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NUMERICAL CFD ANALYSIS IN A RADIAL DECANTER  

Bianca-Ștefania ZĂBAVĂ1, Gabriel-Alexandru CONSTANTIN2, Gheorghe 

VOICU3 

Sedimentation is a rather complex process, governed by a series of 

hydrodynamic phenomena such as: turbulent areas, bottom currents, surface 

currents, or even temperature fluctuations in the external environment or in the 

liquid mass. This paper presents the CFD numerical analysis in a radial decanter. 

Were obtained the maximum values for total velocity (0.93 m/s), average total 

velocity (0.81 m/s), dynamic pressure (447 Pa), fluid deformation rate (1.39 1/s), 

turbulent kinetic energy (1.38 m2/s2), and turbulence intensity (9.6 %). For the 

decanter analysed in this paper, which has values of turbulence intensity of up to 

9.6%, especially in the water supply area, it is recommended to increase the 

diameter of the supply pipe in the supply area, but keeping the flow rate. 
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1. Introduction 

Recently, CFD (Computational Fluid Dynamics) analyses are increasingly 

used in the study of the separation of any gas-liquid-solid mixture, the aim being, 

in general, to optimize certain equipment that works with such mixtures. It can be 

said that CFD is actually the science of predicting fluid flow, but also mass and 

heat transfer. Internationally there are a lot of software that perform such analysis, 

but the most used (at least in Europe), is Ansys, through the Ansys Fluent, Ansys 

Polyflow and Ansys CFX tools, [1,2]. Ansys Fluent software uses the finite 

volume method to solve the integral equations governing the conservation of mass 

and momentum, but also to determine scales, such as turbulence and solids 

concentration, [3,4].  

In 1977, Larsen developed the first 2D CFD clarifier model in order to 

simulate the flow field in a rectangular clarifier, a study in which he used a 

vorticity-flow function formulation in combination with a Prandtl mixing length 

theory for turbulent modelling, [5-7]. Over the last two decades, advances in CFD 

have enabled clarifier design optimization based on numerical simulation, [8-11]. 
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The aim of this study was to simulate the flow of a liquid-solid mixture 

inside a radial clarifier, in the feeding area. It should be mentioned that a 2D study 

of the flow analysis was done. 

In figure 1 a methodology for analysing the flow of the liquid-solid 

mixture is presented. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1. Methodology for analysing the flow of the mixture through the radial decanter  

 

The mathematical equations governing this study are presented below, [12-

15]. 

The continuity equation has the form: 
𝜕𝜌

𝜕𝑡
+ ∇ ∙ (𝜌𝑢⃗ ) = 0     (1) 

Momentum equation can be calculated with: 
𝜕(𝜌𝜗⃗⃗ )

𝜕𝑡
+ ∇ ∙ (𝜌𝑢⃗ 𝑢⃗ ) = −∇𝑃 + 𝜌𝑔 + 𝑓     (2) 

where t is time, ρ is the fluid density, u is the fluid velocity, P is the pressure in 

the system, f indicates the volume force exerted on the fluid, and 𝜗 is the dynamic 

viscosity of the fluid. 

The two equations governing the study must be solved simultaneously for 

the velocity of the fluids in the mixture to be obtained. In a standard mathematical 

model of analysis, turbulent kinetic energy has the form, [15]:  

COMPUTATIONAL DOMAIN MODELLING 

- 2D modelling in the “Design Modeler” module of the radial decanter by 

sectioning in its central area; Only the projection of the net volume of the 

decanter is modelled. 

ANALYSIS OF THE LIQUID-SOLID MIXTURE FLOW IN THE RADIAL DECANTER 

- Introduction of the drawing (after the mesh of finite volumes has been 

discretized) in the "Setup" module 

- Specifying the mathematical model that governs the flow and specifying 

the discrete phase (solid) in the main phase (liquid). 

- Specifying the materials in the mixture (using the Ansys library) 

- Specifying the boundary conditions. 

