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CONCEPTUAL RESEARCH MILESTONES
Topicality of the theme: The current state of the pump manufacturing industry
shows a clear trend of decreasing production volume. This fact requires pump producers in
the Republic of Moldova to orient their efforts from east to west, primarily on the
European Union (EU) market, which is of increased interest to Moldovan producers.

It should be noted that pumping systems are a significant consumer of electricity,
consuming between 25 and 50% of energy consumption in some industries (Moisd, Susan-
Resiga, and Muntean 2013). At the same time, consumers in the EU are paying increasing
attention to energy efficiency; the current EU 2030 energy targets plan to increase energy
efficiency by at least 32.5% by 2030. (Ciucci 2023) to go beyond the EU's commitments
under the Paris Agreement on climate change ('Keflection paper. Towards a sustainable
europe by 2030' 2019). We can also note that the new Energy Strategy 2050 of the
Republic of Moldova also mentions as an objective the increase and promotion of energy
efficiency (' Energy Strategy of the Republic of Moldova 2050 (SEM 2050)' 2022).

Nowadays most of the pump types manufactured in the Republic of Moldova are
products of a constructive-technological evolution of Soviet pump models. In order to
expand the sales market to the West, the modernization of pumps produced in the
Republic of Moldova must take into account the need to increase energy efficiency:
increase efficiency, reduce the NPSHr, increase the working range, etc. (Petco 2019).
Therefore, we can attest a pressing need for constructive-functional modernization of
pumps produced in the Republic of Moldova, with the aim of obtaining energy
efficiency characteristics comparable to their analogues in the EU, USA, Japan.

The present thesis, developed within the Doctoral School of the Technical
University of Moldova, represents a new approach to the optimization of the working parts
of centrifugal pumps produced by the Moldovan machine-building industry. The presented
methodology, based on CFD simulations and optimization algorithms, was applied to the
optimization of working parts of pumps produced by the company CRIS Hermetic Pumps
from the Republic of Moldova. Based on the described considerations the aim and
objectives of the research were formulated.

Purpose of the thesis. To increase the energy efficiency of centrifugal pumps, i.e.,
to increase the pump efficiency and decrease the NPSHr by applying CFD simulations of
fluid flow coupled with optimization algorithms.

Basic objectives of the thesis. In order to achieve the formulated aim, the following
problems need to be solved:

— Establishing the current state of the centrifugal pump manufacturing industry and
determining the directions of modernization of centrifugal pumps produced in the

RM.

— Establishment of methods for obtaining geometrical models of the working parts of
centrifugal pumps.

— Study of theoretical considerations of fluid flow in pump working parts and
investigation of empirical models to obtain them.

— Selection of the parameterization model for centrifugal pumps working parts
geometry.

— Selection of geometric model discretization methods.

— Establishing the mathematical model of fluid flow in the working parts of the
centrifugal pump.
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— Selection of the fluid flow turbulence model.

— Selection of the cavitation model.

— Argumentation of the application of numerical methods for calculating the working
parts of centrifugal pumps.

— Defining the methodology for optimizing the centrifugal pumps working parts.

— Results validation of the methodology application through CFD simulations and
experimental tests.

The novelty and scientific originality of the obtained results. Centrifugal pump
impellers with improved energy efficiency characteristics were obtained by applying CFD
simulations coupled with optimization algorithms, namely, optimization of impellers of the
centrifugal pump model CH 6.3/20 1.1-2 and wastewater centrifugal pump impeller with
increased efficiency, including the creation of an inducer for CMP type pumps with reduced
NPSHr.

The technical solution developed for the centrifugal pump impeller model CH 6.3/20
1.1-2 is currently under examination for a patent (application is in further examination phase).

Practical value of the thesis. The technical solutions developed have been

implemented:
e  When optimizing the design of the centrifugal pump model CH 6.3/20 1,1-2
impeller;

e  When obtaining the centrifugal pump’s impeller for waste water, approved by the

enterprise "CRIS" SRL on the production of series "0";

e  When creating an impeller for CMP pumps, series "0" (10 units), which have already
been manufactured, tested and delivered to consumers.

e At the same time, the results of the thesis were used in the undergraduate studies for
laboratory work with the subject "Computer Aided Design".

The main scientific results for submitting thesis. The methodology for the
optimization of pump’s working parts has been developed and approved. The methodology is
based on the application of CFD simulations, the results of which are processed with the use
of optimization algorithms in order to obtain a geometry with optimal characteristics. The
methodology has been validated both numerically and experimentally on physical models, and
the results of the application of the optimization methodology are applied within enterprise
"CRIS" SRL, Republic of Moldova (implementation papers are attached).

Getting the thesis results. The work was carried out in the framework of the PhD
grant on "Increasing the energy efficiency of centrifugal pumps by mathematical modelling
and numerical computation of fluid flow".

Thesis approval. The main results, presented in the thesis, were presented and
discussed within scientific seminars of the Faculty of Mechanical, Industrial and Transport
Engineering of the Technical University of Moldova; at scientific conferences: The Technical-
scientific conference of students, master's and PhD. students of 27-29 March 2019 and 23-
25 March 2021, within the Days of the Romanian Academy of Technical Sciences 2019, XIV
edition, 17-18 October 2019, Chisinau and at the international conference Innovative
Manufacturing Engineering & Energy 2023, 27th edition, 12 -14 October 2023, as well as on
the pages of the Journal of Engineering Science, Chisinau: TUM, no. 2 and 4, 2023. The
thesis results were also presented at exhibitions: the UGAL INVENT 2023 Innovation and
Research Salon, Galati, 9-10 November 2023 and the International Specialized Exhibition
INFOINVENT 2023 18th edition, Chisinau 22-24 November 2023.



The presented works were appreciated with: Diploma of Excellence, for the plenary
report with the theme: Increasing energy efficiency - an essential condition for the expansion of
the domestic centrifugal pump markets, at the Technical-Scientific Conference of PhD,
collaborators and students 2019, and the First-Degree Award, at the Technical-Scientific
Conference of UTM students, masters and PhD students, Chisinau, 23-25 March 2021. At the
same time, one gold medal was obtained at the UGAL INVENT 2023 Innovation and Research
Salon.

It should also be mentioned that the author of the thesis was awarded the Government
Excellence Scholarship for PhD students for the 2019-2020 academic year. The author was
awarded with two silver medals for another research areas (ICE-USV - III'"Y Edition, Suceava
2019 and INFOINVENT 2021, Chisinau) with the work on other scientific direction.

Publications on the thesis topic. The main content of the thesis is reflected in 5
scientific papers, 2 of which are single-authored and 1 patent application with a priority from
23.03.2023.

Structure and volume of the PhD thesis. The work consists of an introduction, four
chapters, general conclusions, recommendations and it contains 136 pages of text, 14 tables,
115 figures, 6 appendices and 113 bibliographical sources used.

Keywords: centrifugal pumps, centrifugal pump impeller, fluid flow modeling,
turbulence models, cavitation process, CFD simulations, optimization algorithms, centrifugal
pump testing.



