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In this study, the performance of submersible mixers in sewage treatment was
improved by optimizing the installation position parameters of the mixer. The aim
was to enhance the average flow velocity and mixing efficiency in the pool. The
study employed ISIGHT software, integrated with Creo Parametric 6.0 software
and ANSYS Workbench 2020 software, to analyze the factors affecting mean flow
velocity and completed a multi-objective optimized design using Non-dominated
Sorting Genetic Algorithm (NSGA-II). The study used the ISIGHT software to
analyze the factors affecting mean flow velocity in the pool. The installation
position parameters of the submersible mixer were selected as design
variables. The study employed Creo Parametric 6.0 software to create a three-
dimensional model of the pool and the submersible mixer. ANSYS Workbench
2020 software was used to simulate fluid flow in the pool. The Non-dominated
Sorting Genetic Algorithm (NSGA-II) was used for multi-objective optimization.
The results of the study indicated an increase of approximately 0.021m/s in
average flow velocity and an improvement of approximately 0.47% in mixing
efficiency compared to pre-optimization values. The effective axial propulsion
distance and effective radial diffusion radius were significantly increased by 6.71%
and 8.33%, respectively, after optimization. The fluid distribution in the pool
became more uniform, and the low-speed zone was greatly reduced, resulting
in an enhanced flow state of the fluid in the pool and a strengthened mixing effect.
The study provides insights into the control of the submersible mixer’s installation
position to improve the average flow velocity inside the pool. Automatic
optimization of submersible mixer installation locations using the ISIGHT
software can effectively improve mixing efficiency, overall plant operating
efficiency, and economic benefits in sewage treatment plants. The multi-
objective optimization platform based on the ISIGHT platform for wastewater
treatment mixer installation location can be successfully applied in engineering
practice.
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1 Introduction

The submersible mixer is an efficient submersible mixing and
pushing device (Yan et al, 2009). It is typically utilized in sewage
treatment plants, a variety of pools and oxidation ditches and landscape
environments for conservation equipment, among others. The impeller
of the submersible mixer is driven by the motor through rotating and
stirring to achieve the creation of water flow and water circulation in the
pool, uniform mixture, so that the suspended matter is effectively
suspended from the bottom, improve water quality and increase the
oxygen content of water (Tian et al,, 2022a). The energy consumption
and efficiency of submersible mixers greatly affect the operation and
development of the water treatment industry, with its special economic
and social benefits (Qiu, 2021).

In the actual engineering application, the flow phenomenon of
submersible mixers is more complex. The water flow collides with the
pool wall and produces rebound, sometimes causing backflow, vortex
and other conditions. The flow field characteristics of the mixing pool
are influenced by several factors. These factors include the hub ratio, the
installation position, the angle of the mixer, blade clearance, blade
placement angle, etc. Optimizing the layout of the mixer, the design of
the pool shape and the structure of the mixer are conducive to
enhancing mixing efficiency and achieving desirable mixing effects
(Liu et al., 2022). Therefore, the study of optimal design for submersible
mixer is an important direction for engineering design.

