbulence model, to compare the water surface 
level of CFD model with the laboratory data, and 
their results indicate a reasonable agreement at 
different discharge values. On the other side, Flow-
3D commercial software is most widely used for 
spillway modelling. In simulation flow pattern over 
spillway; many authors conducted their studies 
utilizing the Flow-3D program and concluded the 
results a good agreement with the experimental 
results in simulate flow over the spillway [16–25]. 
Another alternative program for simulation flow 
pattern over spillway is open source platforms 
OpenFOAM. By using this program, Imanian and 
Mohammadian, (2019) [26] conducted a study to 
investigate the performance of flow over spillway at 
water head significantly higher than the design 
head. The finding of this study shows a better 
agreement between the experimental and 
simulation model. In fact, choosing the most suitable 
of numerical codes is a difficult task. For this reason, 
Bayon et al., [27] using CFD codes of Flow-3D and 
OpenFOAM to compare and predict of the hydraulic 
jump characteristics at low Reynolds number. They 
reported that there is a superiority in some 
variables to the other for both platform codes. For 
example, the results accuracy can be expected for 
maximum velocity measured, in Flow-3D, with 
(99.7%) of determination coefficient (r2). While the 
platform of OpenFOAM scored a better result than 
Flow-3D in the backward velocity evaluating with 
88.2 % and 83.7 %, respectively. However, the Flow-
3D platform appears to reproduce the interaction 
better between super-critical and sub-critical flow 
in the stilling basin. 

The present paper focuses on the performance 
study of Fluent-2D and Flow-3D platforms to 
simulation flow over ogee spillway. The necessary 
hydraulic parameters like velocity, water depth and 
pressure have been comparing for both platforms. 
Add also, the pressure head of the Mandali dam (as a 
case study) has been selected to choose the better 
model. The definition of used mesh and the mesh 
sensitivity analysis have been performing for both 
codes. This paper gives explicit results to both 
platforms that help in choosing the right program in 
the future. This paper also examines the possibility 
of using the both models in calibration, instead of 
using physical models. Most of the time, numerical 
results must be verified, so the best alternative is 
using another numerical program as an alternative 
to laboratory models that are costly in time, cost, 
and effort. 

Numerical results have recently already become 
means of solving complicated problems that are 
difficult or expensive to obtain in the laboratory 
[28]. For representing the flow pattern over a 
spillway, the commercial software of Fluent-2D and 
Flow-3D are widely used to solving the continuity 
and unsteady 3-dimensional Reynold averaged 
Navier Stokes (RANS) equations. The classic 
formulations of continuity and RANS equations are 
depicted in equations (1) and (2): 
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∂xi

= 0 … … … … … … … … … … …    … … … … … … (1) 
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 Where uj is the average velocity of cartesian 
components; xj are cartesian-coordinates (j = 1, 2, 
3); p is pressure; t is time; ρ is density; and ν is 
dynamic viscosity. The 𝑆𝑖𝑗  denote to the strain rate 

tensor; and 𝜏𝑖𝑗  denote to the Reynolds stress tensor 

[29,30]. 

Both programs used Finite Volume Method 
(FVM) to solve the governing equations of flow over 
spillways [31,32]. Broadly, the FVM method is more 
popular than the Finite Difference Method (FDM) 
and Finite Element Method (FEM) in the hydraulic 
field [5]. The reason is the FVM requires less time-
consuming in computational effort than the FEM. On 
the other hand, the used FDM method has required 
a structure meshes, whereas the FVM method 
contains various types of mesh to represent 
different computational domains [33]. Different 
turbulence closure models are available in both 
platforms including the standard k-ε, RNG k–ε, k–ω 
models. The RNG (k–ε) model is used in the present 
study for both models because it is more 
appropriate in the flows on surfaces with large 
curves [34]. The Flow-3d commercial software was 
developed by Flow Science Company. This program 
contains the Volume of Fluid (VOF) technique [35] 
for treating free surfaces. In the VOF algorithm, the 
interface of tracking between the water and air for 
treating free surfaces give value from one to zero for 
each cell in the computation domain [36]. The 
FAVOR (Fractional Area Volume Obstacle 
Representation) is an algorithm for precisely 
defining and inserting the model shape into the 
governing equations developed by Hirt and Sicilian, 
(1985) [37]. It should be noted that the 
effectiveness of this method increases with 
increasing mesh smoothness. The Fluent program 
which developed by Ansys Company is the second 