THESIS CONTENT

1. THE STATE OF THE ART IN CENTRIFUGAL PUMP DESIGN AND
PRODUCTION
The first chapter analyses and describes the current state of the centrifugal pump
manufacturing industry. At present, there are 8 enterprises on the territory of the Republic of
Moldova (RM) which have centrifugal pumps in their production nomenclature. The pumps
produced by Moldovan enterprises have about 150 models and are exported to more than 60
countries.

The current state of the industry, with a clear trend towards a reduction in production
volume (fig.1), requires producers to rapidly change their market, orienting their efforts from
east to west. The European Union (EU) market is of increased interest to domestic producers.
This situation can be remedied by upgrading the construction and operation of pumps
produced in the Republic of Moldova.
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Fig. 1. Production of centrifugal pumps, liquid pumps
or liquid elevators in the Republic of Moldova in the period 2005-2022,units ('Produc-
tion of Main Products Industrial by Types, Product and Years. ISM', 2023)

Nowadays most of the pump types manufactured in the RM are products of a
constructive-technological evolution of the Soviet pump models. Therefore, in order to
expand the sales market to the West, the following energy efficiency objectives should be
taken into account in the process of pumps’ modernization produced in Moldova (Petco
2019):

— increasing the energy efficiency of the pumps, including increasing their efficiency
both at nominal flow rate Qnom and within the working interval;
— the reduction of the Net Positive Suction Head Required (NPSHr);
— range extension between minimum flow rate Qmin and maximum flow rate Qmax etc.

At the same time the construction of the pumps is studied, the characteristic features of
the centrifugal pumps produced in Moldova are described and the principle of operation of
the centrifugal pump is described.

The study presented in the given thesis was carried out based on CH and CMP hermetic
centrifugal pumps with canned motor. Their field of application are hazardous production
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enterprises of petrochemical, chemical, atomic or other industrial sectors with hydraulic
systems operating with aggressive liquids. According to ISO 17769-1 classification, pumps
of type CH and CMP (International Organization for Standardization, 2012), are hermetic
centrifugal pumps with asynchronous three-phase canned motor, with short-circuit
explosion-proof rotor, explosion-proof construction corresponding to Ex ds IIB or Ex ds IIC
classes.

Chapter 1 also describes the evolution of methods for obtaining the geometry of the
centrifugal pumps’ working parts from analytical computational methods, based on empirical
data, to two-dimensional and quasi-three-dimensional computational methods, to
computational software environments and methods based on Computational Fluid Dynamics
(CFD) simulations and optimizations.

Impeller Pump Stator Autonomous
5 " casing cooling circuit

L il

Pumping Electric motor
part

Fig. 2. The main components of the CMP pump

At the same time, direct and stochastic optimization algorithms are described and
compared, and models used in optimization processes of pump working parts in existing
industrial applications are presented. The optimization models applied in industrial solutions
are presented.

2. THE ANALYTICAL METHODS PRESENTATION FOR CALCULATING
THE CENTRIFUGAL PUMPS’ WORKING PARTS

The second chapter presents theoretical considerations of centrifugal pump theory and
classification of the centrifugal pumps by impeller geometry. Based on the fundamental
equation of dynamic pumps (Euler), the kinematics of fluid flow in the centrifugal pump
impeller are described and the relationships linking the main geometrical parameters of the
centrifugal pump impeller with the parameters of fluid flow in the pump (pumping head,
volume flow, etc.) are given. The proportionality and similarity relationships of pump
impellers, the concept of rapidity, the influence of rapidity on pump impeller geometry and
the classification of centrifugal pumps according to the rapidity parameter are also presented.

The second chapter presents methods for determining the main parameters of the
centrifugal pump: pump flowrate, pumping head, pump speed, power output, efficiency
and NPSHr.

Also, in the second chapter, methods for calculating the geometrical parameters of
the pump impeller and profiling the impeller blade were presented. At the end of the
chapter the calculation based on the presented model (fig.3(a)) of the pump impeller
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parameters was performed. In MathCad environment, the analytical calculation of the
impeller geometrical parameters for pump model CH 6.3/20-1.1-2 with the following
geometrical parameters was performed (fig.3(b)).

DO

(@)
Fig. 3. (a) Meridian section modelling of the pump impeller.
(b) Pump impeller blade geometry (model CH 6,3/20 1,1-2) obtained in ANSYS DM

(b)

3. ARGUMENTATION OF THE NUMERICAL METHODS FOR
CALCULATING THE WORKING PARTS OF CENTRIFUGAL PUMPS
In third chapter, the numerical methods for calculating working parts of centrifugal
pumps were argued. The software environments for performing the optimization process were
compared. The computational ANSYS software environment was chosen.
The models for geometry parameterization of the centrifugal pump working parts were

compared and the ANSYS
DesignModeler module used
for  parameterization  and
geometric model generation
was chosen.

The discretization
methods for geometric model
were investigated. The
application of structured and
unstructured discretization
networks was compared. A
study was carried out to
determine the optimal
parameters of the discretization
networks (convergence study)
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Fig. 4 Simulation results (relative error, pump:CH
6.3/32; Qnom = 6.3 m3/h, Frozen rotor, SST model

(Bostan and Petco 2023-a)

necessary to increase the accuracy of the computation. During this study, 128 simulations
were performed on different discretization grids, with a finite volume size of 1+2.5 mm and
5+20 swelling layers, at different flow regimes: minimum flowrate (Qmin = 2 m3/h), nominal
flowrate (BEP) (Qnom = 6.3 m3/h) and at maximum flowrate (Qmax = 9.5 m3/h) (fig.4),
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also k-¢ and SST turbulence models at nominal flow were compared (fig.5). (Bostan and
Petco 2023). At the same time, a series of simulations at a different finite volume size (S =
1+2.5mm), at a different number of inflation layers (5+20 layers) for CH 6,3/20-1,1-2 pump
was also performed. ANSYS discretization modules, ANSYS Mesher for unstructured grid
and ANSY'S TurboGrid for structured grid were also compared and selected.

Turbulence models based on the Navier-Stokes equation used in the numerical calculation
of fluid flow were also compared. Quasi-dynamic and transient computational approaches
were compared. A set of optimal settings of the computational flow process in pump working
parts was established. Also, a study of the influence of turbulence models at different
dimensions of the finite volume of the unstructured discretization network was carried out
with the aim of increasing the accuracy of the simulations. Menter's SST model was selected
as the turbulence model:
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M - SST (Menter's Shear Stress Transport model)
@ - K-epsilon (k-g) turbulence model
Fig.5. Comparison of head calculation accuracy
of the CH 6.3/32-2.2-2 pump using k-¢ and SST turbulence models

(Bostan and Petco 2023)
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Flow characteristics with pronounced cav1tat10n effect were determined. The
classification of typical cavity shapes that can occur in the working parts of centrifugal pumps
has been described. The conditions of development, the reasons of occurrence and the
consequences of the cavitating process in the working parts of the centrifugal pump were also
described. Models of cavitation based on the Rayleigh-Plesset equation have been presented
and the parameters at which cavitation modelling will be carried out have been indicated. The
cavitation model used in the study is the Zwart, Gerber, and Belamri model are described in
the thesis (Ansys CFX Solver Theory Guide. Release 2021 R2 2021):

Fra 3rnuc(1 - Tu)pv EPV - P p<p
P R 3, »

3np, |2P—P,
RB 3 pl !

