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Abstract

Purpose. Search for the possibility of increasing the efficiency of dredge pumps for viscous fluids by determining the ra-
tional values of the blade-outlet inclination angles in the pump impellers.

Methods. During the research, the following is used: theoretical studies of the structure of the viscous fluids flowing
through the flow part of dredge pumps; the method of three-dimensional software-simulation modeling of hydrodynamic
processes using the Ansys software package; the methods of rational experiment planning for selecting the values of the
number of points in the computational grid when optimizing the geometric parameters of the dredge pump impellers; meth-
ods of mathematical statistics and correlation analysis.

Findings. It has been proven that the main reason for the failure of the flow part components in the dredge pumps is the
manifestation of the influence of cavitation processes, which can be eliminated by changing the blade-outlet inclination
angles in the pump impellers. A software-simulation complex for the automated design of the flow parts in the dredge
pumps has been developed based on the use of optimization algorithms and computational fluid dynamics methods, which
makes it possible to design dredge pumps with optimal characteristics that ensure their efficient operation with maximum
efficiency values. It has been determined that one of the main factors influencing the head developed by dredge pumps and
the efficiency value is the blade-outlet inclination angle in the pump impellers.

Originality. Scientific novelty is in the scientific substantiation and development of a simulation-mathematical method for
calculating the geometric parameters of the flow part in dredge pumps for viscous fluids at the design stage.

Practical implications. The developed method for determining the rational blade-outlet inclination angles of the impellers
in the dredge pumps for viscous fluids can be recommended to scientific-research and industrial organizations for use in the
improvement, design and operation of the dredge pumps.
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1. Introduction The problem of increasing the dredge pump efficiency is
currently one of the most urgent. A large number of studies
developed by leading domestic and foreign experts, research
organizations are devoted to the parametric analysis of the
hydraulic characteristics of dredge pumps for viscous fluids,
as well as to the issue of increasing their reliability.

The task of determining the flow part geometric shape of
the dredge pumps undoubtedly has several isolated ways of
solution. Based on this, to date, several main research direc-
tions have been formed in this area, dealing with the issues
of design and development of new flow parts of impellers
and internal casings of dredge pumps using special computer
programs and numerical approaches to modeling in order to
improve the flow part geometry, increase in the efficiency
and energy performance of pumps.

One of the priority tasks for the mining enterprise is to
increase the operated equipment efficiency, including the
creation of a transport base of high performance with a sig-
nificant reduction in the cost of transporting the mineral raw
materials and products of their processing. This task is espe-
cially relevant for hydraulic pipe-line transport, with the help
of which more than 2 billion tons of various solid bulk mate-
rials, mainly tailings of mineral raw materials and concen-
trates, are transported in the CIS countries annually. There-
fore, design and production enterprises face new challenges
in the development and implementation of the most efficient
hydraulic transport systems and reduction of energy and
capital costs [1].
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This direction includes studies devoted to the numerical
simulation of unsteady flows in dredge pumps [2], [3]. They
give a formalized approach to determining the internal energy
dissipation during the rotation of a dredge pump impeller under
conditions of its operation with a partial load caused by separa-
tion and stalls of the flow. The main purpose of the studied
models is to predict the head loss in a dredge pump operating
with several particle sizes from 0.1 to 5 mm and various solid
phase volumetric concentrations from 20 to 30%. It is noted
that the presented model can be a useful tool for analyzing
existing dredge pumps or for designing new machines.

The work [4] is of interest, as it represents a modeling
method without a grid. This is a method of smooth part hy-
draulics (SPH), which lays the foundation for three-
dimensional modeling of the internal flow and transient pro-
cess of the dredge pump. It is noted that it is very useful for
identifying the internal unsteady mechanism of the flow
system transient process in the centrifugal dredge pump,
which is of great theoretical importance for ensuring reliable
and stable operation of the dredge pumping system.

In the works [5], [6] the authors model and analyze the
movement trajectories of sediment particles with various
sizes in a dredge pump based on sliding grids and the La-
grangian method. In addition, they predict the area and the
intensity of wear of the impeller and casing in accordance
with the erosion model. It is noted that the flow in the dredge
pump is complex, three-dimensional and unstable. Due to the
difference in density between the sediment particles and the
fluid feeder, the solid particles deflect from the surrounding
flow with different directions of movement and velocity
under the impact of inertia. Thus, particle deflection leads to
change in hydraulic characteristic, efficiency and durability
of the pump. The calculated result is consistent with dredge
pump wear occurrence in practical engineering applications.