Many studies have been conducted on the optimization design of
submersible mixer performance, using methods such as experiment,
numerical simulation, and theoretical calculation. For example, Chen
et al. adopted numerical simulation to optimize the arrangement of the
mixer using clear water as the study medium. The results showed that the
mixer arrangement near the inlet would increase the area of the central
low-velocity region (Chen et al,, 2020). Xu et al. studied the flow field
distribution in the pool under two cases of submersible mixer installation
depth of 3m and 5.72 m, using clear water flow as the medium. The
results indicated that the submersible mixer installed near the bottom of
the pool formed a high-velocity flow area on the bottom surface of the
pool (Xu and Yuan, 2011). Tian et al. studied the external characteristics
of submersible mixers when they were located in four different positions
in the pool. The study found that the best mixing was achieved when the
impeller centre axis of the submersible mixer was 600 mm from the pool
bottom, the blades were at least 200 mm from the pool bottom and the
ratio of wall width to wall narrowness was 4:3 (Tian et al., 2013). Jin et al.
studied the sewage-sludge two-phase flow model using numerical
simulation and concluded that after reducing the installation position
of the submersible mixer, the flow velocity formed by the mixer at the
bottom of the mixing pond increased and the sludge settling weakened.
When the distance between the centre of rotation of the mixer impeller
and the bottom wall of the pond was reduced to 0.4 m, there was no
longer any obvious sludge deposition in the mixing pond (Jin and Zhang,
2014). Xu used computational fluid dynamics method to analyze the flow
field characteristics and hydro-mechanical performances of submersible
mixers. The results indicated that the performance of the mixer was
greatly improved by optimally setting the motor speed, blade clearance,
blade placement angle, installation angle and with or without guide shell
(Xu, 2016). Additionally, Tian et al. studied the solid-liquid two-phase
flow field of a submersible stirrer using a coupled CFD-DEM method and
found that the location of particle aggregation was at the dead zone
located at the junction of the vortex location and the wall of the pool, and
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that the vortex generated near the bottom and wall of the pool was an
essential factor leading to particle aggregation (Tian et al,, 2022b). These
studies have demonstrated the impact of different installation locations
on the flow field within the submersible mixer basin and have provided
important insights into improving efficiency and mixing effectiveness.
Nevertheless, conventional optimization methods require manual
modification of design variables and the generation of multiple
solutions for comparison, resulting in repetitive labor. Therefore,
achieving automatic optimization of the submersible mixer installation
location parameters without altering the overall pool structure is crucial.

With the rapid development of science and technology, the
automatic optimization design of hydraulic machinery has become
attainable through the utilization of high-performance platforms such
as the ISIGHT software. Notably, numerous scholars have leveraged the
ISIGHT platform for the analysis and study of hydraulic machinery’s
optimal design. For instance, Wen et al. employed the ISIGHT software
with integrated MATLAB, GAMBIT, and FLUENT software to propose
a multi-objective and automatic optimization design method for the
movable guide vane of a Francis turbine. They used the non-dominated
ranking genetic algorithm with the geometric parameters of the
movable guide vane as the optimization variables, the total pressure
loss of the inlet and outlet of the guide vane flow path, and the cavitation
performance as the objectives. The results indicated a 10.4% reduction
in the total inlet and outlet pressure loss of the guide vane flow path and
a 17.8% increase in the minimum static pressure on the guide vane
(Wen et al,, 2017). Subsequently, Wen et al. integrated GAMBIT and
ANSYS FLUENT16.0 software based on ISIGHT software to propose
an optimized design method for the crown profile of the runner of a low
specific speed Francis turbine, which improved the turbine efficiency by
0.35% after optimization (Wen et al., 2018). Ding utilized the genetic
optimization algorithm of the ISIGHT platform to optimize the turbine
blade chord length with the mean and variance of the power coefficients
at TSR = 4, 6, and 8 as the optimization objectives. The results
demonstrated that increasing the chord lengths of the middle
section and tip of the blade not only increased the power coefficient
at the optimal tip speed ratio of the tidal energy turbine but also
expanded the range of the optimal tip speed ratio, making it more
applicable to engineering practice (Ding, 2020).

In addition, other studies have utilized the ISIGHT platform for
optimizing designs of mixed-flow pumps, LB46 torque converter
pump, and axial flow pump vanes. For example, Yang et al. utilized
the NSGA-II algorithm and ISIGHT platform to optimize the design
parameters of the worm housing section for a mixed-flow pump,
resulting in a 3.02% increase in hydraulic efficiency and 2.81%
increase in head. The high-efficiency zone of the pump was
expanded (Yang et al, 2019). Fan utilized the multi-island
genetic algorithm integrated into the ISIGHT platform to
optimize the design of the LB46 torque converter pump wheel
blades, resulting in an overall performance improvement in all
cases (Fan, 2021). Similarly, He employed the ISIGHT platform
combined with the NSGA-II optimization algorithm to perform a
multi-objective optimization of the design parameters of the
impeller and worm gear of the mixed-flow pump, resulting in
improved hydraulic efficiency and head, and an expansion of the
high-efficiency zone. The optimized pump also exhibited a more
uniform and reasonable static pressure distribution, leading to
reduced energy loss (He, 2019). Shi et al. e established an
automatic optimization design platform for axial flow pump

frontiersin.org


https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2023.1180607

Tian et al.