Slv =

Fcond P>P,
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The model is based on the calculation of the multiphase mass transfer rate per unit
volume S, where 7;,,, is the nucleation volume fraction (Zwart, Gerber, and Belamri 2004).
The radius of the chosen nucleation bubble is Rz = 1-10° m, and the vapor saturation pressure
P, = 3170 Pa.
At the same time, ANSYS modules for performing the optimization process were
compared and the optimization algorithm was chosen.

4. CONSTRUCTIVE-FUNCTIONAL OPTIMIZATION
OF THE CENTRIFUGAL PUMP’S WORKING PARTS

Chapter four is devoted to the application of the optimization methodology formed
using the recommendations presented in Chapter 3.

4.1. Optimization of the impeller of the centrifugal pump model CH 6.3/20-1.1-2

Today, CH-type centrifugal pumps, used in various branches of industry, are some of the
most common types of autochthon pumps. As optimization parameters, in the given
optimization process, parameters that determine the shape of the impeller blades and the
number of blades were chosen. As optimization criteria, it was chosen to minimize the
impeller torque while maintaining the impeller head.

Parameterization and geometric model creation. The ANSYS DesignModeler module
was used to obtain the geometric model. The initial geometry represents the geometric model
of the impeller of the CH 6.3/20-1.1-2 canned motor centrifugal pump. Only the geometry of
blade 1 was subjected to parameterization (Fig. 6), the surfaces of hub 2 (disc with shaft
driven driving hub 4) and shroud 3 remained unchanged. ANSYS BladeEditor tools were
applied to obtain the parameterized geometric model. The parameterization scheme is shown
in Figure 7.

The blade geometry was parameterized by varying the angle f of the blade at 5 points,
keeping the blade thickness distribution constant along the length of the blade, identical to
that of the original impeller.

3

4
=]
Al 2
L S
[m)

675
74
Fig. 6. Diagram with gauge dimensions Fig. 7. Geometrical parameterization scheme
of centrifugal pump impeller model of pump (Bostan and Petco, 2023-c)

impeller blades CH 6,3/20-1,1-2 in axial section
(Bostan and Petco, 2023-c)
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The geometric model discretization was
performed in ANSYS TurboGrid, a powerful
discretization grid generation tool specifically
designed for turbomachinery tasks (turbines,
pumps and compressors). ANSYS TurboGrid
was chosen because it offers automated
discretization algorithms that can generate
discretization grids for complex geometries of
blades, impellers, inducers, etc. without the
intervention of an engineer. Autonomous grid
generation is one of the key factors in creating /
a multi-iteration optimization process. 3 " i

Figure 8 shows a grid created in ANSYS Fig. 8. Application of initial and
TurboGrid. The discretization grid was boundary conditions in ANSYS CFX pre
created according to the desired parameter y”, (Bostan and Petco, 2023-b)
equal to 1, at the accepted Reynolds number
of fluid flow in the pump impeller equal to 5-10°, with ca. 1.5-2-10° finite elements per grid.

Setting initial and boundary conditions. At the entrance to the flow zone (Inlet) (fig.9),
the total (steady) pressure, P = 10° Pa is ‘|
indicated. At the outlet, the flow rate is indicated y 4
for the nominal flow rate Qouuet = 1,75 (kg/s)/n,
where n is the number of impeller blades. At the
outlet, flow characteristics associated with
turbulence and cavitation are calculated by the Periodic
solver (Zero Gradient). The impeller domain is iickacEn
rotated at 2950 min"!, at zero reference pressure
(Pref =0 atm).

The simulation is based on a two-phase
continuous fluid model composed of water in
liquid form and water vapour at 25°C. The
Periodic Interface (Fig. 4.6.) was applied to the
edge surfaces of the computational domain.

Since the main motion studied is the
rotational motion of the impeller at a constant  Fig. 9. Application of initial conditions
speed, the optimal time step was chosen equal to and borderline in ANSYS CFX pre
/o = 0.0032 s, in accordance with the (Bostan and Petco, 2023-b)
recommendations in the paper (Bostan and Petco 2023), and the Frozen impeller was chosen
as the interface between domains (Interface model) at the validation phase of the results.

Simulating the turbulence process is one of the biggest difficulties that arise when
calculating the flow parameters in a pump impeller. Turbulence occurs when inertial forces
in the fluid become significant compared to viscous forces and is characterized by a Reynolds
number reaching the order of 10 ®(Giilich 2020). Taking into account that the steady-state was
used in the study, the Menter's Shear Stress Transport (SST) turbulence model is used in this
research. (Menter, 1994).

The mass transfer model is the cavitation model, based on the Rayleigh-Plesset
equation, which governs the dynamics of a spherical bubble in an incompressible fluid. The
cavitation model used is the Zwart, Gerber and Belamri model (Zwart, Gerber, and Belamri
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2004). The following parameters were chosen: the radius of the nucleation site was chosen
R equal to 1-10"° m, and the saturation vapor pressure P, = 3170 Pa.

Processing and post-processing stage. The minimum requirements have been chosen to
optimize computational resources, ensuring numerical convergence with minimum execution
time (Bostan and Petco, 2023-c; 2023-b). A finite number of computational iterations of 200
was chosen, and the computation is also completed when the tolerance for the root mean
square residual error of 107 is reached. In order to control convergence, the following
indicators were chosen: domain unbalance, static pressure at inlet and outlet, and torque at
the rotation axis applied to the pump impeller (Bostan and Petco, 2023-b). After performing
the calculation (fig.10), the system displays the pressure at the impeller outlet and the impeller
torque with respect to the rotation axis Z as an indicator of the optimization criterion.

Fig. 10. Representation of the pressure field
and the distribution of parameter y+ in ANSYS CFX post (Bostan and Petco, 2023-b)

Setting up the optimization process

The optimization process is based on coupling Computational Fluid Dynamics and
evolutionary algorithm methods. The application of these methods is necessary due to the
complexity of the fluid flow process in the pump impeller, thanks to the pronounced
turbulence phenomenon, which does not allow to describe the flow by analytically solving
the Navier-Stokes equations and the complexity of the multi-criteria optimization process,
respectively. Therefore, this objective cannot be achieved by classical computational and
optimization methods. The scheme of the applied optimization process is shown in Figure 11.
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Fig. 11. Impeller optimization scheme

The optimization process includes the following procedural actions (Bostan and Petco,
2023.-c; 2023.-b):

1. Establish a reference point by performing a flow simulation at the initial geometric
parameters of the pump impeller. At the same time, at this stage, numerical validation of the
simulation results is carried out, as it can be compared with the results of the pump tests,
performed in accordance with ISO 9906:1999—Hydraulic performance acceptance tests.

2. Choice of optimization parameters. Eleven parameters describing the shape and number
of blades were selected as optimization parameters: blade angles S, ...[3s, angular coordinates
A6, ...ABs, inner diameter D; and outer impeller diameter D>, and number of blades Z. In
Figure 6, the angles 0 are represented by the parameter M, which represents the linear position
of the points n, ...ns.