This work presents a research devoted to the energy dis-
sipation as a result of the phenomenon of unsteady flow
inside a three-blade impeller of a dredge pump under condi-
tions of its operation with overload, which is of considerable
interest [7], [8]. In this case, a 3D unsteady numerical simu-
lation of the dredge pump is performed using the SAS SSI
turbulence model with curvature correction and total energy
equation. As a result of unsteady modeling, it has been de-
termined that a high-energy turbulent flow is periodically
generated and flaked away, which causes losses of hydraulic
energy in conditions of operation with overload.

In practice, dredge pumps are usually exposed to high-
density water-sand mixture, which has a large impact on
pump service life. To get an idea of the wear resistance of the
dredge pump working elements, it is necessary to know the
mixture flow characteristics. In the work [9], [10], the au-
thors analyze the behavior of the water-sand mixture flow in
a typical dredge pump. For this purpose, the so-called drift
flow model is used, in which the Reynolds-averaged Navier-
Stokes equations (RAHC) are solved for a water-sand mix-
ture. The numerical simulation results are in good agreement
with the experimental values, and the predicted pump per-
formance degradation is in conformity with the ANSI/HI
standard for the sludge pumps.

Analysis of works aimed at the study of hydroabrasive
wear of the dredge pump flow parts, in general, reveals an
increased interest in this problem. It should be noted that due
to the lack of a unified theory of hydroabrasive wear of the
dredge pump working surfaces, these studies are developing
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due to the accumulation and multiplication of the research
results of various types of abrasive and surface wear. Thus,
in the work [11], the dependence of the wear rate of the im-
peller and the volute surfaces on the sediment concentration
is studied using the wear rate distribution. The Euler-
Lagrange computational fluid dynamics (CFD) procedure is
used to simulate steady-state two-phase fluid-solid flow for
various operating conditions of the pump. The FINNIE mod-
el is developed to predict the abrasion of the impeller and
volute surfaces. It has been determined that the relative wear
rate for the casing surface is greater than for the impeller
surface, and the relative value for the flow parts is low in the
area of high pump efficiency.

In the work [12], the authors study the dependence of the
wear rate of the impeller and the casing surfaces on the sed-
iment concentration, while analyzing the wear rate distribu-
tion for normal operating conditions of the pump. The Euler-
Lagrange computational fluid dynamics (CFD) procedure is
used to simulate steady-state two-phase fluid-solid flow for
various operating conditions of the pump. Then, the FINNIE
model is used to predict the abrasion. The results indicate
that the relative value of the impeller wear rate increases with
increasing sediment concentration. The relative value of the
wear rate of the impeller and the casing surface is greater
when the pump is in a low flow rate state and the value of the
casing surface is greater than that of the impeller.

The methods for designing the dredge pump impellers are
described in the works [13]-[15]. They present the mathemat-
ical models used to numerically study stiffness and damping
in the analysis of the dynamics of pump designs, and which
are the basis for their design. Having combined an operating
experience and the latest developments in the field of pump-
ing technology, a new type of impeller has been developed —
the “curved impeller”. This new type of impeller can be used
in existing high-efficient pumps without any modifications
and can provide better suction performance and lower wear
characteristics of the dredge pump impeller.

This trend includes the studies [16]-[18], devoted to
methods of regulating the dredge pumps functioning in the
operating range. The authors emphasize that the information
obtained from the output variables in the dredge pump made
it possible, based on statistical analysis, to develop mathe-
matical correlations that allow directly identifying the rela-
tionships between the process variables and their influence
on pump behavior (suction and discharge pressures, total
dynamic head, NPSHr and efficiency). The results obtained
show that the simulation process allows for a high prediction
in relation to the actual operating conditions of the pump
(error less than 4%). Mathematical ratios have shown effi-
ciency for an operating range from 83 to 64%. In addition,
the NPSHr analysis enables determination of operating range
to avoid adverse effects such as cavitation.

Despite the significant amount of research on this issue,
the problem of choosing the geometric shape of the flow
part in the dredge pumps for viscous fluids is still not
comprehensively solved. A comprehensive solution to the
problem of increasing the energy efficiency of dredge
pumps requires not only the structural improvement of the
flow part, but also the rationalization of the pumping
equipment operating modes.

