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Abstract 
This work shows the achievements obtained in the numerical optimization of 
mixing operations in water treatment plants thanks to the development of a 
Finite Element hydrodynamic code that evaluates and optimises the hydrody-
namics of such processes. Some water treatment units present important de-
ficiencies in their design. The numerical optimization of the flow manages to 
avoid the high expenses of the trial and error processes involved in building, 
installing and removing the mixing mechanisms, channels and basins, and 
those derived from the need of halting the water treatment processes. As a 
result, an optimum design of the treatment plant is obtained at a low cost. 
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1. Introduction 

Some of the most challenging problems of the 21st century are those related to en-
vironmental issues. Among those, the efficiency in the energy consumption and an 
adequate management of the water resources are undoubtedly key aspects. The aim 
of the present research attempts to address the search for an energy-efficient opti-
mization of a water treatment process through the programming of a Finite Element 
code that not only evaluates the hydrodynamic behaviour of the water in the water 
treatment basin, but also incorporates a mathematical optimization of the involved 
parameters in order to obtain their most efficient performance. 
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Some previous studies have addressed this topic by several researchers. In par-
ticular, a previous study by the authors was published in [1] regarding the ad-
vances that could be introduced into mixing processes with the help of a hydro-
dynamic evaluation of the flow. Nonetheless, this previous work would only eval-
uate the improvements to be obtained on a trial-and-error basis, through a se-
quential resolution of the FE code developed in that work at different scenarios. 
The present work shows the development of a MATLAB code that not only solves 
the water flow in an efficient way through the Finite Element Method, but also 
achieves a mathematical optimization of a particular mixing process in order to 
obtain the optimal values for the geometrical and physical parameters defined as 
the key values defined by the user. 

The development of the code involves not only the well-known difficulties as-
sociated with the resolution of the viscous incompressible flow, but also those that 
show up when incorporating optimization tools. The code used in the numerical 
evaluation of the hydrodynamics of the treatment tanks has been a new release of 
the HYDRAFEM code (stable HYDRodynAmic Finite Element Model), first de-
veloped in [2]. Still some new features have been introduced together with a new 
MATLAB implementation, as it will be further explained in Chapter 2.  

Once the hydrodynamics of the flow have been obtained for the present condi-
tions, the main design parameters are defined and an optimization tool is pro-
grammed in order to obtain the best choice for those parameters in order to achieve 
an optimum behaviour of the mixing tank. The optimization procedure has been 
based upon a multidimensional constrained direct optimization method with a 
parabolic interpolation for each of the optimization variables as it will be de-
scribed in Chapter 3. 

In this work, the hydrodynamic behaviour of certain neutralizing tanks with an 
inflow of some 5 m3/s will be optimized. Each of the tanks is equipped with three 
mixing impellers. The plan dimensions of the tanks are 20.5 × 7 m2 with a water 
depth of some 4.2 m. These dimensions match up those of the neutralizing units 
used in the As Pontes water treatment plant. This treatment plant owned by the 
firm ENDESA, was devoted to the treatment of the water outflow obtained from 
the opencast coal mine of As Pontes, feeding the homonymous power station. Neu-
tralizing units of similar characteristics can be found in many water treatment 
plants all over the world. The particulars about the mixing units can be found in 
Chapter 4. The aim of this work will be to optimize the efficiency of the neutralizing 
processes. The results regarding this particular case can be seen in Chapter 5.  

2. Finite Element Resolution of the Fluid Flow 

A new code for the optimization of the hydrodynamic behaviour of the flow in 
water basins has been developed. The code is based on a new version of the hy-
drodynamic model, HYDRAFEM, developed by the first author [3] in which apart 
from a newly developed optimizing tool, some other new features have been in-
cluded.  
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HYDRAFEM makes an approximation of the behaviour of flows with a mod-
erate Reynolds number, such as those that take place at water treatment plants. 
There were some previous works that evaluate the flow in water treatment units 
by using the Stokes simplification (“creeping flow”) or the potential flow equa-
tions [4]. This type of simplifications allows for the obtaining of an approximate 
solution of the flow. Some other interesting approaches for the optimization of 
water treatment plants performances are considered at [5] and [6]. In order to 
obtain the real behaviour of the flow, the solution of the full Navier-Stokes equa-
tions is needed, and the numerical resolution of these equations involves tough 
stability problems which do not show up for the former simplified formulae. The 
code has previously been applied to several problems related to Environmental 
Engineering with very interesting results [7]. A work was done in 2007 to improve 
the behaviour of mixing operations in water treatment plants [1] on a trial and 
error basis. A newly developed numerical optimization tool has been incorporated 
to the code and its achievements have been checked on the same mixing opera-
tions used in [1] as a practical case. Details regarding the optimization will be 
further explained in section 3 to later present the particulars about the hydrody-
namic model. A new program has been coded in Matlab for this application that 
differs from the previous HYDRAFEM code, previously programmed in FORTRAN. 
The particulars are as follows. 