vanes based on the ISIGHT platform, which significantly improved
the hydraulic performance of the vanes after optimization (Shi et al.,
2014). Xia et al. designed an optimization platform for axial flow
pump impellers using ISIGHT software and the multi-island genetic
algorithm, resulting in improved hydraulic efficiency and an
expanded efficient region after optimization (Xia et al,, 2016). Lu
et al. optimized the combination of impeller and guide vane of an
ultra-high specific speed axial flow pump using the multi-island
genetic algorithm integrated into the ISIGHT platform, resulting in
improved efficiency of the design point, while the head remained
almost unchanged (Lu et al., 2017). Wang integrated Pro/E, Gambit,
and Fluent software into ISIGHT to develop a fully automated
optimization method for centrifugal pump shaft surface projection
diagrams based on CFD calculations, resulting in a 4.85% increase in
optimized head and a 1.31% increase in hydraulic efficiency (Wang,
2011).

In the field of marine propeller design, recent studies have utilized
the ISIGHT platform to establish optimization system and improve
propeller performance. For example, Liu et al. applied ISIGHT software
to integrate analysis modules, including type-value point calculation,
model building, meshing, and simulation calculation, to analyze the
effects of pitch, arch, longitudinal inclination, and chord length on
propeller open water performance. The study revealed that pitch had
the most significant impact on propeller open water performance,
followed by chord length, arch, and longitudinal inclination.
Furthermore, the quadratic and interactive terms between factors
were found to have a more significant effect than longitudinal
inclination (Liu et al, 2014). Similarly, Long et al. utilized the
ISIGHT optimization platform to optimize the pitch distribution of
a propeller, with the open water efficiency and minimum pressure
coefficient at multiple radii as the objective function. The study found
that optimizing propeller open water performance using a new anti-
cavitation profile was effective (Long et al., 2011). Cheng et al. utilized
the Design of Experiments method and optimization techniques
combined with approximation methods based on the response
surface model on the ISIGHT multidisciplinary optimization design
platform to establish a new design engineering framework. The
resulting optimization efforts led to improved propeller efficiency
and minimum pressure coefficient (Cheng et al., 2008).

Opverall, the ISIGHT platform has proven to be an effective tool for
optimizing hydraulic machinery. It not only saves significant time and
effort for designers, but also effectively enhances the performance of
hydraulic machinery while reducing energy consumption. However,
there is currently a lack of research on the application of the ISIGHT
platform for optimizing submersible mixers. Therefore, the application
of the ISIGHT platform holds great practical value for optimal design of
submersible mixer installation locations.

This paper focuses on the submersible mixer for sewage and
rectangular pool as the research objects, aiming to optimize the
average flow velocity and mixing efficiency inside the pool. ISSGHT
software is utilized as the optimization platform, which integrates Creo
Parametric 6.0 software and ANSYS Workbench 2020 software.
Analysis of influencing factors is performed using the design of
experiment component packaged by ISIGHT. Multi-objective
optimization design is accomplished through the non-inferiority
ranking genetic algorithm in the optimization component packaged
by ISIGHT. The ISIGHT software is employed to implement the
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automatic cyclic modeling and numerical analysis optimization
process of submersible mixers, providing more efficient and intuitive
ideas and methods to enhance the overall performance of submersible
mixers.