- Specification of calculation methods 

- Specifying the time conditions for the calculation (number of calculation 

steps, size of a step, number of iterative equations solved in a calculation 

step) 

- Rolling the calculus 
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and the dissipation rate is shaped by, [15]: 
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But, in this study, a mathematical model based on equations k-ε (turbulent 

kinetic energy - eddy viscosity) was used, as a result the turbulent kinetic energy 

equation has the form, [7]: 
𝜕𝜌𝜀

𝜕𝑡
+ 𝛻(𝜌𝑣𝑘) = 𝛻 (

𝜇𝑡

𝜎𝑡
𝛻𝑘) + 𝑃𝑘 + 𝐺𝑘 − 𝜌𝜀                          (5) 

and dissipation rate has the form, [7]: 

𝜕𝜌𝜀
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+ 𝛻(𝜌𝑣𝑘) = 𝛻 (
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𝜀

𝑘
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𝜀2

𝑘
 

(

(6) 

According to the dictionary of the American Meteorological Society eddy 

viscosity is defined as the turbulent transfer of impulse by the vortices that give 

rise to it due to the internal friction of the fluids, in a manner analogous to the 

action of molecular viscosity in a laminar flow, but everything taking place on a 

much larger scale, [16]. 

According to [15], the constants used in the above relations have the 

values: C1ε =1.42, C2ε =1.68, σt=1, Cμ=0.0845. 

The trajectory that solid particles dispersed in the primary fluid (water) 

have, it comes from the balance of forces acting on each particle.  
𝑑𝑢𝑝

𝑑𝑡
= 𝐹𝐷(𝑢 − 𝑢𝑝) +

𝑔𝑥(𝜌𝑝 − 𝜌)

𝜌𝑝
+ 𝐹𝑥                             (7) 

where Fx is an additional term for acceleration, and 𝐹𝐷(𝑢 − 𝑢𝑝) represents the 

drag force exerted on the particle. 

The drag force of the particle is determined by the relationship: 

𝐹𝐷 =
18𝜇

𝜌𝑝𝑑𝑝
2

𝐶𝐷𝑅𝑒

24
                                                        (8) 

where u, up, μ, ρ, ρp and dp represents the velocity of the fluid phase, particle 

velocity, fluid viscosity, fluid density, particle density and diameter.  
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 The relative number of Reynolds can also be calculated with the relation: 

𝑅𝑒 =
𝜌𝑑𝑝(𝑢 − 𝑢𝑝)

𝜇
                                                     (9) 

According to the literature [12], the coefficient of drag of the particle in 

the primary fluid, CD (from ec. (8)), falls within the Eulerian-Lagrangian 

reference. This coefficient changes with the variation of the Reynolds number in 

each finite volume in which the calculation is made, while the geometry of the 

computational domain, as well as the particle diameter remain constant 

throughout the process. 

𝐶𝐷,𝑠𝑓𝑒𝑟ă = {
0,424, 𝑅𝑒 > 1000

24

𝑅𝑒
(1 +

1

6
𝑅𝑒2/3) , 𝑅𝑒 < 1000

                           (10) 

The additional term for the acceleration of particles in the fluid, appearing 

in equation (7) and which is actually a fluid gradient of virtual weight force and 

pressure, can be calculated with the relationship: 

𝐹𝑥 = 𝐶𝑣𝑚

𝜌

𝜌𝑝
(𝑢𝑝⃗⃗ ⃗⃗ ∇𝑢⃗ −

𝑑𝑢𝑝⃗⃗ ⃗⃗ 

𝑑𝑡
)                                         (11) 

where Cvm represents the virtual weight coefficient, usually set to 0.5 in such 

analyses, [14]. 

The net force resulting from equation (7) must be equal to the inertia of the 

particle along the OX axis of the Cartesian system in which the geometric pattern 

is drawn. 

2. Material and method 

For this purpose, a laptop was used on which the Ansys 19.2 software was 

installed. A working session with the Ansys Fluent tool was opened in the 

program workbench.  

The operations necessary to perform the analysis are: realization of 

geometry, realization of the finite volumes mesh, specification of the 

characteristic elements of the analysis, exploration of possible solutions and 

finally visualization of the analysis results. All these steps were taken in order to 

perform the numerical study. 

Before starting the study, several simplifying hypotheses were decided: 

- the viscosity and density of the fluids are constant throughout the process; 

- fluid velocity at the wall is zero; 

- the velocity is constant along the entire length of the supply area;  

- the water discharge area from the decanter was defined in the boundary 

conditions of the computational field as a discharge area (outflow); 

- solid particles dispersed in the primary fluid (water) are defined with the 

discrete phase option and all have a spherical shape; 
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- the analysis will be done 2D in the middle area of the radial decanter. 

