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Abstract. A spillway is one of the most important features of a dam. It should be able to allow
flood discharge to flow and keep its structure stable. The force impacting a spillway is great;
hence, it needs a proper design. The design philosophy of a spillway is to maximize its
discharge while keeping the water level in the dam low. The discharge capacity of a spillway is
mostly predicted based on empirical data derived from idealized conditions with laboratory
experiment. To determine actual capacity, a physical test model is usually utilized. However, a
physical model needs large amounts of space and time to prepare. Computational Fluid
Dynamics (CFD) offers an interesting method to predict spillway capacity with less time and
resources. In this paper, a simulation of flow over an Ogee spillway was performed using the
open-source CFD platform called OpenFOAM. The flow is simulated based on the Volume of
Fluid (VoF) method to resolve the dynamics of free surface. The simulation results show a
good agreement with experimental measurements and the USBR method of calculation.

Keywords: CFD, OpenFOAM, Spillway, Free surface

1. Introduction
A spillway is considered a critical structure in a dam. Its capability to allow flood to flow is important
to avoid failure in the dam structure. Generally, a spillway is designed based on the weir principle,
where the flow rate is determined by the discharge coefficient Cd, spillway width B, and upstream
energy height He. The spillway geometry is often limited by the site conditions; hence, to optimize the
flow rate, a high discharge coefficient is important. Several shapes of the spillway are designed to
optimize the Cd, with one popular shape being the Ogee shape. This is designed based on the water
nappe on a sharp crested weir.

Spillway design guidelines are usually based on an empirical formulation for determining the
discharge coefficient, with the most often used being from USBR [1] . The discharge coefficient is
mostly determined by the spillway shape, with several assumptions made for the idealized condition.
However, when applied on the field, some of the assumptions could be violated, and a physical model
is needed to ensure the accuracy of spillway discharge capacity.

In recent times, the advancement of CFD code and computation resources provides an interesting
alternative to aid spillway design by using numerical models to give a more accurate representation.
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However, this approach is challenging, because the flow in the spillway will consist of supercritical
flow and hydraulic jump, which will need a correct calculation of free surface dynamics. Despite its
difficulties, previous studies have shown great results in employing numerical models to predict flow
discharge. Numerical simulation of an Ogee spillway in 2D using the commercial code of Flow3D [2,
3] based on the multiphase Volume of Fluid method shows a good agreement of water surface
elevation and pressure compared with the experiment. Another study implemented the ADINA
numerical model [4] , wherein the free surface dynamics are calculated using a mesh deformation
method. Although it showed promising results, tracking the free surface using mesh deformation was
difficult for a rapidly varying flow problem.

In this paper, an open source CFD toolbox called OpenFOAM® is applied to an Ogee-shaped
spillway model. The multiphase interFoam solver is applied to the model for free surface dynamics
with a shape-fitted mesh to represent the spillway. The numerical simulation is compared with the
rating curve from experimental measurements and the USBR calculation method in order to see its
capabilities as a designing tool.

2. Materials and Methods
The spillway discharge is calculated based on the general discharge formulation for a weir, given as:

� Ⳡ ఻�����

where Q is the spillway discharge (m3/s), B is the width of the spillway (m), and H is the water head
behind the spillway (m). C is the discharge coefficient which dependent on the spillway characteristic
(m0.5s-1). The empirical discharge coefficient for an Ogee spillway is given in the manual by United
States Bureau of Reclamation [1]. The Ogee spillway is designed using a planned water level of 10 cm.

2.1 Experimental Setup
An experimental measurement was conducted in the Laboratory of Hydraulic and Coastal Engineering
of ITS in a flume with a width of 80 cm and a height of 50 cm (Figure 1). The discharge flow was
supplied using two pumps with capacities of 13 l/s and 20 l/s respectively. The discharge was
measured using a suppressed rectangular weir with a width of 47 cm. Water level was measured using
a point gauge along the spillway crest.

Figure 1. Experimental set up

2.2 Numerical Model
The numerical model used in this work is based on the Volume of Fluid (VoF) method [5] for solving
a free surface dynamics problem. The governing equation is based on the Reynolds-Averaged Navier-
Stokes (RANS) equations for incompressible flow:
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where U is fluid velocity, p is pressure, μ is dynamic viscosity, g is acceleration due to gravity, R is the
Reynolds tensor stress, and f is surface tension. The VOF model takes into account two phases of
fluid – water and air – by means of the volume fraction α that is advected based on fluid velocity,
following the work from Rusche [6]:

0)1( 

 

rt
UU (3)

Ur is the artificial compression velocity to avoid a mixing between two phases. The turbulence was
modelled using the k-ε model as utilized by one study [7] . The numerical model was based on
experimental observations. The numerical model domain is 3D, but only uses half of the spillway,
assuming the flow is symmetrical. Two types of mesh were tested with maximum cell size Δx = Δy =
Δz = 1 cm (coarse) and 0.5 cm (fine). The mesh was generated using cfMesh [8] as shown in Figure 2.
For this test, an inflow discharge of Q = 15 l/s was applied in the inlet patch of domain. The outlet
patch was set using a zero gradient velocity condition. A smooth wall condition was used for the wall
function. The simulation was performed in a Newton cluster with a capacity of 40Tflops at Pôle de
Modélisation et Calcul en Science de l'Ingénieur et de l'Information (PMCS2I) in 'École Centrale de
Lyon.

(a) (b)
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Figure 2.Mesh configuration near the spillway for coarse mesh (a) and fine mesh (b)

3. Results and Discussion
The simulation was performed for 10 s using 32 CPU cores. The coarse mesh configuration took 1.61
hours to finish, while the fine mesh configuration took 39.13 hours. The location of free surface from
the simulation was not explicitly calculated in the model; instead, the free surface location was taken
as the location where volume fraction = 0.50. The water surface elevation results showed a good
agreement with the experimental measurement, although the experimental measurement gave a higher
water level than the CFD simulation (Figure 3). The difference between coarse mesh and fine mesh
was not significant, even though the fine mesh configuration took 24 times longer than the coarse
mesh configuration.

Varying the discharge in the experiment gave a consistent higher water level compared to the
method of the USBR manual. The CFD simulation showed a better agreement compared to the
calculation by the USBR manual (Figure 4).

Figure 3.Water level on the spillway for Q = 15 l/s

Figure 4. Ogee spillway rating curve
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The velocity pattern for simulation shows that the maximum velocity reach 2.4 m/s (Figure 5). The
experiment did not measure velocity, which makes a comparison impossible. The critical velocity Uc,

for Q = 15 l/s with 0.8 m flume width gave Uc = 2.35 m/s, located near the end of spillway. The
pressure acting on the surface of spillway shows low pressure on the spillway body (Figure 6).

Figure 5. Velocity pattern on the spillway

Figure 6. Pressure pattern on the spillway body

4. Conclusion
A numerical simulation for Ogee spillway was performed using the open source CFD code
OpenFOAM®. The simulation is based on the VoF method to take account of the free surface
dynamics. The results show a good agreement in the spillway rating curve compared to experimental
measurements and the USBR calculation method. The mesh configuration shows no significant
influence on the spillway rating curve. The numerical simulation is sufficiently accurate to be used in
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design tools, especially in the design iteration process. This may save time before testing the design as
a physical model.
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