To solve these problems, design organizations are re-
quired to perform a thorough calculation of all technological
parameters of the production process and the selection of
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technological equipment. This is especially true for the selec-
tion of dredge pumps, for which optimal mode of operation
is a determining factor affecting the service life and energy
efficiency of pumping systems. In practice, when choosing a
dredge pump, designers and equipment suppliers rarely think
about the processes occurring in the pumped hydraulic fluid
and the flow part of dredge pumps. The determining factors
when choosing dredge pumps are the values of delivery rate,
head, electric power consumption, efficiency. This approach,
when choosing the dredge pumps for pumping hydraulic
fluids with different concentrations and sizes of solid parti-
cles, is conditioned by the fact that the largest volume of
pumps produced are m marked arked in accordance with the
developed parametric series [19]. This parameterization is
based on the type and parameters of the pump (flow rate and
head). The division of dredge pumps into a parametric series
leads to the fact that the designer is not able to include in the
project a dredge pump with the parameters required for tech-
nological equipment.

The selection of the dredge pump according to the princi-
ple “closest in terms of parameters” in the direction of in-
crease, but with a maximum excess of no more than 10%,
and taking into account the incorrect determination of the
hydraulic characteristics of the system, it can give an error in
determining the parameters of dredge pumps from 15 to
20%. This situation has led to the fact that at the enterprises
of the mining and metallurgical sector of the CIS countries,
about 60% of dredge pumps operate in non-optimal modes,
with increased electric power consumption, wear of the flow
part components. As a result, this requires significant costs
for operation and maintenance [20].

The use of dredge pumps in non-optimal modes leads to
the occurrence of recirculation at the inlet and outlet of the
pump, abrasive wear at the inlet and outlet edges of the im-
peller, the rear plate and the walls of the inner casing. The
consequences of this wear are increased vibration, a drop in
pump performance, a decrease in efficiency and an increase
in electric power consumption.

Due to the end of service life and obsolescence of techno-
logical equipment, at present the main reason for failures in
the operation of hydraulic transport systems is the low me-
chanical reliability of working devices. For this reason, up to
80% of accidents and equipment failures occur, a third of
which are caused by dredge pumps [21].

The wear of the impellers, in turn, causes significant vi-
brational stresses transmitted to the supporting nodes of the
pumping unit — bearings, the service life of which is sharply
reduced and leads to a decrease in efficiency [22].

Significant hydroabrasive wear of pump components is
a consequence of the high abrasive properties of the
pumped medium. It is important to note that the factors that
are a consequence of hydroabrasive wear of the main ele-
ments of the hydraulic transport system and ultimately
lead to its failure have not been sufficiently studied. In
addition, the typical causes of failures are poor-quality
seals, imperfect design of the impeller fixture to the pump
shaft and bearing assemblies, as well as the lack of a system
for diagnostics and monitoring of the equipment condition
during operation.

The purpose of this work is to increase the energy per-
formance of dredge pumps by modifying and optimizing the
profiling of the pump flow part with an increase in the hy-
draulic and volumetric efficiency.
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The main objective is to determine the rational values of
the blade-outlet inclination angles of the pump impellers.
The choice of rational values of the outlet inclination angles
can only be made by comparing a sufficient number of alter-
natives. However, it should be noted that the determining
parameter for their selection is the condition for achieving
the maximum efficiency value.

The optimization problem formulation includes the syn-
thesis of the impeller profile in the dredge pump flow part
based on the classical problem of the calculus of variations
using three-dimensional simulation modeling by determining
the path of a viscous fluid particle motion from point A to
point B with minimal costs. The main parameters that deter-
mine the dredge pump blade geometry are the angles of set-
ting the blade in plan at the inlet and outlet, taking into ac-
count the achievement of the displaceable and static pressure
values at the inlet and outlet at a given impeller rotation
velocity and the maximum value of efficiency.

2. Methods

The results of the analysis of domestic and foreign
methods for calculating the hydraulic transport and the
choice of dredge pumps make possible to conclude that today
there are no generally accepted methods and
recommendations for the design of hydraulic transport.
Existing methods and manuals for calculating the hydraulic
transport are either designed for limited operating conditions,
or they cannot evaluate and calculate all the necessary
characteristics of the hydraulic system to assess the dredge
pump operating modes, as well as to analyze its wear.

In this work, a method is taken of software simulation
modeling of fluid flow processes in the dredge pump
impeller with the use of the Ansys software package, which
makes it possible to determine the rational values of the
blade-outlet inclination angles in the dredge pump impeller,
depending on the pressure values at the inlet and outlet in
order to increase the pump efficiency.