3. Establishing optimization criteria. Increased efficiency was selected as an optimization
criterion, with the restriction of keeping the pump head constant.

4. Setting parameter variation limits. Parameter sampling between the set limits was
performed using the Latin Hypercube method. This step is necessary to obtain random
combinations of parameter values. A total of 1200 design points were received, 200 for each
of the blades’ number (z = 3+8). Following parameterization, based on these parameter
combinations, 974 successful geometries were created, based on which the optimization
process was performed.

5. Carry out a series of simulations based on the geometric models obtained from the data
received after sampling. Receiving a data set that has been loaded into ANSYS optiSLang
(fig.12).
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Fig. 12. Optimization process produced in ANSYS optiSLang (Bostan and Petco,

2023-b)

6. Apply a linear regression and Kriging to the data set received from the simulation series
to obtain a response surface. The application of the response surface is rational because the
application of direct optimization in the given case is computationally expensive and, due to
the large number of input parameters, does not converge. Also, the correlation matrix used to
analyze the correlation between variables in the dataset was obtained, which shows pairwise
correlations between variables. The coefficient of performance (COP) matrix (fig. 13) was
also obtained, which provides information about the influence of the parameters on the values
of the optimization criteria.

Models

1 1 1 -
Betal Dimp LE M0.75 Z Total
Parameter

Fig. 13. Coefficient of performance (COP) matrix (Bostan and Petco, 2023-b)
Based on the COP matrix, we can identify the main parameters, which affect the
impeller rotation moment, namely, the impeller diameter D and the number of blades z. The
almost linear correlation between these parameters and the optimization criterion is shown in
Figure 14 (b).
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ToraqueZ

Fig. 14. Response surface: (a) Influence of impeller diameter and blade inlet
diameter on pumping head, (b) Influence of impeller diameter and number of blades
on impeller torque (Bostan and Petco, 2023-b)

7. Application of the evolutionary algorithm. Due to the fact that there is more than one
objective function in the optimization process, the process is multi-criteria. The mathematical
apparatus required to establish and solve such multi-criteria or multi-parameter problems is
very extensive and represents a special branch of optimization theory (Papalambros and
Wilde, 2017). As an optimization algorithm, an evaluative EA algorithm has been proposed
by optiSLang as the most suitable optimization algorithm.

EA, being a recursive process, consisting of the following steps: creation of the initial
population, evaluation of decisions, application of genetic operators (in this case mutation),
evaluation and selection of solutions (Slowik and Kwasnicka 2020). The iterations are
repeated until the optimal pump impeller parameters are determined. The evolutionary
algorithm examined more than 2-10* samples. The geometry study is shown in Figure 15.
Note that the selected geometry on the l{l?rgi? is marked in red.
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Fig. 15. Geometries explored by the evolutionary algorithm
using response surface data (Bostan and Petco, 2023-c)
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8. Perform fluid flow simulations in the modified pump impeller and compare the data
with those obtained from the flow simulation in the impeller with initial geometrical

parameters (Fig. 16).
Analysis of optimized geometry results

As a result of the optimization, the
hydraulic efficiency of the pump has
increased significantly. There is a pressure
drop within the allowed = 5 % of the BEP
flow rate (Qnom =20 m*/h), but also an increase
in impeller efficiency from 56 % to 61 %.
(Bostan and Petco, 2023-b).

It can be seen that when the number of
blades was changed from 6 to 4 (Fig. 16), the
angle 0 increased significantly. The
comparison between the original and the
optimized profile is shown in Figure 17.

In the second phase of the
optimization, the pump impeller as a whole
was optimized, including the shroud and hub
surfaces. In general, the settings of the CFD
simulations and the optimization process were
kept identical to the previous phase.

Setting simulation settings

In the optimization process, the
blade geometry as well as the surfaces of the
hub and shroud were modified (Fig. 18). The
blade geometry was parameterized at 3
points (n; ...n3) by varying the blade angle
B (B1, B2, B3). The position of point Ny is
determined by the position of the diameter d,
which describes the position of the leading
edge, and n3 by the diameter D, of the
impeller, but the position of point n, by the
angular coordinates 460,. The diameter of the
impeller blade was not considered as an
optimization parameter. As geometrical
parameters describing the inner surface of
the shroud the tilt angle a and the radius Rs
of the shroud are selected. The hub surface is
described by the radius RH, and the distance
between the hub and the shroud by the width
b2 of the impeller channel at the outlet.
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Fig. 16. Pump simulation results with an
optimized impeller (Bostan and Petco, 2023-

Fig. 17. Comparison between the
shape of the original and the optimised
blade (Bostan and Petco, 2023-b)
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Fig. 18. Optimization parameters of the pump impeller model CH 6.3/20-1.1-2

The influence of the parameters on the parameterization criteria is shown in the

forecast coefficient matrix (Fig. 19). From the above, we can see that the major influence on
the pumping head as well as the impeller torque has the outer diameter of the impeller D,.
Also, at the pumping head more influence the number of blades z, followed by the shroud
inclination angle a, as well as the diameter of the meridian of the inlet surface d. Also, at the
torque to a small extent influence the number of blades z and the shroud inclination angle a.
The CoP coefficient of the parameters describing the blade geometry is below 1%. This may
be due to the shrinkage of the blade angle variation limit f, necessary to decrease the rate of
"collapsed" geometrles at the geometrlc model creatlon phase

Models

Alfa Shroud Total
Parameter

Fig. 19. Matrix of forecast coefficients (CoP) of parameters and criteria
pump impeller optimization
Anisotropic Kriging for the pumping head and classical Kriging for the torque was used
to form the response surface (Fig. 20). We can notice that, thanks to the choice of reasonable
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geometrical parameter variation limits, 853 successful geometries were obtained from 1500
sampled DPs, subject to CFD simulation.

64
62 6 5 62
D) 60 ] 0i 60 :

mp 58 75 7 1 "mp 58 75 7 %

(a) (b)
Fig. 20. Response surface (a) for pumping head
(b) for torque

As an optimization algorithm the Evolutionary Algorithm (EA) was used, this algorithm
was recommended by optiSLang being optimal for such a number of optimization parameters.
Impeller optimization results

In order to obtain the optimal pump impeller geometry for pump model CH 6.3/20 1.1-

2, the optimization procedure based on the study of numerical simulation parameters and the
optimization process exposed in chapter III of the thesis ware applied. In the optimization
study of the CH type pump impeller, three geometrical models were obtained as shown in
Figure 21.

(a) (b)
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(c) (d)
Fig. 21. Geometric model of the impellers obtained
(a) of the original impeller, (b) of the impeller obtained by applying the analytical
model, (¢) the optimized blade impeller, (d) the optimized impeller as a whole

The comparison of the impeller characteristics obtained (Fig. 21) is shown in Table 1. The
highest efficiency was obtained by the fully optimized impeller (blade, shroud and hub
surfaces) 1ot = 69.5%, followed by the impeller with optimized blades m.t= 61.9% and the
one obtained by analytical calculations 1t = 60%.