2 Numerical calculation
2.1 Physical model

This study refers to an actual submersible mixer model and an
actual pool model from a sewage treatment plant. In numerical
simulations, submersible mixer models are typically replaced with
impellers for simplification purposes. The computational domain
comprises the water body of the pool and the water body of the
impeller, with the pool dimensions and submersible mixer
installation positions illustrated in Figure 1. The diameter of the
impeller is 210 mm. The number of blades is 2, and the rotation
speed is 1400 rpm. The submersible mixer is installed at a position
2000 mm away from the pool’s side wall, 1000 mm above the pool’s
bottom, and 500 mm away from the pool’s installation wall.
Moreover, the length of the pool’s installation wall is 4000 mm,
the pool’s depth is 2000 mm, and the adjacent pool wall’s length is
5000 mm. The impeller is parallel to the installation wall of the pool
and perpendicular to the bottom wall of the pool.

2.2 Meshing

The Fluid Flow (Fluent) module within ANSYS Workbench
2020 software was utilized to generate polyhedral, unstructured
meshes for the pool’s water body and impeller using the Mesh
tool, as well as to encrypt the blade, the impeller and the pool contact
surface. The simulation result of mesh independence verification is
as Table 1. To validate mesh independence, the deviation of
hydraulic thrust and torque values obtained from different mesh
quantities can be compared with those of the actual model. When
the number of grids was increased from 1,766,486 to 4,374,954, the
hydraulic thrust decreased and subsequently increased and then
decreased. The torque decreased and then increased and then
decreased. Considering computational resources and accuracy,
option 3 was chosen as the final mesh. In option 3, the simulated
values of hydraulic thrust and torque exhibit minimal deviation
from those of the actual model. The meshing of the submersible
mixer and pool as shown in Figure 2. The mesh quality is above 0.3.

2.3 Basic equation

When the number of submersible mixers is small, it is common
to adopt the multiple reference system method (MRF) for steady-
state simulation, which is a widely used approach for simulating
rotating machinery. Scalable Wall Functions are used near the wall
and the free liquid surface of the pool is set to a rigid cover
assumption with a residual convergence accuracy of 0.0001.

The continuity equation and momentum equation are
represented by the following Equations 1 and Equations 2:

frontiersin.org


https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2023.1180607

Tian et al. 10.3389/fenrg.2023.1180607

FIGURE 1
The pool and submersible mixer.

FIGURE 2
Meshing of submersible mixer and pool.

TABLE 1 Mesh independence verification.

Serial number Mesh number Hydraulic Thrust [N] ~ Torque [N-m] Hydraulic thrust deviation/% Torque deviation/%
1 1,766,486 241.76 10.96 20.88 9.6
2 2,707,747 230.53 10.35 15.27 35
3 3,863,064 217.52 9.73 8.76 27
4 4,029,750 216.17 10.19 10.09 1.9
5 4,374,954 215.39 9.89 7.70 1.1
6 Experiment (clear water) 200 10 - -

Frontiers in Energy Research 04 frontiersin.org


https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2023.1180607

Tian et al.

10.3389/fenrg.2023.1180607

START

Determine Optimization OBjectives (Optimal
Average Flow Rate and Mixing Efficiency)

Determine Design Variables and Upper and
Lower Bounds

ISIGHT Automatic Optimization Platform
Build

‘ Integrated Creo (3D Modeling)

Integration with ANSYS Workbench
(Numerical Simulation Calculation)

NO

Meet the
Requirements

Output Results

FIGURE 3
A flowchart for optimizing.

auj
a_x}» =0 (1)
au,- au,-

ou ow _ Op  Ou
Pat ""Pax; ~

— ; 2
axf”axﬁ vef @
By using the Realizable k — ¢ turbulence model, the k equations

are given in Eq. 3 and ¢ Eq. 4 respectively.