The design of the dredge pump is given in Figure 1. The
pump operates in the following way: the pumped mixture
enters the impeller through the throat of the cylindrical suc-
tion element for the slurry inlet. Further, through the opera-
tion of the wheel blades, the hydraulic fluid is fed into the
discharge pipeline, which entrains the slurry through the
action of centrifugal forces.

1

N
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4

Figure 1. Dredge pump structural design: 1-pump casing;
2—ring (volute); 3 —impeller; 4 —coupling; 5- gland
seal; 6 — gland pocket; 7 — pump lantern ring; 8 — gland
seal pocket; 9 —shaft; 10 —bearing cap; 11 — bearing;
12 — cast bracket
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An open impeller (Fig. 2) consists of one disc and blades
located on its surface. The number of blades in such impellers
is most often either four or six. They are very often used where
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a low head is required, and the working medium is polluted or
contains oily and solid inclusions. This wheel structure is
convenient for cleaning its channels. The efficiency of open
wheels is low and is approximately no more than 40% [23].

Figure 2. Impeller type

The impeller is the main working element of the pump,
since it is the impeller blades that transfer mechanical energy
to the fluid. The correct choice of material for the pump
impeller ensures high working efficiency.

Often, the main cause of impeller breakage is cavitation,
that is, vapor generation and the formation of vapor bubbles
in the fluid, which entails metal erosion, since the fluid bub-
bles contain the gas chemical aggressiveness [24].

The cavitation process is often the main negative factor
(Fig. 3), which leads to serious partial erosion and wear of
the flow parts in the cavitation zone and, hence, to the rapid
failure of the dredge pump flow parts [25], [26].

Figure 3. Signs of impeller breakage due to cavitation

Cavitation is a complex set of the following phenomena:

— release of vapor and dissolved gases from a fluid;

— local increase in fluid movement velocity;

— condensation of vapor bubbles entrained by the fluid
flow in the area of increased pressure;

— chemical metal destruction in a cavitation zone by oxy-
gen from air released from a fluid when it passes through
zones of low pressure.

The ranges of regulating the cavitation process are limited
by the rotation of the guide blades, since the angle between the
direction of the jet and the guide blades is very small. The
above problems can be solved by changing the blade-outlet
inclination angles on the impellers in the dredge pumps.

When optimizing the geometric shape of the flow parts of
different types of pumps, it is necessary to consider different
optimization criteria. To obtain the values of the optimization
criteria with the specified parameters, the method of three-
dimensional modeling of hydrodynamic processes in the
pump working cavity is used with various model settings,
which makes it possible to solve the set optimization prob-
lem with minimal consumption of computing resources in
the Ansys software package.

78

Currently, the methods of profiling the pump impellers
based on software systems, in particular, using the Ansys soft-
ware package, are the most widespread. The method is based
on modeling the fluid flow in the pump impeller. A fragment of
the pump impeller model is shown in Figure 4 [27].

Figure 4. Pump impeller when simulated in Ansys

Despite the simplicity and computational efficiency, all
classical calculation methods require high qualifications of
the calculator and rich experience in profiling the dredge
pumps to achieve a positive result. Failure to take into ac-
count the full structure of the viscous fluid flow in the dredge
pump flow part does not allow revealing the influence of
many geometric factors on the pump parameters. These in-
clude a change in the angle of the pump blade setting along
the channel, the angle of the blade sweep, the diffuseness of
the channels of the diverting devices, which does not allow
formulating an unambiguous conclusion about the improve-
ment of the dredge pump characteristics.

With the advent of computers capable of high-speed data
processing, sufficient to perform hydrodynamic modeling,
this method of calculating the hydraulic machines is rapidly
developing. Numerical experiment has many advantages
over other research methods. First of all, numerical simula-
tion can significantly reduce the cost of conducting a large
number of full-scale experiments, because after verification
of the mathematical model, it can be used many times with-
out resorting to a physical experiment [28].

The Ansys software package makes it possible to auto-
mate the design process of the impeller flow parts, guiding
apparatus and diverting devices of centrifugal and axial
pumps. The following figures show fragments of the Ansys
program interface for impeller profiling (Fig. 5).