The equations that govern the viscous incompressible flow are the so-called Na-
vier-Stokes equations. Made up by the dynamic and the continuity equations, they 
are named after their discoverer, the French civil engineer Claude-Louis Navier 
(1785-1836), who in 1821 formulated the equations that rule the incompressible 
flow. Using the indicial notation we can express the Navier-Stokes equations as: 

, , , ,
1

i t j i j i i jj iu u u p u fν
ρ

+ = − + +  

 , 0i iu =  (1) 

in the domain of integration Ω , together with the boundary and initial condi-
tions: 

]
1 2

,i i ij j iu b n tσ
Γ Γ

= =  

 ( ) ( )0,0i j i ju x u x=  (2) 

where ui is the velocity, p is the pressure, fi is the body force per unit mass, ρ  is 
density, ν  is the cinematic viscosity, 1Γ  and 2Γ  are two non-overlapping sub-
sets of the piecewise smooth domain boundary Γ , bi is the velocity vector pre-
scribed in 1Γ , ti is the traction vector prescribed on 2Γ , ijσ  is the stress along 
the boundary 2Γ , and nj is the outward unit vector normal to 2Γ . 

The unknowns in these equations are both the velocity and the pressure. The 
most straight forward way of dealing with these two kinds of variables when using 
the Finite Element Method is to use the so-called mixed methods, in which both 
of them are considered as the unknowns of the resulting system of equations. The 
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corresponding weighted formulation is obtained from the application of the 
weighted residuals method on both the dynamic and continuity equations. A Ga-
lerkin formulation is used in which the test functions are taken equal to the trial 
functions, in terms of which the unknowns are interpolated. A zero-equation tur-
bulent model is used by increasing the magnitude of the kinematic viscosity to 
account for the value of the turbulent viscosity.  
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, , ,
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1 0
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e
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e
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i iq u d

Ω
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where wi are the functions for the dynamic equation and q are the weighting func-
tions for the continuity equation. pi will be taken equal to wi in the Galerkin for-
mulation. The h superscript stands for the discretization being carried out in our 
formulation, which will be made in terms of a P2P1 basic element (see Figure 1). 

 

 
Figure 1. P2P1 basic element. 

 
This formulation should verify in addition to the governing equations, some 

consistency conditions, the most restrictive of which is the LBB (Ladyzhenskaya-
Babuska-Brezzi), or divergence-stability condition. An inappropriate choice of 
this basic element may fail to verify this condition and prevent the whole algo-
rithm from converging. The P2P1 basic element, that is quadratic velocity, linear 
pressure, has been shown to produce stable and efficient solutions [8]-[11]. The 
Q1Q0 basic elements used in the previous formulation have been avoided in order 
to prevent problems such as the pressure checkerboard. 

Once the elementary matrices are evaluated and assembled, the integral Equa-
tion (3) can be expressed in matrix notation as: 

( ),
tυ υ υ
υ υ ν υ∂
+ + − =

∂
M C u v A Bp f  

 Tυ =B 0  (4) 

where υM  is the mass matrix, ( ),υC u v  is the convective matrix, υA  is the 
viscous matrix, B is the pressure matrix, f is the external forces vector, p is the 
pressure vector, u is the velocity vector in the x direction, v is the velocity vector 
in the y direction and υ  is the velocity vector. 
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For the time derivatives included in the first term of the first equation in (4), a 
Finite Difference backward differencing approach will be used in order to trans-
form our partial differential system into an algebraic one. The convective term 
that appears in (4) is a non-linear velocity-dependent function. This term should 
be eliminated in order to transform system (4) into a linear system of equations. 
The numerical scheme to be used for this transformation is a so-called successive 
approximation method that can be mathematically expressed as: 

 1
, ,

h h

n n
i j i j i j i jw u u d w u u d−

Ω Ω

Ω ≈ Ω∫ ∫  (5) 