a(pk)+M:i|:< +&>ak

———-] +'(;k +'(;b — pE -Yu +'Sk

ot 0x; Ox; oy ] 0x;
®3)
d(pe)  O(pew;) 0 U\ O & €
o T ox;  0x; wr 0. ) 0x; +pise pCzk + \/M * Cukcth *S
(4)

where ¢ is time; 1; and u ; is the velocity vector; x; , x ;i the position
vector; p is the liquid density; f; is the mass force; k is the turbulent
energy; ¢ is the molecular viscosity; 4, is the turbulent viscosity coefficient;
0 is a constant; Gy, is the turbulent energy production due to the mean
velocity gradient; Gy, is the turbulent energy production due to buoyancy
effects; Yy is the effect of compressible turbulent pulsations on the total
dissipation rate; ¢ is the turbulent energy dissipation rate; o, is the
turbulent kinetic energy dissipation rate Prandtl number; C,, Ci,, Cs, are
constants. C, = 1.92; Cy, = 1.44; Cs, = 0.09; C, = max[0.43, n%];
n= S%; S = +/25;Sij; Sk and S, are user-defined source terms, which
can be set according to different situations.

3 Optimization of submersible mixer
using the ISIGHT platform

In this paper, we introduce an integrated platform for
submersible mixer optimization design, which is built using the
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ISIGHT platform that integrates Creo Parametric 6.0 software and
ANSYS Workbench 2020 software. The main objective is to
maximize the average flow velocity and mixing efficiency inside
the pool. The Task Plan component is employed to integrate the
design of experiments module and parameter optimization module
for global optimization design. Firstly, the design of experiments
module is used to uniformly sample the design space, capturing the
most effective design area in the entire space. Subsequently, the
parameter optimization module is applied to optimize the design in
the effective design area to obtain optimization results. Upon
obtaining the optimization results, numerical simulation is
performed to verify that the final optimization results meet the
requirements. A flowchart for optimizing using the ISIGHT
software is shown in Figure 3.

3.1 Optimization parameters determination

Parametric modeling is a crucial foundation for optimal design.
In this study, a three-dimensional parametric model of the
submersible mixer was built using Creo software. During the
assembly of the pool and impeller water body, the installation
position of the submersible mixer was constrained by the plane
and XYZ coordinate system. The distance from the rotation center
of the impeller of the submersible mixer to the side pool wall was
defined as parameter A, the distance from the rotation center of the
impeller of the submersible mixer to the bottom wall of the pool was
parameter B, and the distance from the back of the submersible
mixer to the installation wall was parameter C. The installation
position parameters of the submersible mixer in the pool, i.e., A, B,
and C, were selected as design variables in this study. An optimized
design seeks an optimal solution that satisfies the objective function
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TABLE 2 Initial values and value ranges of design variables.

Installation location Initial Range of
parameters values values
A[mm] 2000 200-2000
B[mm)] 1,000 200-1,000
Clmm] 500 200-800

within the constraints of the design variables and constraints.
Therefore, establishing the correct numerical model is essential to
the success of the optimized design as a whole. The numerical model
for optimization in this study can be summarized as follows: the
parameters of the submersible mixer installation are optimized to
satisfy the constraints of the range of design variables and the
effective mean flow velocity inside the pool, and the point within
the pool with the highest mean flow velocity and efficiency value is
sought.

3.1.1 Design variables

The three parameters A, B, and C were selected as the optimal
design variables indicated in equation. The initial values and value
ranges of these submersible mixer design variables are presented in
Table 2.

=[A, B, C] (5)

Where A isthe distance from the rotation center of the impeller
of the submersible mixer to the side pool wall, B is the distance from
the rotation center of the impeller of the submersible mixer to the
bottom wall of the pool, and C is the distance from the back of the
submersible mixer to the installation wall.

3.1.2 Objective functions

The objective function in this study is to maximize both the
average flow velocity and mixing efficiency in the pool, as shown in
Equations and.