T T ———
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Figure5. 3D model of an impeller developed in the Ansys package
(TurboGrid)

The calculations are made for the dredge pump as a
whole, but only the impeller is parameterized (Fig. 6). When
calculating the pumps with a simple flow part shape, this
approach is more effective [29].
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Figure 6. Optimized and original impeller geometrical shape:
(@) 3D view; (b) blade profile; (c) meridian view

The choice of the computational grid parameters is criti-
cally important when optimizing the flow part. The number
of computational cells directly affects the calculation time,
and, hence, the duration of the entire optimization process.
The greatest accuracy can lead to a significant increase in the
time of the entire optimization, and in the end the whole
work can become meaningless (Fig. 7) [30].

0.100 (m) < .
e v

0025 0075

Figure 7. An example of a computational grid

The choice of the computational grid parameters is a ra-
ther creative process. However, the studies performed in this
work make it possible to form general recommendations for
obtaining a rational number of computational cells that are
acceptable for optimizing the dredge pump impellers.

First of all, it is necessary to determine the total number of
the computational grid points. To perform the necessary opti-
mization for determining a rational number of computational
grid points, the test results of the dredge pump are compared
with the modeling results on grids of different sizes (Fig. 8).

It should also be noted that when calculating many impel-
ler types, it is possible to significantly save computing re-
sources by correctly choosing the grid size for various impel-
ler elements [31].

Figure 8. Computational grid with 436866 cells

Typically, the pump impeller flow part occupies a signif-
icantly smaller volume in space than the diverting and feed-
ing devices, which allows the use of a smaller grid size than
in the rest of the impeller.

When optimizing the flow part individual elements, it is
possible to increase the number of cells to the same order as
when calculating the dredge pump as a whole. Because, when
the number of grid cells is less than 1 million, the computer
time spent on calculation and optimization is much less than
the time spent on processing and analyzing the results.

To reveal the dependence of the impeller parameters at
the inlet and outlet of the dredge pump on the pressure
change, calculations are performed using the Ansys software
package.The calculations are made for a pump with parame-
ters: pump delivery rate Q =400 m%h, head H =32 m and
rotation frequency n =2000 rpm. The blade-outlet angle of
the impeller is S, = 58.18° (Fig. 9). The research purpose is
to test the calculation methods for determining the rational
value of the blade-outlet inclination angle in the pump impel-
lers (fr) to increase the pump efficiency.

@ (b)

Figure 9. Impellers: at the angle of the blades: (a) fz2 = 58.187
(b) pr2 = 50.17 (C) Pz = 907 (d) pmz = 121.24°
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The developed calculation method based on optimization
algorithms using the Ansys software package makes it possi-
ble to select rational angles of setting the impeller blades of
the dredge pump, taking into account the pressure values at
the inlet and outlet. The calculations take into account the
values of the angles of setting the blades from 90° to the
maximum curvature, as well as obtaining the total P; and
static pressure Ps at a given velocity of the impeller rotation.
In some cases, when a large head is required, the angle fr,
can be selected up to Bz, >90° however, this reduces the
impeller efficiency.

3. Results and discussion

The use of large inclination angles of the impeller blades
Sz > 90° is limited due to an increase in losses in the divert-
ing diffuser devices, since in this case the share of the dy-
namic head, which is converted in these devices into static
pressure, greatly increases (Fig. 10c, d).

As can be seen from the graphs above, if we change the
angles of the blades, both static and total pressure are
changed (Fig. 10). If we increase the inclination angle of the
blades on the impellers, the static pressure Ps increases, so
the total pressure P; decreases (Fig. 10c, d). If we set the
inclination angle of the blades on the impellers equal to
S =50.1° as shown in Figure 10b, the static pressure Ps
decreases, and the total pressure P increases.

Analysis of the calculation results shown in Figure 11 in-
dicates that at the blade-outlet inclination angles of the im-
peller fr, =50.1° the performance of the dredge pump is
higher than at other blade-outlet inclination angles of the
impeller (S, = 58.18°, fr, = 90° and S, = 121.24°).

The calculation results indicate that with an increase in
the blade-inlet inclination angle, the efficiency of the impel-
ler decreases. And with an acute angle of the blade-inlet, the
impeller efficiency increases (Fig. 12).

Therefore, it can be stated from Figure 12a, that with an
increase in performance, efficiency decreases (in red), the
head increases cyclically (in blue), and from Figure 12b, on
the contrary, with an increase in performance, the efficiency
becomes higher, but the head decreases.

The graphical results of analysis obtained in the Ansys
software package confirm that the error when calculating the
main impeller parameters with the number of computational
cells up to 500 thousand is no more than 5%, which is quite
acceptable when performing the optimization calculations.