Table 1. Comparison of original and optimized pump characteristics

Impeller Pumping head, mH Torque, Nm Impeller Pump
geometry 02 efficiency efficiency
Original 20,8 2,03 0,56 0,363
Analytically 21 1,91 0,6 0,384
calculated
with optimized 19,9 1,776 0,619 0,396
palette
fully 21,54 1,696 0,695 0,445
optimized

It can be seen that the fully optimized impeller has 8 blades and the one with optimized
blades has 4 blades. This is due to the fact that the impeller torque depends on the number of
blades as well as the torque per blade. While in the case of blade optimization, the optimal
variant was obtained with blades with angle 8 of deployment and a reduced number z of
blades, in the case of full impeller optimization, conversely, the impeller was obtained with
reduced angle 6 of deployment and increased number z of blades, which was increased from
4 to 8.

The final version of the pump impeller is also to be patented and used in the manufacture
of the CH 6.3/20-1.1-2 model pump.

4.2. Design and optimization of the centrifugal wastewater pump impeller

Wastewater pumps are a type of specialized pump used to convey and manage wastewater,
including various types of liquids with inclusions, and are used in both domestic and industrial
or other applications. This type of pump plays a major role in waste water disposal (Giilich
2020).
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The following task was set in the given study: Creation of the working parts of a pump
for wastewater pumping with the following characteristics: hominal pump flow rate Qnom =
110 m?® /h, pumping head of H = 8.5 mH20, motor speed of n = 1800 min and diameter of
particles that can pass through the impeller dy = 80 mm, with maximum efficiency
(optimization criteria).

The initial geometric model was obtained through the CFturbo environment. After testing,
it was found that only the single-blade impeller pump allows the pump to operate at the
prescribed hydraulic parameters and to pass particles with a maximum diameter d, = 80 mm
through the pump. It should also be noted that, as the type of delivery, the design with a volute
casing was chosen. (Yonar 2018), similar to the pump shown in Figure 4.23.

A series of pump model simulations was carried out, consisting of three domains (Fig. 22):
suction connection, impeller and volute with discharge connection.

Fig. 22. Simulation results based on pump geometry
obtained in CFtutbo (Pinet = 10 mH2 O)
Geometric model development

The blade geometry was parameterized by varying the angle 8 of the blade at 3
points Ny ...Nn3, with the thickness distribution of the blade ranging from 9 mm at the inlet to 7
mm at the outlet. The wastewater pump impeller contains a single blade, has variable
curvature between their leading LE and trailing TE edges inscribed in angle 8 =) A6;
(Figure 23), located on the inner diameter D, and outer diameter D,. The shape of the impeller
blades is represented by the cumber line, which passes through the points n; ...n; determined
by the angular coordinates 46,, 405 and A6, and blade angles respectively B, B,
B calculated by the software environment.
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Fig. 23. Single blade wastewater impeller parameterization model

Discretization of the geometric model

Since the ANSYS TurboGrid module does not support grid generation for single-bladed
impellers, the decision was made to apply the unstructured discretization grid generated in
the ANSYS Mesher module (Fig. 24).
The following parameters were used to
generate the discretization grid:

For calculations in the optimization
process: Maximum finite element size
of AS = 2mm. On the surfaces of the
hub and shroud walls was applied a
layer of 25 finite volumes in depth and
the thickness of the layer of 5 mm, and
on the surface of the blade - layer of 28
finite volumes in depth and the
thickness of the layer of 5 mm. Grids of
about 1.5- 2-10° finished volumes were
obtained.

For calculations of validation of the
optimized impeller geometry. Fig. 24. Rotor discretization grid (at
Maximum finite element size of A S = optimization phase) generated in ANSYS

Imm. Grids with ca. 14-10° finite volumes.

The initial and boundary conditions remained simulated as in section 4.1, but with an
impeller speed of 1800 min™! and without the application of the periodic interface. Also, the
processing and post-processing settings remained similar (fig.25,26).

Setting up the optimization process

The actual optimization process was performed in ANSY'S optiSLang. The optimization

scheme is similar to the one shown in Figure 11.
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Algorithms based on EA and NLPQL were applied. We can mention that in case of the
single-bladed impeller optimization process, the algorithms which were used have provided
an optimized geometry with geometric parameters. We can note that for the hub and shroud
radii (R; and Ry), the variation limits in the case of the following calculation should be
increased, in turn the shroud angle , being maximum, cannot be increased.

Fig. 25. Pressure field distribution Fig. 26. Distribution of y parameters *
in the pump impeller

Analysis of the results obtained

After sampling, the 600 geometric models of the wastewater pump impeller (single blade)
were obtained. Due to the application of large variation limits, an increased number of
incorrect geometries was rejected. A total of 168 successful pump impeller geometry models
were obtained. Similar to the optimization procedure described in section 4.1, the simulation
results were stored in a dataset.

Figure 27 shows the response surface obtained from the simulation results. Linear
regression was applied to obtain the response surface.

[931]3no4
TorqueZ

Fig. 27. Response surface (a) Influence of impeller diameter and blade width on
pumping head, (b) Influence of impeller diameter and deployment angle 8z on impeller
torque.
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The greatest influence on pumping load and torque is the diameter D of the single blade
impeller. The pumping load is also influenced by the width b, of the impeller channel.

The optimized impeller geometric model is shown in Figure 4.28. The pump efficiency
increased from n = 62.9% (efficiency of the original geometric model obtained in CFturbo)
tom =71.9% (efficiency of the optimized pumping part). The optimization results are shown
in Table 2.

Table 2. Comparison of initial and optimized working body parameters

Impeller Pumping load, Torque, Nm Impeller Pump
geometry mH Oz efficiency efficiency
Originally 9,38 24,1 0,629 0,566
Optimized 10,7 22 0,785 0,707

4.3. Design and optimization of the CMP centrifugal pump impeller

The issue of reducing the NPSHr or, in other words, the net positive suction head (NPSH)
of a pump is essential for its use in low-pressure closed hydraulic systems.

The following presents the optimization process of an impeller for a centrifugal pump of
the CMP series (model CMP 1612-7 N2 and CMP 1612-8 N2), produced by CRIS Hermetic
Pumps.

Description of the optimization process algorithm

Creating and setting up an optimization process is a difficult and time-consuming task.
However, the optimization process is significantly superior to classical methods of obtaining pump
part geometry, such as analytical models derived from empirical data (Bostan and Petco 2023).

The optimization process (similar to the one shown in Fig. 11) of centrifugal pump parts
requires careful analysis, modeling, results processing and usually consists of (Parikh, Mansour,
and Thévenin 2021; Zhang et al. 2011; Moisa, Susan-Resiga, and Muntean 2013):

— Formulation of the optimization problem and selection of optimization parameters and
criteria.

— Creation of the geometric model based on the selected parameters, generation of the finite
volume grid and CFD simulation to simulate the flow processes in the working parts of the
centrifugal pump. Perform post-processing and data selection.

— Application of optimization algorithm to identify the optimal parameters of the geometric
model.

— Validation of the geometry obtained by performing a flow simulation with the resulting
impeller. The entire flow path volume of the centrifugal pump is used as the computational
domain.

A desirable further validation of the optimized shape could include experimental testing and
comparison of the numerical simulation results with experimental data and validation of the
resulting impeller effectiveness.

Formulation of the optimization task.