Max f, =7 (6)
Max fz = nmix (7)

Where ¥ is the average flow velocity inside the pool and 7,,,,.. is
the mixing efficiency. 1) Average flow velocity inside the pool

The installation position of the best mixing effect is selected by
selecting the maximum value of the average flow velocity inside the
pool. This approach can directly reflect the mixing performance of
the submersible mixer at different installation positions under the
same impeller speed conditions. Thus, if a certain position of the
submersible mixer in the pool results in the largest average flow
velocity, it implies that the mixing effect is best at that position.

3.1.2.1 Mixing efficiency

Tian et al. (Tian et al., 2012) derived the efficiency estimation
formula(9), which has been demonstrated to be significant in
assessing mixing efficiency using numerical simulation techniques.

F3

- X 100% 8
= 314Dy Mn ° ®
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Integration of ISIGHT.

Where: F is the hydraulic thrust, N; Dy for the impeller
diameter, m; M is the torque, N-m; # is the impeller speed, r/min.

3.1.3 Binding conditions

Zhang et al. (Zhang et al., 2014) proposed the effective mixing
domain evaluation method that involves calculating the volume of
fluid with an average flow velocity greater than or equal to 0.1 m/s as
the effective mixing volume of the submersible mixer. Therefore, the
constraint in this study is that the average flow velocity inside the
pool must be greater than or equal to 0.1 m/s, as shown in equation.

y=0.1m/s )

3.2 ISIGHT platform

The ISIGHT platform can integrate and manage complex
simulation processes and use optimization algorithms to explore
for superior parameter combinations, thus shortening the product
development time and reducing the development cost. In this study,
we established an automated optimization platform for diving
mixers by integrating Creo Parametric 6.0 software and ANSYS
Workbench 2020 software, as illustrated in Figure 4. Throughout
each cycle, the ISIGHT platform allows for the real-time
presentation of design parameter inputs and performance
parameter outputs, enabling designers to conveniently monitor
progress.

3.2.1 Optimal Latin hypercube design of
experiments

The Design of Experiments methodology can be used to
rationalize experimental arrangements, especially in cases
involving small-scale tests, resulting in reduced test durations and
lower costs. In this study, the optimal Latin hypercube was used to
sample the optimized variables, and the design and results of the
experiment are presented in Table 3. The desired experimental
outcomes were achieved, and scientifically valid conclusions were
drawn. To ensure analytical accuracy, the number of test points »n
and the total number of design variables N should satisfy the

following relationship, i.e.,

n=z(N+1)(N+2) (10)
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TABLE 3 Experiments design scheme and results.

10.3389/fenrg.2023.1180607

Average flow velocity [m/s]

Mixing efficiency [%]

>
3]

@
>
5

o
>
9

1 1,354 303 738 0.132 35.81
2 892 713 631 0.157 35.33
3 246 815 569 0.150 35.29
4 1815 549 277 0.168 35.74
5 569 897 723 0.167 35.69
6 1954 323 369 0.155 3591
7 431 631 754 0.153 35.74
41 2000 1,000 300 0.178 35.95
B —
L |
~ [
o |
" nc2
2 mBn2
‘S, mAC
£ » I mas
] mA
g
E mBC
~5 [ e
mcC
usB
|

o
w
=
=)

-
o0

N
S
N
o)

Percentage/%

FIGURE 5
Pareto graph of the average flow velocity.

Consequently, the number of sample points is set to
41 according to Eq. 10 above.

3.2.2 Parameter optimization (NSGA-II)

When there are multiple optimization objectives, due to the
conflicts between the optimization objectives, sometimes one
optimization objective is improved, while simultaneously another
optimization objective is deteriorated, it is difficult to find a solution
that furnishes all the objective functions optimal at the same time.

Frontiers in Energy Research

Therefore, it is used to optimize the multi-objective problem by
Non-Dominated Sorting Genetic Algorithm (NSGA-II) (Srinivas
and Deb, 1994; Li, 2008). For multi-objective optimization
problems, there is usually a set of solutions that cannot be
compared between them with respect to the overall objective
function. It is characterized by the fact that it is impossible to
improve any objective function without weakening at least one other
objective function.
NSGA-II optimization algorithm flow for:
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TABLE 4 Comparison of submersible mixer design parameters before and after optimization.