2.  Numerical models  
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platform was used in the present study. The Fluent 
platform has been used in 2-dimensional (2D) 
domain, due to the enormous time typically spent in 
the simulation when modelling in 3-dimensional 
(3D). Although the comparison between the two 
platforms are unjust; Al-Hashimi et al., [38] 
conducted a numerical study using Fluent codes in 2 
and 3D to simulation flow over weir; their result 
indicated that the comparison of 2D result gives 
reasonable agreements with 3D domain. Table 1 
summarizes the settings for both platforms. It is 
worth mentioning, the Fluent software has two 
models for accurately representing the multiphase 
flow; the first namely a mixture-multiphase-flow 
model (MMF) and the second is the volume of fluid 
model (VOF). Al-Zubaidy and Alhashimi, [12] state 
that VOF model is more accurately than the MMF 
model, especially for simulated velocity profiles. 

Table 1. Summary of used numerical models. 

Information Fluent-2D Flow-3D 

Turbulence model RNG (k-e) RNG (k-e) 

Mesh type 2D- Triangular 

3D-Hexahedral 

(uniform 

meshing) 

Time step and 

total time 
0.1; 30 second 

Automatic; 30 

second 

Solving method 
Finite volume 

methods 

Finite volume 

methods 

Free surface 

treatment 
VOF method VOF method 

 

Meshing or grid generation consider the second 
essential step of preprocessing after geometry 
constructer for both platforms, and it is a crucial 
consideration for the success in attaining the 
numerical solutions to the governing equations of 
the CFD problem. It accounts for almost 60% of CFD 
works. A mesh can be classified according to various 
norm. Depended on the cell shape, the grid can 
classify into triangle or quadrilateral grids in a 2D-
domain, and tetrahedral, pyramid, triangular prism 
or hexahedral meshes in a 3D-domain. Or grid can 
be categorized into the structured or unstructured 
(non-uniform) mesh, depending on the nature of the 
cell connection with the neighbouring cells [29].  

The structured grids (also namely uniform 
mesh) are most commonly used within the 
hydraulic engineering field, due to it often be more 
efficient in terms of exactness, CPU time and 

memory requirement, whereas caution should be 
considered when using unstructured mesh because 
the rapid change in the cell sizes can reduce the 
numerical accuracy [27]. Add also, CFD programs 
using uniform meshes are usually faster and require 
less memory than programs using unstructured or 
non-uniform meshes. Daneshkhah and Vosoughifar, 
[39], mentioned that ogee spillway considered 
curved in shape, thus it is recommended to use the 
structural mesh to minimize the relative error of 
flow parameter and optimize the numerical solution 
time.  

In Fluent software, there is a great difficulty to 
establishing a uniform mesh having the same cell 
sizes in all domain.  The reason is the nature of the 
ogee spillway curved (see Fig. 1). Therefore, the grid 
size must be very small to obtain a uniform mesh, 
this means an increase in computational cost. Put 
differently, the Fluent program relies on the mesh to 
determine geometry boundaries and the 
computational field, thus, a uniform meshes cannot 
be easily obtained, due to the spillway curve. In 
contrast, Flow-3d codes have a cartesian mesh can 
be defined as uniform or non-uniform planes, where 
all cells are perfect cubes in a uniform plane with 
∆x = ∆y = ∆z [32]. This is supported by the FAVOR 
method, which is used for determining the 
boundaries of geometry separately from the 
computational grid. Hirsch [40], declared uniform 
cartesian meshes represent the ideal solution from 
the accuracy view point and they should be used 
whenever possible. In summary, when curved 
surfaces are present as spillway surface, there are 
two options; either remain the grids in the cartesian 
structure (as used in Flow-3d program), or move 
away from the perfect and make a grid adjacent to 
the curved solid surface (as used in Fluent codes). 
The first option reduces the required number of 
cells to get a uniform mesh and consequently 
reduces the simulation time as opposed to the 
second option, it requires a larger number of cells to 
access the structure grids (see Fig. 1). 

