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Abstract  

Cylindrical weir is one of the hydraulic structures model that due to simple design, 

ease of floaters passage and sustainable pattern of flow is widely applied. In this 

article, flow over the cylindrical weir with 7.5 (cm) diameter on flume by 6 (m) 

length was modelled in Flow-3D software as three-dimensional and the results 

were compared with the physical model, also the results of three turbulence models 

LES, RNG and k-Ɛ were compared and it was found that the results of K-ε 

turbulence model best fit the results of the physical model. Root Mean square Error 

of comparing the numerical discharge coefficient with physical quantities was 

obtained 0.3427, which represents a good agreement hydraulic characteristics 

obtained from numerical and physical model, it was also observed, cylindrical weir 

discharge coefficient values is greater than 1. 

 

Keywords: Discharge coefficient, cylindrical weir modelling, Flow-3D, k-ε 

Turbulence model. 

 

 

Introduction  

weirs are one of important hydraulic structures that generally are used to control the level of 

water in the upstream or accurate measurement of flow. Overpass or weir 

structures,depending on local conditions and hydraulic properties can be designed in different 

ways. ogee weir and broad crested weir that second type use in short structures, usually in 

dam body are used.Use of the cylindrical weir end of the 19th century before creation of ogee 

weir became common [1]. Convexity of cylindrical weir wall causes formation of curved flow 

lines, and therefore makes it more economical, easier to design and build this type of 

overflow,and higher discharge coefficient in compare with rectangular, triangular and other 

overflows [2]. other uses of this weir types are rolling gates and rubber dam which at high 

flows is more economical [3]. Flow3D is one of very powerful models in the field of fluid 

dynamics models, which includes physical patterns such as turbulence, porous environments, 

scouring and so on.this software is able to analyses 2D and 3D fluid field in the form of 

volume, and uses three-dimensional orthogonal elements. 

 Johnson and Montes (1998) examined the behavior of the flow on cylindrical weir,Their test 

results showed that by increasing total load of upstream, discharge coefficient increases [4]. 
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Chonrong, L., A. Huhe, and M. Wenju, [2002] studied the flow on circular weir numerically 

and experimentally. Modeling was done by using k-Ɛ turbulence and VOF method [5]. 

In our country, Iran, Farsadi zadeh and associates (1387) studied the status of flow on the 

physical model of the cylindrical weir and compared the results with the results of Fluent 

numerical model simulation and found out that by increasing the load of water in upstream, 

discharge coefficient increases [6]. zahiri and associates (1391), simulated the flow on water 

channel and rectangular broad crest side channel spillway by Flow3D, and compared it with 

experimental results. This simulation was done by two turbulence models such as standard k-

Ɛ and RNG k-Ɛ. The results indicated that RNG k-Ɛ model has best compliance with the 

experimental flow rate and weir hydraulic conductivity [7]. Heidar pour and associates (1391) 

simulated the passing flow over the trapezoidal gated over flow in circular channel with 

Flow3D, and results show that Flow3D softwares, estimated the surface profile without 

surface tension in good accuracy[8]. 

According to the tests, few studies have been done on weir cylindrical modeling with Flow3D 

softwares. so in this study try to compare discharge coefficient of flow on cylindrical weir by 

using k-Ɛ turbulence model in Flow3D with physical model to be determined ability of this 

model in simulation of flows. 

 

Materials and Methods  

Theory of flow in the cylindrical weir is under the influence of kinematic, dynamic and 

geometric parameters and characteristics,Which is defined by equation (1). 
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Which in that, (B) is Channel width, (g) gravity, (µ) Dynamic viscosity, (s) Slope of the 

channel bottom, (ρ) fluid density, (σ) Surface tension, (δ) Compressibility factor, (R) Radius 

of the cylinder, (H) Water depth of upstream and (Hw) Water depth on weir. 

Solutions network in Flow3D models consists of a rectangular cube cells. using this solutions 

network because of the easy production of network, the proper order and less memory 

requires in that and secondly due to the use of two useful tools like VOF1 and Favor2 in 

Flow3D models, will be very useful. VOF and Favor are example of volume of fluid methods. 

VOF method is used when the flow surface is free [9]. All the cells aren’t full of fluid, and 

some of them in the fluid surface are half-full. Favor method is one of the volume of fluid 

ways,that using for simulate of surface and rigid volume such as geometric borders [10]. 

Mass continuity equation,generally is in the form of equation (2). 
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Which in that, (vf) volume fraction of fluid,(ρ) Fluid density,( RDIF)turbulence distribution 

phrase,( RSOR)mass source. Speed components(u,v,w) are in (x,y,z) directions. Ax , Ay و Az  
are Surface fraction of fluid in x,y,z directions and R Coefficient is related to Coordinate 

system. Corrected continuity equation comes in the form of equation (3). 

                                                
1 Volume of Fluid 

2 Fractional Area-Volume Obstacle Representation 
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K-ε turbulence equation including transport equation for kinetic energy and its dissipation. 

Transport equation for the dissipation of turbulence, ƐT according to Equation (4) is defined. 
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In equation (4), CDIS1, CDIS2 and CDIS3 are dimensionless parameters that their values are 

assigned by the user and for   model in respectively have 1.44, 1.92, 0.2 default values. 