Average flow velocity [m/s]

Mixing efficiency [%]

Before optimization 2000 1,000 500

After optimization 2000 1,000 207

0.161 35.70

0.182 36.17

a) In the first place, the population that randomly generates a
certain number of individuals is regarded as the parent
population.

During evolution, the current parent population is crossed and
mutated to produce a subpopulation, and the parent
population and subpopulation are combined to obtain a new
population.

Comparing individuals in a new population two by two by their

b)

)
objective function vector using non-dominance sorting to divide
all individuals in the population into multiple sequentially
controlled Frontier layers.

d) Using crowding distance sorting, eliminate inferior individuals

within layers with the same Pareto order.

e) In the case of individuals belonging to different Pareto layers,

evaluate the superiority of individuals using the evaluation of

Pareto superiority, thereby deriving the Pareto optimal set of

solutions to the objective function.
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4 Optimization results and analysis
4.1 Analysis of influencing factors

The sensitivity, correlation, interaction effect, and contribution
rate of the factors on the average flow velocity inside the submersible
mixer pool were obtained through the Pareto graph, which further
analyzed the effects of the factors on mixing performance.

The Pareto graph reflect the percentage contribution of all
factors to average flow velocity, with blue bars indicating positive
effects and red bars indicating negative effects. As shown in Figure 5,
the primary term factor that is most sensitive to the average flow
velocity is variable B, while variable C is the next most sensitive. The
secondary term of variable A and the interaction term of variable B
and variable C have a greater impact on the average flow velocity
than the factor variable A. The secondary term of variable B and
variable C, the interaction term of variable A and variable B between
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Velocity contour of ZOX cross-section: (A) Before optimization; (B) After optimization.
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Velocity contour of XOY cross-section: (A) Before optimization; (B) After optimization.

factors, and the interaction term of variable A and variable C
between factors have less significant effects on the average flow
velocity than the primary term factor of variable A. The effect of the
primary term on the average flow velocity of the two factors of
variable B and variable A is positive, indicating that increasing these
two factors is beneficial to increasing the average flow velocity within
the constraint range. However, the effect of the primary term of
variable C on the mean velocity is negative, meaning that decreasing
this factor is beneficial to increasing the average flow velocity within
the constraint range.

4.2 Pareto frontier

The global search method has been employed to obtain the
Pareto Frontier solution for the genetic optimization of submersible

Frontiers in Energy Research

mixer installation location parameters. The Pareto Frontier consists
of a total of 241 solutions, represented by blue points. The optimal
set of solutions, which take into account both the average flow
velocity and mixing efficiency, are represented by the red points on
the Frontier, as shown in Figure 6.

Prior to optimization, the average flow velocity within the
pool was recorded at 0.161 m/s with a mixing efficiency of
35.70%. Following optimization, these values were improved
to an average flow velocity of 0.182m/s and a mixing
efficiency of 36.17%. The observed increase in the average flow
velocity was approximately 0.021 m/s, while the mixing efficiency
was improved by approximately 0.47%, as compared to pre-
optimization values. Table 4 provides detailed information
regarding the submersible mixer installation position
parameters and the corresponding mixing performance before
and after optimization.
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The distribution of mixing low-velocity zones: (A) Before optimization; (B) After optimization.

4.3 Comparative analysis of internal flow
field before and after optimization

To verify the feasibility of the optimization method, we
conducted flow field simulations using the same simulation
method as the above simulations. The ZOX cross-section is
parallel to the direction of the impeller rotation axis of the
submersible mixer, and the XOY cross-section is perpendicular
to the direction of the impeller rotation axis.