3. Numerical Optimization 

Once the hydrodynamics of the flow have been solved, the optimization proce-
dures are introduced. The aim would be to obtain an n dimensional design vector, 
y, that minimizes or maximizes a certain objective function f(y). The variables in 
y will be subject to certain constraints that can be written as 

( ) , 1, 2, ,id ai i m≤ = y  

 ( ) , 1, 2, ,ie bi i p≤ = y    (6) 

The optimization is performed using a direct (derivative not being assessed) 
multidimensional univariate search method, that is, each of the variables will be 
changed one at a time to improve the approximation while the other variables are 
held constant, thus reducing to a sequential one-dimensional search. For each ap-
proximation, a parabolic interpolation of each of the variables will be used (see 
Figure 2).  

 

 
Figure 2. Univariate multidimensional optimization with parabolic interpolation. 

 
The parabolic interpolation takes advantage of the fact that a second-order pol-

ynomial usually provides a good approximation to the shape of the objective func-
tion near an optimum. The constraints to be imposed will normally allow for the 
bracketing of the design variable within a certain interval. A third point in-be-
tween (within a golden ratio) will be selected and the maximum of the three-point 
parabola will be determined as 

 
( )( ) ( )( ) ( )( )
( )( ) ( )( ) ( )( )

2 2 2 2 2 2
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3
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x
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− + − + −
=

− + − + −
 (7) 
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Depending on the relative position of the parabola maximum within the interval, 
one of the limits will be dropped and the process will be repeated until convergence. 

The objective function to be considered for this problem will be the minimum 
typical deviation of the velocity module x in the basin as it will be further explained 
in the chapter to follow. The standard deviation can be written as the square root 
of the variance of n values with x  mean as 

 ( ) ( )
( ) ( )( )2

1

n

i
i

x x
f

n
σ =

−
= =

∑ y y
y y  (8) 

4. Study Case: Agitation Processes 

The hydrodynamic behaviour of the water treatment units installed in many plants 
shows very important deficiencies. The adequate operation of these treatment units 
is closely related to the proper hydrodynamic behaviour of the flow. The physico-
chemical processes taking place in these units should be carried out within the frame 
of correct global hydrodynamics, which should be adapted to the characteristics that 
feature the treatment plant. The numerical optimization of the hydrodynamic be-
haviour of the basin will allow for an efficient energy consumption of the water 
treatment plant leading to an important decrease in operating costs. 

The study case considered for this work is a mixing basin in a wastewater treat-
ment plant, where the mixing tank is mainly used for neutralization purposes. The 
addition of lime reduces corrosiveness from acid water raising the pH. The work 
is based on a previous study with no optimization involved and the same dimen-
sion and parameters will be assumed for a start. 

The neutralizing unit considered in the present work will be, as in [1], consist-
ing of two sets of three tanks each. The inlet discharge at each of the inlets is esti-
mated in some 5 m3/s, resulting in a mean velocity at the inlet of about 0.75 m/s. 
The water volume is of about 600 m3, and the depth has been taken as 4.5 m. The 
axial symmetries in the tank allow us to use a 2D evaluation of the vertical section 
of the flow as very appropriate for our purposes.  

In order to achieve an adequate neutralization of the effluent, contact among par-
ticles should take place at every single part of the tank. The physicochemical mech-
anisms that permit the mixing processes are convection, turbulent diffusion and 
molecular diffusion [12]. The agitation processes should also prevent the settling of 
the suspended solids that are usually present in the water effluent. Therefore, the 
velocity should be kept to a minimum while an efficient agitation in terms of energy 
consumption is maintained. This energy-efficient agitation will keep the solids in 
suspension and will remove solids from the bottom while letting the migration and 
the mixing processes of the liquid phase take place within the effluent [13]. 

An axial pattern mixing element is the most adequate to achieve this energetic 
and efficient agitation. The radial (b) and tangential (c) flow patterns (see Figure 
3) are those that follow respectively the direction of the radius and the tangent of 
the circle plotted by the propeller in its movement. In the axial flow pattern the 
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main flow direction is that of the agitator axis and can be propelling or sucking 
depending on the direction of the spin [14]. An axial mixing element with a di-
ameter D, produces a stream of water whose radius rc is bigger than D/2 (see Fig-
ure 4). Due to the position of the bottom of the tank, the streamlines bend slightly 
outwards. 

 

 
Figure 3. Flow patterns. (a) Axial, (b) Radial, (c) Tangential. 

 

 
Figure 4. Axial velocity field and streamlines. 