The choice of an optimization criterion, parameters and constraints plays a crucial
role (Parikh, Mansour, and Thévenin 2021; Zhang et al. 2011; Moisa, Susan-Resiga, and
Muntean 2013) in the optimization process. In case of this study, it would make sense to use
the NPSH3 level as an optimization criterion, simulating the testing process of a centrifugal
pump described in ISO 9906:2012—Hydraulic performance acceptance tests (International
Organization for Standardization, 2023) i.e., by gradually reducing the head until the total
head decrease at constant flow reaches 3%. In this case, the entire model of the entire flow
path of the pump should be used as the geometric model.

24



The iterative nature of the optimization process leads to a significant increase in the
computational resources required (memory and processing time). In order to reduce them, it
was decided to use a simplified geometric model. Instead of the extended computational
domain, consisting of the flow parts of the suction and discharge pipes, the pump impeller
and the impeller, a reduced computational domain (6.6 times) consisting only of the flow part
of the impeller was considered. Also, the optimization criterion was changed from effectively
reducing the NPSHr to maximizing the impeller head, as described in subsection 3.1.
Creating and discretizing the geometric model

ANSYS DesignModeler coupled with BladeEditor was used to obtain the geometric
model. The geometric model represents the flow part of the centrifugal pump impeller,
consisting of the volume between the blades, the hub and the shroud surface. The 2-blade
scheme was chosen. The discretization model was generated using ANSYS TurboGrid (Fig.
28), which can accurately capture the geometry and flow characteristics of turbomachinery
components (Bostan and Petco 2023).

Fig. 28. Structured network obtained in ANSYS TurboGrid

The following parameters were used as network parameters: the desired achievable
parameter y+ = 1, with the expected Reynolds number of the fluid flow in the impeller equal
to 5-10°. Single Round-Round Symmetric set was used as topological set. On average,
between 1.5 and 2 million final volumes are obtained in a structured hexahedral grid with
first layer thickness equal to 5-10° m.
Data processing, post-processing and selection

Iterative calculations were performed in ANSYS WorkBench. The iterative process
(similar to those shown in Figure 11) is stopped either after reaching the maximum number
of iterations set to 250 or after reaching a residual error tolerance of 107

To monitor convergence, the following parameters were chosen: static pressures at
the inlet and outlet, as well as the torque around the axis of rotation applied to the pump
impeller and the domain imbalance. After completion of the calculation (Fig. 29), the desired
values of the impeller height are displayed as an indicator of the optimization criterion.
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Setting parameters and optimization criteria

ANSYS optiSLang software is used to perform the optimization. As a criterion of
the optimization process, the maximum height developed by the impeller was chosen. The
main advantage is the reduction of required computational resources. The disadvantage is
that the mutual influence between the impeller and the pump impeller is not taken into
account, because the impeller is considered separate from the rest of the flowing part of the
centrifugal pump.

Impeller length L, impeller outer diameter D, hub diameter d and winding angle 0
(Fig. 30) were chosen as optimization parameters. Parameter variation limits were chosen
taking into account that the impeller was designed for an already manufactured pump, which
significantly affected the limits for impeller outer diameter D and impeller length L.

Al2:1)

&

)
&)

Fig. 30. Drawing of the pumping part of the centrifugal pump,
with indication of optimization parameters

Parameter selection between the set limits was performed using the Latin hypercube
method. A total of 120 calculated points were obtained. Sampling is necessary to obtain
random combinations of parameter values.

Data analysis and processing were performed in ANSYS optiSLang

A series of simulations were performed based on geometric models obtained from
the post-sampling data. The obtained data set was loaded into ANSYS optiSLang software.
A total of 98 calculated points were considered. A linear regression was applied to the data
set received from a series of simulations to obtain a response surface as shown in Figure 31.
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Fig. 31. Representation of the response surface
(a) Pumping head vs. winding angle 0 and outside diameter D;
(b) Pumping head vs. winding angle 0 (Bostan and Petco, 2023-a)

It can be seen from Figure 31(b) those impellers, whose winding angle 6 is less than
200-250 degrees, almost always exhibit an outlet pressure lower than the inlet pressure,
indicating that the impeller does not develop lift due to too small a cross-section of the flow
zones.

200 -150 -100

The main parameters, which affect the pumping head exerted by the impeller are the
winding angle 0 and the impeller outer diameter D, to a lesser degree the impeller length L,
and the hub diameter d hardly affects the impeller head.

An evolutionary algorithm (EA), nonlinear programming by quadratic Lagrangian
(NLPQL) and adaptive response surface method (ARSM) were selected as optimization
algorithms. The optimization results obtained by the above methods were compared. The best
result was shown by the geometry obtained from the best parameter obtained from the
sampled data set (Design Point - DP), which showed the pumping height of the impeller of
approximately H = 51.5 kPa or 5.26 mH20 (Table 3).

Table 3. Comparison of the optimization results

Optimization Bushing (_)utside Impeller | Winding Pumping
algorithm dldameter diameter | length L, | angle 0, height
, mm D, mm mm °
EA 46.96 103.5 81.00 -90.00 4.63
NLPQ 46.04 104.8 66.00 -92.60 4.25
ARSM 47.7 104.86 50.00 -91.00 4.29
Best DP 41.12 104.12 77.18 -180.45 5.26

The results were digitally validated (Fig. 31—-32) by simulating fluid flow through
the entire pump and determining an approximate NPSH3 by gradually decreasing the inlet
pressure.

It should be noted that at pressure values close to NPSH3, it is much more difficult
to achieve convergence of the result as well as to eliminate the imbalance between the
calculation domains. As a result of modeling at a pressure close to the required NPSH3, the
cavitation cavities formed are similar to the experimentally captured cavities presented in the
work. When the pressure drops below NPSH3 (Fig. 32), the cavitation cavities reach the
leading edge of the impeller, marked in Fig. 33, zones where the volume of vapor increases
the volume of water in the liquid phase.
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Fig. 32. Pressure field distribution Fig. 33. Representation of cavities at
pressure NPSH = 2,6 mH20

Experimental validation of the optimization results

As an experimental verification of the centrifugal pump impeller optimization
process, a CMP series centrifugal pump was tested. The optimized pump was tested in
accordance with ISO 9906:2015.

The purpose of the test (fig. 34, 35), in addition to obtaining the main pump
characteristics (fig. 36, 37), (pumping head exerted, current consumption and power), was
also to obtain the value NPSH3, the system critical cavitation reserve (NPSHr), i.e. the net
positive suction head available for the test pump at constant flow rate, when the pumping
head is reduced by 3% due to cavitation caused by the decrease in available suction head.

Flow meter

Zuz

Pressure gauge, Suction pipe Centrifugal

Fig. 34. Test scheme Fig. 35. Test station scheme
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The NPSH3 value is required to avoid cavitation and is used to obtain the
recommended NPSHr value:
NPSHr = NSPH3 + P, + 0,5 m(H20).

Fig. 36. Testing the pump Fig. 37. Impeller and inducer

The NPSH3 value was obtained equal to 2.60 meters at nominal flow rate (BEP), which
corresponds to the technical specification. The test results are shown in Figure 38. From the
figure it can be seen a proportional decrease of NPSH3 in general by 0.5 mH20, which is in
agreement with the theoretical data.