Calculation of one model with the number of computa-
tional cells up to 500 thousand, even in an unsteady setting,
takes only a few hours, which is quite acceptable for solving
the problems of optimal design.

The results of the research performed make it possible to
conclude that the error of the obtained results of numerical
experiment in comparison with the full-scale experiment is
no more than 1-5% both when calculating the head character-
istic and when calculating force factors, such as the rotary
torque, radial and axial loads on the pump impeller. This
allows using the data of a numerical experiment at the stage
of designing a dredge pump.

Thus, it can be noted that one of the main factors influ-
encing the performance of dredge pumps is the blade-outlet
inclination angle of the impellers. The high-speed impeller,
through the use of an improved diverting device, allows
achieving its maximum energy efficiency.
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des: (a) pm2=58.18% (b) pm2=50.1% (C) fm2=90%
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Figure 11. Impeller peripheral velocity: at the angle of the bla-
de: (a)pm2=58.18% (b) pr2=50.1% (C) fm2=90%
(d) pr2 = 121.24°
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Figure 12. Impeller efficiency graph: («) blade-outlet angle is
P2 > 90% (b) blade-outlet angle is fz2 < 90°

The research on the hydrodynamic peculiarities of the di-
verting device, which influences on the characteristics of the
pump, makes it possible to develop impellers that effectively
operate in a wide range of delivery rates.

4, Conclusions

The conducted research has led to the following conclu-
sions. It has been proven that the main reason for the failure
of the flow part components in the dredge pumps is the mani-
festation of the influence of cavitation processes, which can
be eliminated by changing the blade-outlet inclination angles
of the impellers.

The developed method for calculating the flow parts of
dredge pumps, based on the optimization of algorithms for
simulation-mathematical models of the hydrodynamics of
viscous fluids using the Ansys software package, can be
recommended to design organizations, research institutions
and manufacturing enterprises for use in the design, opera-
tion and improvement of dredge pumps at the design stage.

The results of research on the optimization of the geomet-
ric shape of the dredge pump impellers make it possible to
formulate general recommendations for determining a rational
number of computational cells for various impeller elements,
which is sufficient to solve the problems of determining the
optimal parameters of pumps during simulation modeling.

It has been revealed that one of the main factors influenc-
ing the developed head of dredge pumps and the value of
efficiency is the value of the blade-outlet inclination angle of
the impellers. Thus, with the blade-outlet inclination angles
Pz >90° (Fig. 12b) with an increase in performance, effi-
ciency decreases (in red), and the head increases (in blue).
With the blade-outlet inclination angles of B, < 90° on the
contrary, with an increase in performance, the efficiency
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increases, but the head decreases. The low head developed
by the hydraulic pump at the inclination angles of the impel-
ler blades (Br2 < 90°) is explained by the large values of the
relative flow rate on the impeller blades due to the well-
streamlined shape of the blades.

The developed method for calculating the flow parts of
pumps based on the use of optimization algorithms and meth-
ods of computational fluid dynamics makes it possible to de-
sign dredge pumps with optimal characteristics that ensure
their efficient operation with maximum efficiency values.
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Buoip reomeTpuyHoi () OpMH NPOTOYHOI YACTHHM IPYHTOBUX HACOCIB VISl B’A3KUX PiluH

I'. Axanoga, JI. CaraToBa, JI. Atakymnos, Y. Katomos, M. Ictamos

Merta. BctaHOBIIGHHS MOKJIMBOCTI MiABUIICHHS €(pEKTUBHOCTI pOOOTH IPYHTOBUX HACOCIB JJIS BSI3KUX PiAWH IUIIXOM BCTaHOBIJICHHS
palioHaTbHUX 3HAUYCHb BUXITHHUX KYyTiB HAXWITY JJONATOK pOOOYMX KOJIIC HAcOca.
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Metopmuxka. [Ipu mpoBeAeHHI I0CIiPKSHb BUKOPUCTAHO TEOPETHYHI JOCTIIKSHHS CTPYKTYPH Tedii B’SI3KUX PiIUH y MPOTOYHIN YacTHHI
IPYHTOBHX HAcOCiB; METOJ TPUBHMIiPHOTO IPOrPaMHO-IMITAI[iHHOTO MOJICIIOBAHHS TiIPOANHAMIYHHX HPOLIECIB i3 BUKOPHCTAHHSM IIPOTPAMHO-
T0 KOMIUIEKCY ANSys; METOAWKY paliOHAIBHOTO IUIaHYBaHHS CKCIICPHMEHTY Ul BUOOPY 3HA4YEHb YMCIa BY3NIB PO3PaXyHKOBOI CITKH MpPH
ONTHMIi3allii TeOMETPHYHUX TapaMeTpiB pOOOUYHX KOJIiC IPYHTOBUX HACOCIB; METOIM MAaTEMAaTHYHOI CTATUCTHKH 1 KOPEIALiHHOTO aHAaIi3y.