After establishing the steps to be followed, the geometric modelling of the 

2D view of the decanter was started. 

Figure 2 shows a simplified 3D modelling of the radial decanter, and in 

fig. 3 shows a section through the central area of the decanter, section passing 

through the middle area of the supply pipe. Both views were made in the 

SolidWorks 2016 SP 0.0 parameterized design software. 

 

 

 

 
 

 

Fig. 2. Isometric view of a radial decanter 

in simplified structure 

Fig. 3. Section in the central area of the decanter 

 

 

Having an overview of the projection of the net volume of the decanter, in 

the central area, the 2D geometric model used for the analysis in Ansys 19.2 was 

made. The geometric model was made in the “Design Modeler” module and is 

presented in fig. 4. 

 

 
Fig. 4. Geometric model of the decanter made for analysis 

 

The outline of the sketch was made on the XOY plane, the sketch was 

dimensioned, and finally it was defined as a virtual volume by means of the 
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surface tool in the sketch („surfaces from sketches”). It should be noted that the 

sketch is in fact a 2D view of the projection of the net volume of the decanter in 

the central area. 

One of the most important steps in performing an analysis is to generate 

the finite volume mesh. The accuracy of the analysis results depends very much 

on its finesse, but also the convergence of the results in certain areas of the 

geometry under analysis. 

The finite volumes mesh was made in the "Mesh" module of the program 

and a different type of mesh realization was chosen than the standard one. Thus, 

the geometric model was divided into 6 groups (named by the program Edge 

Sizing), each containing a certain number of edges, groups to which a certain 

number of finite volume divisions have been set. So, for Edge Sizing 1 200 

divisions were set, for Edge Sizing 2 – 150, Edge Sizing 3 – 70, Edge Sizing 4 – 

250, Edge Sizing – 35 and Edge Sizing 6 – 100, all these groups actually 

delimiting the contour of the geometric model. By imposing a large number of 

finite volume divisions, a fairly high mathematical model accuracy was actually 

ensured in these areas, considered delicate. Then, the surface of the geometric 

model was divided into finite volumes by the triangulation method and using as 

order for elements the Quadratic option. After mesh realization (which took about 

60 minutes), a mesh with 565714 elements and 1142589 nodes was obtained, see 

fig. 5. 

 

 
Fig. 5. The mesh of finite volumes obtained for the geometric model 

 

After discretization, the water supply area and the water outlet area were 

set as separate areas (fig. 6). 

Having the CFD option as a physical reference, all cells in the discretized 

network were automatically set to Fluid. 
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Fig. 6. Water supply and water outlet area 

 

Further, the discretized geometric model was loaded into the "Setup" 

module to establish the analysis conditions. Time was first set as Transient to 

allow particles to move through the fluid mass, and the gravitational acceleration 

was set on the OY axis with value -9.81 m/s2 because the water supply is in the 

opposite direction to the gravitational force. 

Knowing the diameter of the supply pipe in the decanter (1 m), water 

density (1000 kg/m3), water viscosity (8.9·10-4 m²/s) and the maximum water 

speed in the velocity area (0.036 m/s according to [17]), it was possible to 

calculate the Reynolds number in the supply area in the decanter. This is equal to 

40449.44, which frames the flow regime as turbulent. As a result, the 

mathematical model k-ε (2 equations) was chosen to substantiate the study. To 

increase the accuracy of the study was selected as a model k-ε the option RNG 

(Re-Normalisation Group). This is a method of renormalizing the Navier-Stokes 

equations to explain the effects of smaller scales of motion and was first proposed 

in the paper [18]. In the standard model k-ε, the eddy viscosity is determined from 

a single turbulence length scale, so that the calculated turbulent diffusion is that 

which occurs only at the specified scale, while in reality all scales of motion will 

contribute to turbulent diffusion. RNG approach, which is a mathematical 

technique that can be used to obtain a turbulence model similar to k-ε, results in a 

modified form of the epsilon equation that tries to explain the different scales of 

motion by changes in the production term, [19]. 

The behavior of the fluid near the walls was set as standard, and the 

constants in the equations k-ε have been set as shown above. 