Cylindrical weir is a kind of weir, so coefficient discharge in this weir as same as broad 

crested overflow can be achieved from Boss (1978) equation (5). 
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In equations (5), (Cd) is flow discharge coefficient, (g) Acceleration of gravity, (q) flow 

discharge of overflow unit width and (H1) water level in upstream. 

Root Mean square Error can be derived from the equation (6) and Mean Absolute Error can 
be derived form the equation (7). 
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In the equations (6) and (7), (N) is the number of data, (O) experimental values and (P) 

numerical values. 

 

Results and Discussion 

The requirement for building a structure across a river to provide necessary head for adequate 

delivery of water has been visualized by engineers for many centuries. A weir structure is an 

essential feature of many hydraulic structures such as dames, barrages, canal drops or falls 

regulators, cross regulators, etc.one of the hydraulic structures model that due to simple 

design, ease of floaters passage and sustainable pattern of flow is widely applied is 

Cylindrical weir. 

In this research, flow numerical models on cylindrical weir was simulated and results were 

compared with experimental results of Ghareh Gezlo (1391) [11]. Laboratory model for flow 

level in upstream weir and for free surface flow have been done. 

Simulations have been done in 7 different discharges and with k-ε turbulence model by 

Flow3D. For numerical model used a flume with 6 m length and 7.5 cm width and 14 cm 

height. Cylinder with 75 mm diameter was placed in the channel and modeling was done for 

different discharge in the range of 0.5 to 2 liters per seconds. Figure 1 is showing the 

experimental model schematically. 
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Fig. 1. Model simple shape. 

 

Volume flow rate in boundary condition for xmin in simulation were used, and for zmax surface 

is the free surface of fluid and for the side wall and channels floor is Wall and for surface in 

xmax is outflow. the initial value of fluid depth at beginning of the modelling is in full mode. In 

Figure 2, three-dimensional view of the channel is displayed. 

 

 

 
Fig. 2. Three-dimensional view of experimental channel. 

 

In the simulation, were used 2 models with 300850 and 344448 meshes, According to the 

results and compared them with physical modelling, by reducing the number of mesh to 

300850, error increases, so for simulation used 344448 number of mesh as optimal 

mesh.because of the importance of hydraulic characteristics in the z direction compare to the 

other directions, smaller mesh were used in this direction.the error values of discharge ,  

discharge coefficient and (Hw/R) are calculated with RMSE, MAE and correlation coefficient 

(R2) , the results for discharge is RMSE= 0.0755, MAE=0.05133 and R2 =0.9872 and for 

discharge coefficient is RMSE=0.3427, MAE=0.3006 and R2 =0.9367 and also for (Hw/R) 

RMSE=0.2417, MAE=0.2269 and R2 =0.9053 is resulted.  

In the cylindrical weir modelling used three model, turbulence models k-Ɛ, RNG, LES. The 

error obtained from the simulation with this turbulence models show that k-Ɛ turbulence 



 

5 

 

model, leads to better results and the output of numerical simulations with this model is more 

consistent with the physical results. 

The results of the physical model compared with flow simulation in Flow3D model according 

to dimensionless parameters. Changes in discharge shows in figure 3 in physical model and 

the Flow3D model, which represents a high compliance of flow in both condition with R2 = 

0.9872 (Regression). 

Then, in figure (4) changes of the (Hw/R) is shown in physical model and Flow3D model. 

Regression number in this situation is 0.9053, that it is near to number one, so it represents 

high compliance between physical model and Flow3D models. the relationship between the 

entrance discharge to the flume and the discharge coefficient shown in figure (5) and indicates 

that the linear relationship between these two parameters. 

 

 

 

 

 

 

 

 

 

      

Fig. 3. Experimental and numerical discharge comparison 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. Experimental and numerical (Hw/R) comparison. 

 

 

 



 

6 

 

 

Fig. 5. Linear relationship between the entrance flow and flow coefficient. 
 

Flow coefficient of physical model was compared with numerical model in figure(6), and the 

regression number is 0.9367 that is shown there are high conformity between numerical and 

experimental data, also the discharge coefficient progressively becomes greater than one. 

Figure (7) shows changes in discharge coefficient in comparison with HW/R, by observing this 

shape, it becomes clear that, with increasing water depth on weir ، discharge coefficient is 

increases too. 

 
Fig. 6. Experimental and numerical flow coefficient comparison. 
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Fig. 7.Discharge coefficient changes compared to Hw/R. 

Conclusion 

Scrutiny the values of discharge coefficient shows that, Cd increased with increasing 

discharge and in cylindrical overflow its quantity tend to number one. between different 

models of turbulence [RNG, LES, k-ε] in the results of the k-ε turbulence model in Flow3D 

can be seen that there is a better conformity with the experimental model and with fewer 

errors. The results of the numerical model reveals that Discharge coefficient increases with 

increasing (HW/R). therefore, discharge coefficint with increasing the overflow  water depht  

increases. relative error of comparing the resultant discharge coefficient of the numerical 

model with physical quantities is 2.71 percent.the results indicate high conformity between 

numerical and physical model. Therefore, comparing the results of the physical model with 

Flow3D model, shows that the Flow3D has high accuracy. 
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