As shown in Figure 7, stirring the mixer generates a high-speed jet
that pushes forward and then splits into two streams. One stream moves
to the liquid surface and back to the impeller, forming a small circulating
vortex, while the other stream pushes forward and collides with the pool
wall, forming a large circulating vortex. The velocity contour of the ZOX
cross-section shows the distribution of the z-axis velocity component in
the pool. The red high-velocity zone in the contour indicates the areas
where the velocity is the highest. Figure 7 demonstrates that the high-
velocity zone increased in size after optimization, indicating that the
optimization method was successful in increasing the mixing efficiency of
the submersible mixer. The effective axial propulsion distance refers to the
distance along the axial direction of the submersible mixer that effectively
propels the water body under the condition that the flow velocity is
maintained at or above 0.3 m/s (Tian et al., 2022a). This measure is
important because it indicates how much of the pool is effectively mixed
by the submersible mixer. Before optimization, the effective axial distance
was 4.17 m, and after optimization, it increased to 4.45 m, representing a
6.71% increase in effective axial propulsion distance.

Additionally, the effective radial diffusion radius is the effective
radius of perturbation of the water column section that is disturbed by
the submersible mixer under the condition that the flow velocity is
maintained at or above 0.3 m/s (Tian et al, 2022a). As shown in
Figure 8, the velocity contour of the XOY cross-section demonstrated
that the effective radial diffusion radius before optimization was
0.24 m, and after optimization, it increased to 0.26 m, representing
a 8.33% increase in the effective radial diffusion radius.
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4.4 Distribution of low-velocity zone
distribution

For water velocities below 0.05 m/s in a certain area of the mixing
pool, that area is defined as the low-velocity zone. Before optimization, the
low-velocity zones were distributed at the edge junction and the top
corner between the pool wall and the surrounding wall. The velocity of
the circulation vortex flow was less than 0.05 m/s, and a large number of
low-velocity zones appeared near the pool surface and the bottom wall
surface of the pool close to the installation wall, as shown in Figure 9. The
total volume of all low-velocity zones before optimization was
2949.93 dm’, accounting for 7.37% of the total water mass volume.
After optimization, the low-velocity zones in the pool wall and the
edge junction and top corner of the wall surrounded by the pool were
significantly reduced. The low-velocity zones near the installation wall
surface of the pool bottom and surface were also significantly reduced.
After optimization, the total volume of all low-velocity zones was
2607.79 dm’, accounting for 6.52% of the total water mass volume.
The low-velocity zones were significantly reduced after optimization
compared to pre-optimization zones.

5 Conclusion

(1) After optimizing the installation position of the submersible
mixer using the ISIGHT platform, the average flow velocity and
mixing efficiency in the pool were significantly improved. The
fluid distribution in the pool became more uniform, with a
significant increase in the effective axial propulsion distance and
effective radial diffusion radius. The low speed zone was greatly
reduced, resulting in an enhanced flow state of the fluid in the
pool and greatly strengthened mixing effect.

These results demonstrate the potential of optimizing design to
improve the performance of submersible mixers by taking into
account factors such as the average flow velocity inside the pool,
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mixing efficiency, effective axial distance, effective radial
diffusion radius, and low-velocity zone volume.

Through the design of experiments study, it was discovered that an
increase in the distance from the rotation center of the impeller of
the submersible mixer to the side pool wall and the distance from
the rotation center of the impeller of the submersible mixer to the
bottom wall of the pool within the constraint range led to an
increase in the average flow velocity, while a decrease in the distance
from the back of the submersible mixer to the installation wall
within the constraint range had a similar effect. These findings can
provide valuable insights into improving the average flow velocity
inside the pool through the control of the submersible mixer’s
installation position. The use of the ISIGHT software for automatic
optimization of submersible mixer installation locations can
effectively improve mixing efficiency, overall plant operating
efficiency, and economic benefits in sewage treatment plants.
The multi-objective optimization platform based on the ISIGHT
platform for installation location of submersible mixer for sewage
can be successfully applied in engineering practice.
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