Pe3yabTaTn. [[oBesieHO, [0 OCHOBHOIO IIPHYHMHOIO BUXOXY 3 JIa[y AeTaieil MPOTOYHOI YaCTHHU I'PYHTOBUX HACOCIB € MPOSIBH BIUINBY
IporeciB Kapitamii, SKi MOXYTb OyTH YCYHEHI 3MIHOIO KyTiB HaXWily JIONIATOK poboumx Kojic Ha BHXoXi. Po3poOieHo mporpamHuo-
iMiTaliHHAI KOMIIJIEKC aBTOMaTU30BaHOTO MPOEKTYBAHHs MMPOTOYHUX YAaCTUH IPYHTOBUX HACOCIB HAa OCHOBI 3aCTOCYBAaHHS ONTHMi3alifiHNIX
QITOPUTMIB Ta METO/IB 00UMCIIIOBAIBHOT TiAPOTUHAMIKH, SIKMI 103BOJISIE IPOSKTYBATH IPYHTOBI HACOCH 3 ONTUMAIBHUMH XapaKTepPUCTHKA-
MH, 110 3a0e3neuyoTh epeKTUBHY iX poboTy 3 MakcuMmanbHuMHU 3HaueHHsMu KKJI. BeraHoBieHo, 110 OJHHM 3 TOJOBHUX (HaKTOpiB, II0
BIUTMBAIOTh HA CTBOPIOBAHUI HATUCK IPYHTOBUMH Hacocami i 3HaueHHs KK/, € BennunHa BUXiIHOTO KyTa HaXWITy JOHAaTOK poOOYUX KOJIiC.

HaykoBa HOBU3HA IOJISATa€ B HAYKOBOMY OOIPYHTYBaHHI Ta po3po0iLli iMiTaniiiHO-MaTeMaTHYHOr0 METOLY PO3PaXyHKY I'€OMETPUYHHX
apaMeTpiB MPOTOYHOT YACTHHH IPYHTOBHUX HACOCIB A B’3KHMX Pi/IMH Ha eTarli iX IPOeKTYBaHHS.

IIpakTu4Ha 3HaYUMicTh. PO3p0O0IICHII METO/I BCTAHOBJICHHS PAL[iOHAIBHUX BHXIAHUX KYTiB HAXHIIy JIONATOK POOOUYHMX KOJIC IPYHTO-
BHUX HACOCIB JUIS BSI3KHX PiJIMH MOXE OyTH PEKOMEHJIOBaHMiI MPOSKTHUM, HAyKOBO-IOCIIITHUM 1 TPOMHCIOBHM OpraHi3auisiM JJisi BUKOPHC-
TaHH [IPU BJJOCKOHAJICHHI, IPOEKTYBAaHHI Ta eKCIUTyaTallil IPyHTOBHX HACOCIB.

Kniouosi cnosa: ziopasniunuii mpancnopm, ipynmosuii Hacoc, poboye Koneco, 10nama, 3Hoc, CIMamuiHull mucKk

Bri0op reomerpuyeckoii popmMbl IPOTOYHOH YaCTH IPYHTOBBIX HACOCOB ISl BA3KHX KUIKOCTEH

I'. Akanoga, JI. CaratoBa, JI. Atakynos, Y. Katomos, M. MctamoB

Ieanb. YcTaHOBIEHNE BO3MOXKHOCTH TOBBIIIEHHS 3P ()EKTHBHOCTH pabOTHI TPYHTOBBIX HACOCOB AJISI BA3KHX XKHUAKOCTEH IMyTEM YCTAaHOB-
JICHUSI PAI[MOHAIBHBIX 3HAYCHUH BBIXOHBIX YTJIOB HAKJIOHA JIONATOK Pabodnx KoJiec Hacoca.