On the whole, the sensitivity analysis for both 
programs are performing to the determination of 
the suitable cell size and achieves the model results 
independence from the imposed cell size. Triangular 
and hexahedral grids have been imposing for 
Fluent-2D and Flow-3d, respectively. It is worth 
noting, Fluent-2D triangular grid produces a 
tremendous effective result from implementing a 
rectangular mesh for establishing a computational 
domain as more uniform mesh. A sensitivity 
analysis was run with five mesh sizes of 100, 50, 35, 
20 and 10 cm for both platforms. The quantitative of 
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data of velocity distribution at ogee spillway crest is 
present in Fig. 2. As shown, the 10 cm optimum size 
of the grid is select base on the sufficient accuracy 
and computational time for Fluent-2D platform, 

whereas 20 cm cell size has been imposing for Flow-
3d. 

 

 

Fig. 1. Grid generation and boundary conditions for spillway model. 
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Fig. 2. Mesh sensitivity analysis: a) velocity distribution for Fluent-2D b) velocity fit-curve for Flow-3D. 
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As shown in Fig. 1, there are four different 
boundaries (X(min), X(max), Y(min) and Y(max)) in 
2D-domain and add two boundaries (Z(min) and 
Z(max)) at 3D-domain, which must be precisely 
defined. Where x (min) means the spillway 
upstream; x (max) is downstream of spillway; and y 
(min), y (max), z (min), and z (max) are bottom, top, 
right and left of spillway indirect the fluid flow, 
respectively. In Present study, the boundary 

condition defines as indicate in Table 2 for both 
platforms. Where wall boundary denotes a non-slip 
condition and the outflow represents the amount of 
water out from spillway (determines automatically). 
The top of the domain is air; therefore, it was 
traditionally defined as specified pressure with the 
fluid fraction equal zero (free surface). The 
upstream boundary condition (x (min)) has been 
selected as inflow rate (depending on water head 
and discharge values) with four cases as illustrates 
in Table 3. 

 

Table 2. Boundary conditions that using for both numerical models. 

Platform X(min) X(max) Y(min) Y(max) Z(min) Z(max) 

Fluent-2D Inflow Outflow wall Specified Pressure  wall wall 

Flow-3D Inflow Outflow wall Specified Pressure  - - 

Table 3. Upstream boundary conditions values. 

Run 1 2 3 4 

Flow rate (m3/s) 666 813 1360 1803 

Flow depth (m) 1.25 1.4 1.94 2.32 

The simulation has been performed for Thirty 
seconds for four cases and all the hydraulic 
information including velocity, pressure and water 
depth are available. The main objective of the 
simulation is to accurately compare the results of 
both codes to determine the convergence of data 
between them.  

Fig. 3 demonstrates that both platforms values 
provided similar velocity and pressure values at the 
spillway crest. As mentioned earlier, the Flow-3d 
program used a Cartesian structure of the grids and 
depended on FAVOR method to determine the curve 
of the spillway. The use of this method led to a 
contraction in the size of the model. For example, 
the ogee spillway was 10 meters in height. After the 
simulation, the height of the spillway has been 
reduced to 9.85 meters (see the lowest value of 
Flow-3d in Fig. 3a). By contrast, the Fluent-2D 
program instantly recognizes geometry with high 
accurately, against the significant increase in 
simulation time. Therefore, it can be said that the 
curves for both velocity and pressure are exactly the 
same for both platforms. 

0 1 2 3 4 5 6 7

9.5

10.0

10.5

11.0

11.5

12.0

12.5

Velocity (m/s)

D
ep

th
 (

m
)

Fluent-2D

Flow-3D

0 2000 4000 6000 8000 10000

9.5

10.0

10.5

11.0

11.5

12.0

12.5

Pressure (Pa)

D
ep

th
 (

m
)

Fluent-2D

Flow-3D

a) b)

Fig. 3. Comparison between Fluent-2D and Flow-3D software at spillway crest for a) velocity distribution b) pressure distribution 
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To investigate of both model’s accuracy in 
predicts flow pressure. The Mandali dam was 
selected as a case study. The Mandali dam is one of 
the small dams that was built for irrigation 
purposes. It is located in the east of Iraq in the 
governorate of Diyala (33°47'4.98"N, 
45°35'34.51"E) [41]. Table 4, clearly summarizes 
the accuracy of both platforms according to physical 
model data of Mandali dam. The Flow-3D yields 
better accuracy results than the Fluent-2D in the 
estimations of pressure head with 2.17 and 6.23% 
maximum errors, respectively.  

