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 Measurement of discharge in open channels has been a classical topic of interest 
to many engineers. Sharp crested weirs are among the oldest and most 
convenient hydraulic structures that have been used in this field. Also, 
nowadays with the development of computers; attentions to numerical models 
have been increased and we can simulate turbulent flow using advanced 
numerical methods. These methods are useful to water surface profile, flow rate 
and some other coefficients. Computational Fluid Dynamics commercial 
software such as FLUENT is applicable and strength tool to evaluate mentioned 
parameters. The aim of this research is three-dimensional simulation of flow on 
rectangular sharp crested weirs with side contraction and without side 
contraction, using FLUENT software. For multiphase flow simulation, VOF 
method is used and for simulation of turbulent flow, RNG k-ε turbulence model 
is used and the result of numerical model is compared with experimental data. 
The results of this study indicate that: FLUENT simulate flow on rectangular 
sharp crested weirs with high accuracy and for constant H/P ratio, by increasing 
the weir crest width; amount of discharge coefficient would increase. 
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INTRODUCTION 

 
Measurement of discharge in open channels is one of 

the main concerns in hydraulic engineering. The 
structures used for this aim should be accurate, 
economical and easy to use. Sharp crested weirs are 
among the oldest and most convenient hydraulic 
structures that have been used in both laboratory and field 
for flow measurement in open channels. A sharp crested 
weir is defined as an obstruction in open channel that 
water must flow over and is used as an indirect method for 
obtaining the flow rate based on the; weir geometry and 
head on the weir crest (King and Brater, 1963). In general, 
for a weir to be considered sharp crest, the top thickness 
of the crest and side plates should be between 1 and 2 
(mm). If the plates are thicker than specified, the plate 
edges need to be beveled to an angle of at least 45° to 60° 
(Bos, 1989). 

Suppressed sharp crested and contracted sharp crested 
weirs comprise sharp crested weir types. Contracted sharp 
crested weir reduces the channel width in the direction 
perpendicular to the water flow while in suppressed sharp 
crested weirs crest width is equal to bottom width of the 
channel (Bos, 1989). 

In this study flow over rectangular sharp crested 
weirs within various values of the weirs crest width (b) is 

simulated as three-dimensional, using Mousavi’s (2012) 
experimental data and FLUENT software and finally 
numerical results have been compared with the 
experimental values. 

A rectangular notch, symmetrically located in a 
vertical thin plate, which is placed perpendicular to the 
sides and bottom of a straight channel, is defined as a 
rectangular sharp crested weir (Bos, 1989). Figure (1) 
shows the section of weir along the flow, which is used in 
this study. 
Researchers have conducted many studies to develop the 
flow rate equations in rectangular sharp crested weirs. 
Flow rate equations in sharp crested weirs usually are 
achieved by the integration of the flow elements strips 
over the weir crest. The conventional weir equation is 
considered in the form (Bos, 1989): 
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2 HbgCQ d=                                                       (1) 

 
 In which Q is the weir discharge, Cd is named as the 
discharge coefficient assumed to represent all effects   that 
are not taken into consideration in the derivation such as 
viscous effects, streamline curvature due to weir 
contraction, three-dimensional flow structures in the 
vicinity of the weir plate and surface tension, g is 



Inter J Agri Biosci, 2015, 4(2): 83-86. 
 

84

gravitational acceleration, b is the weir crest width and H 
is the head over the weir. 

With the advancement of science and knowledge and 
development of computers, attentions to numerical 
methods also have been increased. Nowadays, fluid flow 
simulation in open channels is possible by using 
Computational Fluid Dynamics commercial software such 
as FLUENT. A review of the literature shows that little 
effort has so far been made to study the numerical 
modeling of flow over sharp crested weirs. 