Mertoauka. [Ipu nmpoBeneHUN UCCIEJOBAaHUN UCIOIL30BAHBl TCOPETUUECKUE UCCIEIOBAHUS CTPYKTYpPbl T€UEHHs BSA3KHX >KUAKOCTEH B
MIPOTOYHON YaCTU I'PYHTOBBIX HACOCOB; METOJ TPEXMEPHOI0 MPOrpaMMHO-UMHUTAIIMOHHOIO MOJEIMPOBAaHUS MHIPOJUHAMUUYCCKHUX MPOILEC-
COB C HCIIOJIb30BaHMEM IPOrPaMMHOI0 KOMIUIEKCAa ANSys; METOIUKA PallMOHAIBHOTO INIAHUPOBAHUS DKCIIEPHMEHTa JUIs BEIOOpa 3HAUCHUI
YHCIIa Y3JI0B PACYETHOW CETKH IPH ONTHMH3AIMY T€OMETPUYECKHX MapaMeTpoB pabodYHX KOJieC TPYHTOBBIX HACOCOB; METOJBI MaTeMaTHye-
CKOM CTaTUCTUKHU U KOPPEIILMOHHOTO aHAIU3A.

Pesyabrartsl. Jloka3aHo, YTO OCHOBHOM NPUYMHOM BBIXOAA U3 CTPOA AETalel MPOTOYHOM YaCTU TPYHTOBBIX HACOCOB SIBIISIIOTCS MPOSIB-
JICHUS BO3AEHCTBHS MIPOLECCOB KABUTAIMHU, KOTOPBIE MOTYT OBITh YCTPaHEHBI H3MEHEHHEM YIJIOB HAKJIOHA JIONATOK pabodHX KOJec Ha BBI-
xoze. Pa3paboTan nporpaMMHO-IMHTAIMOHHBIN KOMILUIEKC aBTOMAaTH3MPOBAHHOTO IIPOEKTHPOBAHUS IIPOTOYHBIX YacTeH IPyHTOBBIX HACOCOB
Ha OCHOBE IIPUMECHEHUSI ONTUMHU3AUOHHBIX aJlTOPUTMOB U METOJOB BBIYUCIIUTEIBHON IMIPOJUHAMUKY, KOTOPBIN IO3BOJISIET IPOCKTUPOBAThH
TPYHTOBBIE HACOCHI C ONTUMAJBHBIMH XapaKTePHCTHKaMH, oOecrednBaronuX >(G(EeKTUBHYI0 MX paboTy ¢ MAaKCHMAJILHBIMHU 3HaYeHHSIMHI
KIIJl. YcraHOBIEHO, 4TO OJHMM U3 IMIABHBIX (PAKTOPOB, OKA3bIBAIOIIMX BIMSHUC HAa pa3BHBAcMBIil HAIIOP TPYHTOBBIMH HACOCAMH M 3Haue-
Hue KII/I, sBnsercs BeTMUMHA BBIXOAHOTO YIJIa HAKJIOHA JIONATOK pabovux KoJlec.

HayyHasi HOBH3HA 3aKJTI0YAeTCsl B HAYYHOM OOOCHOBAaHMH U Pa3pab0TKe MMHTALMOHHO-MAaTEMaTHUECKOTO METO/a pacueTa reOMeTpH-
YECKHX [TapaMeTPOB IPOTOYHOM YaCTH IPYHTOBBIX HACOCOB JUIA BA3KUX KUIKOCTEH Ha 3TAle UX IPOECKTUPOBAHUS.

IpakTHyeckasi 3HAYAMOCTb. Pa3paboTaHHEIH METON YCTAaHOBIICHHS PAIlMOHAIBHBIX BBIXOJHBIX YTJIOB HAKJIOHA JONMATOK Pabodmx Ko-
JIeC TPYHTOBBIX HACOCOB ISl BSIBKHUX JKHIKOCTEH MOXKET OBITh PEKOMEH/IOBAH IPOEKTHBIM, HAyYHO-NCCIEA0BATENHCKAM U TPOMBIIIIEHHBIM
OpraHu3alMsAM JUIS UCIIOJIb30BAHUS [IPU COBEPIICHCTBOBAHUY, IPOSKTUPOBAHNY U 3KCILTyaTal[ud TPYHTOBBIX HACOCOB.

Kniouesuie cnosa: euopasnuueckuii mpancnopm, 2pyHmogotl Hacoc, paboyue Koieco, T0nacmy, U3HOC, CMAMUYecKoe 0agienue
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