NPSH, m(H;0) Interval de lucru
3,4

3,2

3
2,8
2,6
2,4
2,2

2

7

NPSH3

50 60 70 80 90 100 110 120 Q, m*/h
Qnom
Fig. 38. Cavitational characteristics (NPSH3) of the pump
with the original construction (green) and the impeller (red)



GENERAL CONCLUSIONS AND RECOMMENDATIONS

The problem addressed in the thesis is devoted to increasing the energy efficiency of
centrifugal pumps through mathematical modelling and numerical computation of fluid flow,
carried out by creating a methodology for optimizing the working parts of centrifugal pumps
based on computational fluid dynamics (CFD) methods coupled with the application of
stochastic optimization algorithms.

The conclusions and recommendations formulated, as well as the results received,
represent the original contributions which, in summary, are as follows:

1. The current state of the pump manufacturing industry in the RM (Petco 2019) has
been described. We can observe a considerable decrease in pump production in the RM. In
order to reverse this process, the directions of modernization of centrifugal pumps produced
in RM have been established (Petco 2021; 2023).

2. The methods of geometry generation of the centrifugal pumps working parts were
studied (Petco 2021; 2023) and the world experience of applying modern optimization models
in solving optimization problems of centrifugal pumps was studied (Petco 2021; 2023).

3. Theoretical considerations on centrifugal pumps were presented and the centrifugal
pump impeller calculated according to the presented empirical model was obtained. At the
numerical validation phase, the obtained impeller showed higher hydraulic efficiency than
the original one, but lower than the optimized ones, which shows that the given method of
obtaining the impeller model can be applied, but is inferior to methods based on CFD
simulations and optimizations (Bostan and Petco 2023b).

4. With the aim of obtaining the methodology of optimization of the working parts of
centrifugal pumps, the study of the optimal settings of ANSYS modules applied in the
optimization process was carried out. For solving was selected the module for
parameterization and generation of geometric model- ANSYS Design Modeler, and as
discretization module was selected, for unstructured grid—~ANSYS Mesher, and for structured
grid—ANSYS TurboGrid (Bostan and Petco 2023). At the same time, the convergence study
found that the best option is to choose the finished volume size of the order of 1.5 mm and
15-20 layers of packing. The optimal settings of the simulation process were also determined.
Following a comparison of turbulence models, the RANS SST turbulence model (Bostan and
Petco 2023) was selected and the optimal parameters of the Zwart-Gerber-Belamri
cavitational model used by ANSYS CFX were established. OptiSLang was chosen as the
optimization algorithm.

5. Based on the presented methodology the optimization of the pump impeller model
CH 6.3/20-1.1-2 (Bostan and Petco, 2023-b) was performed. The application of the design
optimization resulted in an increase of the rotor hydraulic efficiency from 56% to 69.5% and
the pump efficiency from 36.3% to 44.5%.

6. The geometrical model of the working parts of a centrifugal wastewater pump with
a single vane impeller was obtained. Following the optimisation process, an increase in the
hydraulic efficiency of the centrifugal pump from 62.9% to 78.5%, or in the pump efficiency
from 56.6% to 70.7%, compared to the original model was found.

7. Based on the methodology the process of creating a centrifugal pump impeller was
carried out. Following the cavitation test it can be seen that the use of the resulting impeller
resulted in a decrease of NPSH3 by 0.5 mH2O at nominal flow, which corresponds to the
technical specification. The resulting impeller was applied to two models of series centrifugal
pumps with capped motor produced by CRIS Hermetic Pumps.
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Future research directions and objectives:

For the future it is proposed to continue the research related to the optimization of the
working parts of centrifugal pumps, i.e., vanes, pump casing volutes, etc. It is also proposed
to apply transient CFD simulations for the numerical validation stage.

At the same time, we can mention that the given methodology can be applied not
only to the optimization of the working parts of centrifugal pumps, but also to the optimization
of the working parts of most dynamic pumps or dynamic hydro generators.
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Teza cuprinde introducere, patru capitole, concluzii si recomandari, bibliografia din
113 de denumiri si 7 anexe. Volumul este de 137 pagini text, inclusiv, 115 de figuri si 14
tabele. Continutul de baza al tezei a fost publicat in 5 lucréri stiintifice, din care 2 lucrari de
unic autor, 2 lucrari in reviste recenzate si 1 brevete de inventie.

Cuvinte-cheie: pompe centrifuge, impeller al pompei centrifuge, modelarea curgerii
fluidului, modele de turbulenta, proces de cavitatie, simulérile CFD, algoritmi de optimizare,
testarea pompelor centrifuge.

Domeniul de studiu se refera la optimizarea constructiv-functionald a organelor de
lucru ale pompelor centrifuge cu scopul majorarii energoeficientei.

Scopul lucrarii. Majorarea energoeficientei pompelor centrifuge si anume a
randamentului pompei si a rezervei de cavitatie prin aplicarea simularilor CFD a curgerii
fluidului cuplate cu algoritmi de optimizare.

Noutatea stiintifica si valoarea aplicativa a lucrarii. Obtinerea rotoarelor pompelor
centrifuge cu caracteristicile sporite prin aplicarea simuldrilor CFD cuplate cu algoritmi de
optimizare si anume optimizarea impellerului pompei centrifuge model CH 6,3/20-1,1-2 cu
randament majorat, obtinerea impellerului pompei centrifuge pentru apa uzata si crearea unui
impeller impulsor pentru pompe de tip CMP pentru micsorarea rezervei de cavitatie.

Semnificatia teoretica constd in elaborarea metodologiei de optimizare a organelor
de lucru ale pompelor centrifuge bazata pe simularile CFD si algoritmi de optimizare.

Metodologia cercetarii stiintifice consta in crearea metodologei de optimizare bazate
pe modele si metode de calcul numeric si studiu experimental destinat optimizarii constructiv-
functionale a organelor de lucru ale pompelor centrifuge.

Implementarea rezultatelor cercetirii. Metodologia elaborata a fost aplicatd pentru
optimizarea impellerului pompei centrifuge model CH 6,3/20-1,1-2 si obtinerea impellerului
pompei centrifuge pentru apa uzata care urmeaza a fi produse de intreprinderea ,,CRIS” SRL
si crearea unui impeller impulsor pentru pompe de tip CMP, fabricate si testate la
intreprinderea datd. Totodata rezultatele tezei au fost utilizate in cadrul studiilor de licenta la
lucrari de laborator la disciplina ,,Proiectare asistata de calculator” .
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AHHOTAIUA
JIOKTOpCKOM aucceprauuu Ha Temy «IloBblenue 3HeprodppeKTuBHOCTH
HEHTPOOEKHBIX HACOCOB MyTeM MATEMATHYECKOr0 MOIETHPOBAHNUS M YHCIEHHOT0
pacueTra MOTOKA KUIAKOCTWY, peacTasiieHHoN [leTko AHapeeM HAa COMCKaHUM YUEHOU
CTETIEHH JTOKTOPa TEXHMYECKUX HAaYK IO CIIEIHATEHOCTH
242.01 - Teopus mawun, mexampoHuxa,
Kummués, 2023 rox

HuccepTanus cocTouT U3 BBEACHMSA, 4 IJIaB, BHIBOJIOB M PEKOMEHJAIUM, CIHCKa
nuteparypbl u3 113 3ammceit u 7 npunoxenunit. O0beM qucceptaiiuu B 137 cTpaHUI] TEKCTa,
Biiroyast 115 pucynkoB um 14 Tabmui. OcHOBHOe cojliep)KaHHE JUCCEPTAlMU ObLIO
omyOimKkoBaHO B 5 HayuyHbIX paboTax, BKitouas 2 0e3 coaBTOpoB, 2 padoT B
peLeH3UPOBaHHbIX JKypHanax U 1 maTeHTa.