Ramamurthy et al. (2009) simulated flow on 
rectangular sharp crested weirs in the form of three-
dimensional by using Flow3D software. They have used 
the Volume of Fluid (VOF) and k-ε methods for flow 
simulation. Ramamurthy et al. (2009) study results 
showed that the values obtained from Flow3D software 
has a high degree of accuracy, because numerical and 
experimental data match well with each other.  

Ferrari (2010) simulated the overtopping flow over a 
sharp crested weir, by a new Smooth Particle 
Hydrodynamics (SPH) scheme. The SPH method is a 
meshless particle scheme; based on the lagrangian 
approach and has been used for the first time by 
Monaghan (1994) for the solution of free surface flow 
problems. In this study, Ferrari (2010) concluded that 
there is a good quantitative agreement between the 
numerical SPH simulations and the experimental data. 

Rady (2011) simulated free flow over the rectangular 
sharp crested weir using Flow3D software and in two-
dimensional and three-dimensional modes. In numerical 
models; he used VOF method and RNG k-ε turbulence 
model. Study results of Radi (2011) showed that for 
different values of the weir height, Ht / P parameter (in 
which Ht is specific energy upstream of the weir and P is 
weir height), has the greatest impact on the flow rate. In 
addition, discharge coefficient which is calculated for 
rectangular sharp crested weirs is equal to constant value 
of 0.64. 

Arvanaghi and Nasehi Oskuei (2013) modeled the 
flow over the rectangular sharp crested weirs by using 
FLUENT software and as two-dimensional. They have 
done studies on the suppressed rectangular sharp crested 
weirs. Comparison of experimental and numerical results 
showed that; there is a good agreement between them and 
FLUENT software has the ability to simulated flow over 
the rectangular sharp crested weirs with high accuracy. 
Arvanaghi and Nasehi Oskuei (2013) have reached the 
conclusion that in the range of H/P >0.6 discharge 
coefficient for rectangular sharp crested weir is equal to a 
constant value of 0.7. 

Samadi et al. (2014) simulated flow on semi 
cylindrical weirs via FLUENT software. They have used 
the VOF and k-ε methods for flow simulation. Study 
results of Samadi et al. (2014) showed that the results 
extracted from FLUENT software has a good adaptation 
with experimental data. 

 
MATERIALS AND METHODS 

 
In this research, by using FLUENT software and 

based on continuity and momentum equations, variations 
of flow depth at upstream of the rectangular sharp crested 
weirs is simulated as three-dimensional. Then within data 

which obtained from numerical model, discharge 
coefficient value is calculated for different types of weirs. 
In order to simulate multiphase flow, VOF method has 
been used and RNG k-ε turbulence model has been used 
for simulation of turbulent flow. Figure (2) shows the 
weirs cross sections which used in this study. As it can be 
seen weirs crest width (b) are 25, 20 and 15 (cm), 
respectively.   

It should be mentioned that in this research; for 
assessing the accuracy of numerical results with 
experimental data, Relative Average Error (RAE) method 
is used. The equation is as follows:  
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At equation (2), hEXP is head over the weir in physical 
model, hCFD is head over the weir in numerical model and 
N is total number of data. 
 
Numerical model 

As mentioned before; in this study numerical 
modeling was done using FLUENT software. The 
FLUENT is general-purpose Computational Fluid 
Dynamic (CFD) code, which is used by several 
researchers worldwide. This software by converting the 
governing equations to algebraic equations using finite 
volume method; solves two-dimensional and three-
dimensional problems in open channel flow (Anonymous, 
2006).  

Also it is possible to solve continuum and momentum 
equations so called Novier-Stocks equations around sharp 
crested weirs. The governing equations of our interest are 
unsteady incompressible two-dimensional continuity and 
Reynolds-averaged Novier-Stocks equations (RANS) for 
liquid and air (Anonymous, 2006): 
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In these equations ρ is fluid density, u is velocity 

components, x is space dimensions, t is time, p is 

hydrostatic pressure, µ is dynamic viscosity, 
_____

'' ji uu is 
Reynolds stress tensor and δij is crooner delta. 
It should be noted that, in this study the geometry design 
of models and their meshing was done using GAMBIT 
software. Figure (3) shows the meshing of models.  