 
As a consequence, a recirculation region is generated at both sides of the agita-

tor and a “dead cone” shows up underneath the agitator [15]. The size and mag-
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nitude of the recirculation streamlines will depend on the inflow discharge, the 
volume of water provided by the agitator, the position of the propellers and the 
geometry of the tank.  

Propellers with slender blades, such as the SABRE® (Dosapro Milton Roy) 
blades, as the one shown in Figure 3, are well suited to the homogenization of an 
effluent with suspended solids. They produce an efficient flow with scant energy 
consumption. The so-produced flow is mainly axial, having its radial and tangent 
components reduced to a minimum. The resulting turbulent percentage is from 
very low to moderate, contributing in this way to a good energy efficiency. This is 
why this kind of mixing element is very adequate for applications in which high 
velocities at a low cost are required, such as neutralizing processes of big volumes 
with suspended solids. With the tangential and radial velocities being kept to a 
minimum, the effect of the propellers can be characterized in terms of a given 
constant vertical velocity. 

The limiting parameter governing the agitation is the pumping volume of each 
of the agitators. The neutralizing process is solved by laying out three agitators in 
each of the tanks. The calculated pumping volume has been evaluated in some 
19,000 m3/h, which, when used with propellers with a diameter of 2.5 m results in 
an axial flow velocity of about 1 m/s. So as to reach these working parameters, 11 
kW motors with 1500 rpm and a differential of 60 rpm have to be used, with an 
elevation from the bottom of around 1.2 m. 

5. Numerical Results 

The numerical evaluation was performed using a P2P1 triangular mesh with 441 
nodes and 192 elements as shown in Figure 5. For the present working conditions 
an inlet discharge of 5 m3/s has been considered on the left-hand side. The results 
obtained for the velocity field have been those shown in the figures to follow.  

In Figure 6, the position of four velocity profiles placed along the depth of the 
tank can also be observed. These velocity profiles provide information about the 
velocity of the flow at depths a = 0.6, b = 1.8, c = 2.4 and d = 3.6 m, allowing 
evaluation of the proper operation of the mixing processes at significant points. 

 

 
Figure 5. Finite element mesh. 

 

 
Figure 6. Velocity profiles. 
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The velocities at these profiles will also be used to assess an objective function 
for the optimization as the standard deviation, of the velocity at the vertical section 
of the tank. With the objective function being 

 ( ) ( )
( ) ( )( )2

0 0

0

, ,
,

4

d

i
i a

x v d x v d
f v dσ =

−
= =

∑
x  (9) 

where , , ,a b c dx x x x  are the mean velocities along depths a, b, c, d and  

4
a b c dx x x x

x
+ + +

= . 

The limiting mixing mechanism is convection, and the characteristic value that 
features the homogenization rate is the pumping volume provided by the agitator. 
This energetic agitation may cause excessive forces against the mixing elements, 
which could lead to blade failure. This misbehaviour will be avoided by keeping 
the downward velocity at the blades underneath v0 = 1.5 m/s as an optimization 
constraint. A minimum value of v0 = 0.5 m/s has also been assessed as an optimi-
zation constraint in order to ensure a minimum mixing velocity within the basin. 
The downward pumping discharge range has been set between 9500 and 28,500 
m3/h. 

As stated before, the distance of the propellers from the bottom, d, is also a key 
parameter and will be considered as the second optimization parameter for the bi-
dimensional design vector. Although the propellers can be placed at a distance of 
up to one half of the total depth from the bottom, it is still recommended that the 
distance of the agitators from the bottom of the tank should not be greater than 
1/3 of the total depth [14]. A minimum distance from the bottom should also be 
ensured. This way, an allowance interval in-between d = 0.9 and d = 1.5 will be 
considered for the variation in this second design parameter. The design parame-
ter constraints are therefore 

 ( ) ( )0 0, ;0.5 ;0.7 1.7v d v dσ= ≤ ≤≤x  (10) 

v0 = The optimization problem was solved and some results are obtained within 
less than one minute of CPU time on a personal computer. The optimized values 
for the conditions considered have been a distance d of 0.9 m from the bottom 
and a pumping downward discharge of 28,500 m3/h (1.5 m/s). The optimized 
mesh with the new position for the mixer conditions then became the one shown 
in Figure 7. 

 

 
Figure 7. Optimized mesh. 

 
The results for velocities, streamlines and velocity profiles can be seen in Figure 

8. 
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Figure 8. Results for optimized velocities, streamlines and velocity profiles. 
 