KiaroueBble ci10Ba: IEHTPOOESKHBIE HACOCH; KOJNECO IIEHTPOOEKHOTO Hacoca,
MOJIETUPOBAaHNE TTOTOKA JKUAKOCTH, MOZAETH TypOyJeHTHOCTH, mpouecc kasuraruu, CFD
MOJICTHPOBaHUE, AITOPUTMBI OTITUMHU3AIINH, HCITBITAHMS [IEHTPOOESKHBIX HACOCOB.

OO0gacTe HccIeIOBaHMii  OTHOCHUTCA K  KOHCTPYKTHBHO-(YHKIHOHATBHOM
ONTUMU3AIMHA PAOOYNX OPraHOB ILEHTPOOESKHBIX HACOCOB C IETBI0 TOBBIICHHUS WX
9HEeprodPeKTUBHOCTH.

Hean padorbl. IloBbimicHHe 3HEProdpGEKTUBHOCTH IEHTPOOEKHBIX HACOCOB, a
umenHo KIIJ[ Hacoca u KaBUTAIIMOHHOTO 3amaca, myTeM npumeHeHus: moaenuposanus CFD
MOTOKA XKUJIKOCTH B COYETAaHHHU C aJITOPUTMAMHU ONITUMM3ALIUH.

Hayynass HOBM3HA W TNIpHKJIaAHas LEeHHOCTL palotel. I[lomydeHue xomec
LEHTPOOEKHBIX HACOCOB C YJYYIICHHBIMH XapaKTepUCTUKaMHy ImyTeM mpumeneHus CFD-
MOJIETUPOBAHMSI B COYETAaHWU C AITOPUTMaMH ONTHUMHU3AIMM, a WMEHHO ONTHUMHU3AINN
KoJeca 1eHTpobexnoro Hacoca mogenu CH 6,3/20-1,1-2 ¢ noBeimenssM KI1/I, momyuenme
pabodero  Kkoileca  KaHANM3aIlMOHHOTO  IIGHTPOOEKHOTO  HAacoca W CO3JaHUE
MIPEABKIIIOYEHHOTO OCEBOTO KoJieca st HacocoB Tnna CMP rcnonb3yeMoro Ajisi CHIDKEHUS
KaBHUTAITMOHHOTO 3amaca Hacoca.

Teoperuueckasi 3HAYHUMOCTBH 3aKII0YacTCs B pa3pabOTKE  METOOJOTHH
OINITUMH3AIMK PabOYMX OPraHOB IIEHTPOOEKHBIX HacocoB Ha ocHoBe CFD-mMonenupoBanus
U aJITOPUTMOB ONITUMH3AIINH.

MeTonuka HAay4YHBIX HCC/IeI0BAHMII 3aKIIOYaeTCd B CO3JAHUHM METOJIOJIOTHH
ONTUMH3AIMY Ha OCHOBE MOJIEJIEH U METOJIOB UUCIIEHHOTO pacdyeTa U dKCIEePUMEHTAIbHbIX
WCCIIEIOBaHUSAX, HANpPaBICHHBIX Ha KOHCTPYKTHBHO-(YHKIMOHAIBHYIO ONTHMH3AIMIO
paboumx opraHoB IEHTPOOEIKHBIX HACOCOB.

BHeapenne pe3yabTaToB HccienoBaHuii. PaspaboranHas MeToqyKa NpHMEHEHA
JUTA OTITUMU3AIMH KoJyieca IeHTpobexHoro Hacoca momenu CH 6,3/20-1,1-2 u momyueHus
pabouero KoJyieca KaHATM3aMOHHOTO IIEHTPOOEKHOTO HACOCA TOTOBAIINXCS K ITPOU3BOICTBY
Ha nipennpusatan «CRIS» SRL 1 co3manuio MpeaBKIFOIEHHOT0 OCEBOT0O KoJIeca JIjIsl HaCOCOB
tina CMP, W3roTOBNEHHBIX W MPOTECTHPOBAHHBIX HA JAHHOM TPEANPHATHH. Takxe
pe3yIbTaThl AWUTUIOMHON paOOTHl OBUIM HMCIOJB30BAHBI MPH BBITOIHEHUW J1a00PATOPHBIX
pabot no npeamety «KoMIbI0TepHOE TPOSKTHPOBAHHEY.
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ANNOTATION
in the doctoral thesis with the theme "Increasing the energy efficiency of centrifugal
pumps through fluid flow mathematical modeling and numerical calculation®,
presented by Petco Andrei for the conferring of the scientific degree
Doctor of technical sciences,
speciality 242.01. Theory of Machines, Mechatronics, Chisinau, 2023
The thesis includes an introduction, four chapters, conclusions and
recommendations, references with 113 titles and 7 annexes. The volume is 137 text pages,
including 115 figures and 14 tables. The main content of the thesis has been published in 5
scientific papers, including 2 single author papers, 2 papers in peer-reviewed journals and 1
patent.

Keywords: centrifugal pumps, centrifugal pump impeller, fluid flow modeling,
turbulence models; cavitation process, CFD simulations, optimization algorithms, testing of
centrifugal pumps.

The field of study refers to the constructive-functional optimization of the centrifugal
pump’s parts with the aim of increasing energy efficiency.

The aim of the work. Increasing the energy efficiency of centrifugal pumps, namely
the pump efficiency and the NPSHr by applying CFD simulations of the fluid flow coupled
with optimization algorithms.

The scientific novelty and applied value of the work. Obtaining centrifugal pump
impellers with enhanced characteristics by applying CFD simulations coupled with
optimization algorithms, namely impeller optimization of centrifugal pump (model CH-6,3-
20-1,1-2) with increased efficiency, obtaining of the centrifugal waste water pump impeller
and creating an inducer for CMP type pumps to reduce pump NPSHr.

The theoretical significance consists in the development of the optimization
methodology of centrifugal pump parts based on CFD simulations and optimization
algorithms.

The scientific research methodology consists in the creation of optimization
methodologies based on numerical calculation models and methods and experimental study
aimed at the constructive-functional optimization of the working parts of centrifugal pumps.

Implementation of research results. The developed methodology was applied for
the optimization of the centrifugal pump impeller (model CH-6,3-20-1,1-2) and obtaining the
centrifugal waste water pump impeller to be produced by the "CRIS" SRL company and the
creation of an inducer for CMP type pumps manufactured and tested at the given company.
At the same time, the results of the thesis were used in the licentiate studies for laboratory
work on the "Computer Aided Design™ subject.
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