Table 4.  Comparison of piezometer reading for both models 
with physical model at 1823 m3/s discharge. 

Poin

t 

laborator

y data 

Fluent-2D Flow-3D 

Value 

(m) 

Error 

(%) 

Value 

(m) 

Error 

(%) 

1 20.63 20.76 0.78 20.6 0.15 

2 20.62 20.73 0.53 20.62 0 

3 20.25 20.26 0.05 20.25 0 

4 19.9 19.8 0.2 19.76 0.7 

5 19.42 19.03 0.52 19.13 1.49 

6 17.69 17.34 0.4 17.41 1.58 

7 14.76 14.33 0.76 14.44 2.17 

8 11.79 12.28 6.23 11.56 1.95 

Note: The zero reading of the piezometer was 160 m a.s.l. 

The relative error percent (REP%) and square 
error of root mean (RMSE) using Eqs. (3) and (4), 
respectively, are present in Fig. 4 for different 
discharge values. Where Pm and Ps are the pressure 
head of the experiment and simulation results of 
both codes, respectively [42].  

RMSE% = 100 ∗ √
1

N
 ∑ ( 

Pm − Ps

Pm

 )
2N

i=1

                       (3) 

REP% =
100

N
∗ ∑ | 

Pm − Ps

Pm

 |
  

                                     (4)

N

i=1

 

 

Fig. 4. RMSE and REP values for both numerical models with 
laboratory data. 

According to Fig. 4, the Flow-3D platform is 
better numerical models when comparing with 
Fluent-2D. Regardless, these differences in both used 
platforms are small, and the results are very close to 
each other. 

In turbulence simulation over stilling basin of 
Mandali dam, the maximum turbulent kinetic 
energy value is almost equal in both codes (range 
from 6 - 6.9 J/kg). As seen in Fig. 5, both models 
succeed in accurately predicting of the immediate 
location of the kinetic energy of turbulent (at the toe 
of spillway).  

In the attempt to extract the water level over 
spillways, the researchers (Al-Qadami et al.; Dolon 
Banerjee; Kumcu; Shahheydari et al.; Shojaeian et 
al.; and Yildiz et al.) [11,18,20,43–45] stated that an 
excellent result could be obtained from numerical 
models when compared with laboratory results. Fig. 
6. illustrates the results accuracy of free water 
surface simulation for different discharge values. At 
all discharge values, the Fluent-2D program gives a 
higher head level values than Flow-3d at the stilling 
basin, whereas the similar results have presented on 
the overflow surface. It is due to the severe 
turbulence in the stilling basin. A singular point of 
head measurement in the stilling basin of the 
physical model is added to accurately compare with 
both numerical results. Both models predicted 
results with reasonable accuracy in water level 
simulation. It should be noted that an exact head 
level of both models can be obtained based on the 
determination of the outflow boundary conditions 
as pressure specified (by set the water original level 
of the laboratory channel downstream). 
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Fig. 5. Comparison of the turbulent kinetic energy changes between two platforms. 

 

Fig. 6. Comparison of changes in the water head level between two platforms. 
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With the development of computational fluid 
dynamics, it has become straightforward to simulate 
large hydraulic installations at a reasonable time 
and cost. The Ansys Fluent and Flow-3D platforms 
are most widely used in the hydraulic engineering 
field to simulation flow patterns over spillways. The 
present study attempts to get important hydraulic 
parameters like velocity profile, head of water, 
pressure distribution, and turbulent kinetic energy 
to show the difference between Fluent-2D and Flow-
3D. Moreover, laboratory data have been used to 
validate the results. The mesh sensitivity analysis 
for both programs has been performing to the 
determination of the suitable cell size. Both models 
agreed on the results of the velocity and flow depth 
distribution with a slight difference in the values of 
the pressure distribution over chute spillway. Both 
models also succeed in locating the immediate 
location of the turbulent kinetic energy as well as a 
slight difference in the water level in the stilling 
basin. This paper encourages engineers to conduct 
calibration using both programs to confirm their 
results, instead of relying on laboratory models. 
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