The 2D approach in the vertical plane that contains the agitators axes is the 
most appropriate approach as it considers the sections in which the main and 
most critical flows are taking place with regard to the flow-behavior problems be-
ing considered. Obviously, this simplification neglects some important 3D effects, 
the most important of which are the shaft forces from the lateral flows being ig-
nored. Anyway the main flow direction in the plant is the one going from the inlet 
to the outlet parallel to the sides of the tank, and the main flow direction in depth 
is the vertical one produced by the impellers in an axial flow pattern. The radial 
and tangential effects of the impellers are negligible when using this kind of axial 
agitators (see section 4), which is why considering of the vertical central section is 
so meaningful. Moreover, the 2D model is computationally very efficient. The 
flow pattern in plan elevation is expected to be mostly symmetric due to the scant 
influence of the tangential flow produced by the impellers, and this fact makes less 
important the shaft effects of the non-considered lateral “corridors” in-between 
the impellers and the longitudinal wall. 

As can be observed, the agitation obtained is as expected. The lateral splitting 
of the flow takes place while a stagnant cone appears on the tank bottom, roughly 
concentric with the impeller axis. As can be seen in the figures the agitation pat-
tern causes the radial splitting of the flow underneath the mixing elements. As a 
consequence, three primary recirculation vortices show up in which the flow ve-
locity is relatively high. The separation of the flow governed by the agitators is 
asymmetric, being affected by the main direction of the flow. This increase in the 
velocity of the flow in a direction different from the main one is a wanted effect in 

https://doi.org/10.4236/jwarp.2026.1810034


P. Vellando et al. 
 

 

DOI: 10.4236/jwarp.2026.1810034 689 Journal of Water Resource and Protection 
 

the mixing processes as it allows for a further contact among the particles of the 
fluid, contributing in this way to their homogenisation. 

Apart from the primary vortices referred above, a group of smaller secondary 
vortices appears in the upper part of the section, such as the one showing up at 
the lower right hand corner. Unlike the primary ones, these vortices are featured 
by very small circulation velocities and indicate the presence of stagnant regions. 
The existence of these recirculation regions does not contribute to the correct de-
velopment of the homogenisation processes but under the present conditions they 
are small enough so as not be causing any major problems. 

The velocity at the bottom regions (elevation velocity profiles a and b) is much 
more influenced by the effects of the propellers and can be easily seen at the fig-
ures. Thus, the standard deviation is decreased as the propellers are immersed into 
the tank, which does not necessarily increases the recirculation and the mixing 
time but still approaches the mean velocity values of the lower-level velocity pro-
files to those at the upper levels. Still minimization of the standard deviation en-
sures that the overall velocity across the vertical section containing the axis is as 
balanced as possible. 

6. Conclusions 

A newly developed Finite Element code has been programmed that numerically 
optimizes the design parameters that feature the hydrodynamic flow. The code 
solves the Navier-Stokes equations on a 2D basis making use of a constant turbu-
lent viscosity that provides with the velocity and pressure field for the flow of wa-
ter up to a moderate Reynolds number. 

An optimization tool has been incorporated into the program in order to be 
able to obtain the relative optimum of a given objective function, subject to certain 
constraints, for a certain value of the design parameters. The optimization process 
has been based upon a multidimensional univariate optimization with parabolic 
interpolation of the design parameters.  

The program has been applied to the resolution of the flow in mixing tanks 
such as the ones being frequently used in the water treatment industry. The main 
design parameters have been defined as the velocity and the position of the mixing 
impellers. The standard deviation of the velocity within the basin has been chosen 
as the objective function for driving the overall mixing process to a working opti-
mum. The optimum values for the design parameters and the hydrodynamic varia-
bles have been finally obtained and presented.  

Editorial Note 

This pass focuses on English grammar, usage, clarity, and academic style. Scientific 
validity, equations, numerical values, and references were not independently verified. 

Author Contributions 

Conceptualization, P. Vellando; methodology, P. Vellando, R. Juncosa, F. Padilla 

https://doi.org/10.4236/jwarp.2026.1810034


P. Vellando et al. 
 

 

DOI: 10.4236/jwarp.2026.1810034 690 Journal of Water Resource and Protection 
 

and H. García-Rábade; software, P. Vellando; validation, P. Vellando; writing P. 
Vellando. All authors have read and agreed to the published version of the man-
uscript. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

References 
[1] Vellando, P., Fe, J., Juncosa, R. and Padilla, F. (2007) Improvements in Mixing Op-

erations of Water Treatment Plants by Use of a Stable Finite Element Model. Water 
Environment Research, 79, 625-640.  
https://doi.org/10.2175/106143006x136757 

[2] Vellando, P. (2001) On the Resolution of the Navier-Stokes Equations by the Finite 
Element Method Using a SUPG Stabilization Technique: Application to Some 
Wastewater Treatment Problems. Ph.D. Thesis, Universidad de La Coruña (Spain). 