Also, in order to choose the best meshing, multiple 
meshing is evaluated. The result of this evaluation is 
mentioned as Figure (4). According to this figure the 
meshing count of 15200 is chosen for the optimum meshing.  

After meshing, boundary condition is defined for the 
model. Figure (5) shows the boundary conditions for the 
models. In this paper the walls of the channel and 
combined weir defined by Wall boundary condition, water 
depth at the entrance and freeboard of channel defined by 
Velocity inlet condition and output stream page is defined 
by Pressure outlet condition. 



Inter J Agri Biosci, 2015, 4(2): 83-86. 
 

85

Table 1: The relative error of water depth in upstream of the weir 
b (cm) RAE of water depth in upstream of the weir (%)

25 1.14 
20 1.60 
15 2.01 

 

 
 
Fig. 1: Section of weir along the flow 

 

 
 
Fig. 2: Sections of rectangular sharp crested weirs 

 

 
 
Fig. 3: Weir model and meshes in gambit software 
 

 
 
Fig. 4: Relative error ratio of water depth in upstream of the 
weir crest for different amounts of meshes 
 

 
 
Fig. 5: Boundary conditions imposed on the model 

 
 
Fig. 6: Ratio of flow rate variations - water head for suppressed 
rectangular sharp crested weir b=25 (cm) 
 

 
 
Fig. 7: Ratio of flow rate variations - water head for contracted 
rectangular sharp crested weir b=20 (cm) 
 

 
 
Fig. 8: Ratio of flow rate variations - water head for contracted 
rectangular sharp crested weir b=15 (cm) 
 

 
 
Fig. 9: Discharge coefficient changes for various values weir 
crest width 
 

RESULTS AND DISCUSSION 
 

Water surface profile 
At Figures (6) to (8), ratio of flow rate - water head 

for rectangular sharp crested weirs for various values of 
the weir crest width (b) is presented.  

Table (1) also represents relative error percent of 
water depth in upstream of the weir crest. 

According to Figs (6) to (8) and Tab (1) it can be said 
that; for various values of the weir crest width, if H/b > 
0.46 results of numerical model had a good agreement 
with the experimental data and water depth relative error 
in upstream of the weir was less than 1%. 
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Due to; relative error of the water depth in upstream 
of the weir crest it can be concluded, flow over 
rectangular sharp crested weirs with side contraction and 
without side contraction, was simulated within high 
accuracy. Now; by using data of water depth in upstream 
of the weir crest which obtained from numerical model, 
discharge coefficient in rectangular sharp crested weirs for 
multiple values of the weir crest width is calculated. 
 
Discharge coefficient 

Figure (9) shows the changes of discharge coefficient 
on rectangular sharp crested weirs with side contraction 
and without side contraction. It should be noted that, 
amount of Cd is determined using equation (1). 

According to this figure it can be said that; in the 
range of H/P> 0.42, Cd coefficient for b= 25(cm) is equal 
to 0.64, for b= 20(cm) is equal to 0.62 and for b= 15(cm) 
is equal to 0.60. 
 
Conclusion  

Rectangular sharp crested weir is one of the flow 
measuring tools which are usually used in irrigation and 
drainage channels. In this research flow over the 
rectangular sharp crested weirs with side contraction and 
without side contraction is simulated; using numerical 
model. Results of this study indicate that; FLUENT 
software has simulated the flow over rectangular sharp 
crested weirs with high accuracy and the relative error of 
water depth in upstream of the weirs crest is less than 
2.01%.  

In the range of H/P> 0.42, Cd coefficient for               
b= 25(cm) is equal to 0.64, for b= 20(cm) is equal to 0.62 
and for b= 15(cm) is equal to 0.60. So it can be said that, 

for constant H/P ratio by increasing the weir crest width, 
amount of discharge coefficient would increase. 
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