With the choice of the mathematical model, particle injection was also 

required. As a result, the discrete phase has been activated (Discrete Phase – On), 

the material to be injected into the water supply area has been chosen (calcium 
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carbonate), the injection position has been set, particle diameter (max. 0.001 m), 

flow rate (0.1 kg/s), the time interval for the injection (from 0 to 10 s simulation 

time) and collision behaviour. The primary fluid was then set by choosing the 

water-liquid option from the Ansys software library. 

Next, was proceeded to establish the boundary conditions of the 

simulation. Thus, the water supply area has been set as the supply region with the 

velocity-inlet option and it has established a primary fluid supply velocity of 

0.036 m/s, and the water outlet area has been set as the outlet area with the 

outflow option. The operating conditions (pressure and gravitational acceleration) 

were also set here. 

Subsequently, the method of analysis was chosen. Thus, for the pressure, 

momentum, turbulent kinetic energy and dissipation rate, the second order 

equations were selected in order to obtain the highest possible calculation 

accuracy. 

After initializing the calculus, the calculation parameters were set and the 

calculation was run. The step size of the calculation has been set to 0.005 s, the 

number of steps to 2000 and the number of iterations per time step at 20. By 

multiplying the size of the calculation step (0.005 s) with the number of steps 

(2000) the total simulation time is obtained (10 s). The calculation was started by 

pressing the Calculate button. 

During the calculation, the software draws in real time the curves of 

variation of the residual values. It should be noted that the total calculation time 

was 26.5 hours. 

A residual value is defined as the difference between the actual value and 

the forecasted value, [20]. The closer the residual values are to zero, the more 

convergent the results. In this analysis it can be seen that the residual values have 

reached a value of 10-5 which is quite satisfying. 

3. Results and discussions 

After completing the calculation, the simulation results were visualized. 

Ansys 19.2 software also presents the results in the form of coloured contours, the 

value of each coloured region being given in a chromatic legend, but also in the 

form of charts or histograms. The results obtained are presented below. It should 

be noted that the maximum values appear in the water supply area, as well as in 

the outlet area. 

In figure 7 the distribution of the dynamic pressure in the liquid mass is 

presented. It can be easily seen that the maximum values are reached in the 

feeding area inside the decanter, absolutely logical thing anyway, because in this 

area the highest deformation rate is also reached (fig. 8). 
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Fig. 7. Dynamic pressure 

 

 The pressure distribution is oriented towards the outlet area of the 

decanter, the liquid moving more in this direction. 

 

 
Fig. 8. Fluid strain rate at 10 seconds of simulation 

 

 Maximum fluid velocity values are obtained in the same areas (water 

supply area and outlet area), generally due to deformation of the liquid. Fig. 9 

shows the velocity magnitude distribution in the supply area 

 

 
Fig. 9. Velocity magnitude 



274            Bianca-Ștefania Zăbavă, Gabriel-Alexandru Constantin, Gheorghe Voicu 

 Figure 10 shows the mean velocity magnitude along the length of the 

radial decanter. 

 

 
Fig. 10. Mean velocity magnitude 

 

 The distribution of turbulent kinetic energy is shown in fig. 11. With its 

help, the areas with the highest potential for hydrodynamic losses can be 

observed, losses that favour the sedimentation process. In order to produce as few 

vortices as possible it is desirable that the sedimentation process be carried out in 

the presence of a turbulent kinetic energy, of the lowest possible value. 

 

 
Fig. 11. Turbulent kinetic energy 

 

 The distribution of turbulence intensity is shown in fig. 12. The maximum 

percentage values (9.6%) are also obtained in the supply area. 
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Fig. 12. Turbulence intensity 

 

4. Conclusions 

In the paper, the numerical CFD analysis in a radial decanter was 

performed. 

This type of study should be performed for any constructive variant of 

decanters. It is quite important to identify areas of turbulence. In these areas the 

velocity of the fluid, dynamic pressure in fluid, but also its strain rate increases, 

which leads to a propagation of turbulence throughout the mass of liquid. As the 

rate of occurrence of vortices in the mass of liquid is greater, thus decreasing the 

probability of settling those heavy particles that should settle as quickly as 

possible at the bottom of the decanter. 

For the decanter analysed in this paper, which has values of turbulence 

intensity of up to 9.6%, especially in the water supply area, it is recommended to 

increase the diameter of the supply pipe in the supply area, but keeping the flow 

rate. By increasing the diameter only in the supply area, lower liquid flow velocity 

will be obtained, which will reduce the likelihood of vortices occurrence. 
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