[3] Vellando, P., Puertas, J. and Colominas, I. (2002) SUPG Stabilized Finite Element 
Resolution of the Navier-Stokes Equations. Computer Methods in Applied Mechan-
ics and Engineering, 191, 5899-5922. https://doi.org/10.1016/s0045-7825(02)00503-0 

[4] Espert Alemany, V., García, M., Sancho, H. and López Jiménez, A.P. (1996) Modelo 
matemático bidimensional para el estudio del flujo de agua a través de un decantador 
rectangular con lamelas. Ingeniería del agua, 3, 15-28.  
https://doi.org/10.4995/ia.1996.2701 

[5] Patziger, M. (2021) Improving Wastewater Treatment Plant Performance by Apply-
ing CFD Models for Design and Operation: Selected Case Studies. Water Science and 
Technology, 84, 323-332. https://doi.org/10.2166/wst.2021.019 

[6] Xu, Q., Luo, X., Xu, C., Wan, Y., Xiong, G., Chen, H., et al. (2022) The Whole Process 
CFD Numerical Simulation of Flow Field and Suspended Solids Distribution in a 
Full-Scale High-Rate Clarifier. Sustainability, 14, Article 10624.  
https://doi.org/10.3390/su141710624 

[7] Vellando, P., Puertas, J. and Colominas, I. (2003) Resolution of the Flow in Clarifiers 
by Using a Stabilized Finite Element Method. International Journal for Numerical 
Methods in Fluids, 44, 115-133. https://doi.org/10.1002/fld.617 

[8] Gunzburger, M.D. (1989) Finite Element Spaces. In: Gunzburger, M.D., Ed., Finite 
Element Methods for Viscous Incompressible Flows, Elsevier, 25-51.  
https://doi.org/10.1016/b978-0-12-307350-1.50009-0 

[9] Roychowdhury, D.G. (2020) Computational Fluid Dynamics for Incompressible Flows. 
CRC Press. https://doi.org/10.1201/9780367809171  

[10] Kadapa, C., Dettmer, W.G. and Perić, D. (2020) Accurate Iteration-Free Mixed-Sta-
bilised Formulation for Laminar Incompressible Navier-Stokes: Applications to Fluid-
Structure Interaction. Journal of Fluids and Structures, 97, Article ID: 103077.  
https://doi.org/10.1016/j.jfluidstructs.2020.103077 

[11] Panton, R.L. (2024) Incompressible Flow. 5th Edition, John Wiley & Sons.  

[12] Brodkey, R.S. (1975) Turbulence in Mixing Operations: Theory and Application to 
Mixing and Reaction. Academic Press. 

[13] Sweeney, E.T. (1978) An Introduction and Literature Guide to Mixing. British Hy-
dromechanics Research Association (BHRA). 

[14] García Romero, J.M. (2001) Principios de la agitación. Dosapro Milton Roy. 

[15] Uhl, V. and Gray, J.B. (1986) Mixing: Theory and Practice. Academic Press. 

https://doi.org/10.4236/jwarp.2026.1810034
https://doi.org/10.2175/106143006x136757
https://doi.org/10.1016/s0045-7825(02)00503-0
https://doi.org/10.4995/ia.1996.2701
https://doi.org/10.2166/wst.2021.019
https://doi.org/10.3390/su141710624
https://doi.org/10.1002/fld.617
https://doi.org/10.1016/b978-0-12-307350-1.50009-0
https://doi.org/10.1201/9780367809171
https://doi.org/10.1016/j.jfluidstructs.2020.103077

	Optimization in Mixing Operation Processes in Water Treatment Plants through the Development of a Finite Element Hydrodynamic Model
	Abstract
	Keywords
	1. Introduction
	2. Finite Element Resolution of the Fluid Flow
	3. Numerical Optimization
	4. Study Case: Agitation Processes
	5. Numerical Results
	6. Conclusions
	Editorial Note
	Author Contributions
	Conflicts of Interest
	References

