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AOCTIIZKEHHA POBOYOI'O TIPOHECY BIIBHOBUXPOBOI'O HACOCA 3
HEPIBHOMIPHHUM PO3TAIIYBAHHSAM JIOITATEBOI CUCTEMHA POBOYOI'O KOJIECA

3 02na0y Ha nocmiilHo 3pocmaiouy eapmicms eHepopecypcie y ceimi, HA Hepuiuil NIAH GUXOOUMb NUMAHHA
epekmuenocmi 6UKOPUCIMAHHA eHepeemuuno20 oonaonanna. Ilpu yvomy, came nacocne 061a0HAHHA € OOHUM 3 OCHOGHUX
cnoxcusauie enexmpoenepzii'y ceimi. Cepeoniit nOKa3HUK CROMHCUGAHHA elIeKMPOeHeP2ii HACOCHUM 00NAOHAHHAM 3G 2any3AMU
eKkonomiku cmanosums onuzvko 20%, y momy uucni 00 50% 6 okpemux zanyzax zocnooapcmea. Takum uunom, 3HuNCEHHA
€HEeP2OCNONHCUBAHHA HACOCHO20 00IAOHAHHA WNAXOM RIOGUUEHHA 11020 eHep2oeheKmMUBHOCII € 00HUM 3 6ANCIUBUX RUMAHD
w000 oocaznenna Llineii cmanozo pozsumxy OOH (30xpema, LICP 6 “ucma 600a ma nanesxcni canimapni ymosu”, [[CP 7
“Nocmynna ma uucma enepzia”, IJCP 9 “IIpomucnogicms, innogauii ma ingppacmpyxmypa®) Ocnoenumu nepegazamu
GUKOPUCMANHA BI/IbHOBUXPOGUX HACOCIB € IX NPOCMOmMAa KOHCMPYKYil, RIO8UWEHUIL pecypC CYyHCOU ma MeHua IMOGIpHICM b
3a0pyonennsn y nopieHanui 3 eioyenmpoeumu ananozamu. OOHAK, BUKOPUCMAHHA HACOCI6 YbO20 MUNYy noe'asawe i3
mpanconpmy6anna piouH 3 pizHuUMU munamu eéKiioueHv. Lle morce npuzeodumu 00 HeamueHux HACHIOKIG y eucnAdi
3acmiuenna NPOXIOHUX KAHANIG, 3HUINCEHHA NPOOYKMUBHOCHI, eHepzemuuHOol epeKmueHocmi GinbHOBUXPOGUX HACOCIE.
Cmammas npuceauena po3pooyi 0ic6020 mexanizmy 3ano0izanna 3acMiYeHHA HACOCI6 0AHO20 MUNY, W0 003601UNbL CYMMIEBO
nioguuiumu enepzoegheKmueHicmy HacoCHO20 00NAOHAHNHA MA NIOBULUMU PECYPC 1020 CYHCOU.

Knwuoei cnosa: yini cmanoeo pozsumky OOH, yucma 8ooa, docmynna ma uucma eHepeis, npomMuciogicms, innosayii ma
iH(hpacmpykmypa, 8iIbHOBUXPOBI HACOCU, eHEP2OePHEKMUBHICTD.
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THE RESEARCH OF THE TORQUE-FLOW PUMP OPERATING PROCESS WITH AN
UNEVEN ARRANGEMENT OF THE IMPELLER BLADE SYSTEM

Given the ever-increasing cost of energy resources in the world, the issue of efficiency in the use of energy equipment
comes to the fore. At the same time, the pumping equipment itself is one of the main consumers of electricity in the world. The
average rate of electricity consumption by pumping equipment by economic sector is about 20%, including up to 50% in certain
sectors of the economy. Thus, reducing the energy consumption of pumping equipment by increasing its energy efficiency is
one of the important issues regarding the achievement of the UN Sustainable Development Goals (in particular, SDG 6 "'Clean
water and sanitation', SDG 7 "Affordable and clean energy', SDG 9 "Industry, innovation, infrastructure') The main
advantages of torque-flow pumps using are their simplicity of design, increased service life and lower probability of
contamination compared to centrifugal analogues. However, the use of pumps of this type is associated with the transportation
of liquids with various types of inclusions. This can lead to negative consequences in the form of clogging of passage channels,
reduction of productivity, energy efficiency of torque-flow pumps. The article is devoted to the development of an effective
mechanism for preventing the clogging of pumps of this type, which will significantly increase the energy efficiency of the
pumping equipment and increase its service life.

Key words: UN sustainable development goals, clean water, affordable and clean energy, industry, innovation and
infrastructure, torque-flow pumps, energy efficiency.

1. Introduction.

Today, free-vortex pumps are widely used in various spheres of Ukrainian and foreign industry and
national economy [1]. This type of pump is designed to move contaminated liquids, liquids with solid and
fibrous impurities, as well as liquids with gaseous components.

The efficiency of using these machines for similar tasks is determined by the design and operational
characteristics [2]:

- simplicity of design (for example, lack of front seals, simple shape of the flow part);

- the features of the location of the impeller and the presence of a free chamber together with the
features of the working process of free-vortex pumps ensure the passage of a significant part of the liquid
without contact with the impeller;

- low probability of clogging of the pump, clogging of its flow part.

The total value of these factors provides great wear resistance and reliability. Together with the
possibility of quick maintenance and repair, this ensures efficient use in a variety of industries. It is
important to note that this significantly compensates for economic disadvantages.

However, the main disadvantages of torque-flow pumps [3] are low efficiency (up to 58%) and
limited heads (up to 100 m).

Torque-flow pumps are currently widely used in various industries, in particular in the food and
chemical industries. They are also used in municipal and agricultural industries for pumping fecal, soil and
sewage liquids, as well as sludge. In the field of transport, torque-flow pumps are used to move fruits, fish,
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juices, suspensions, syrups and other various substances, such as wood pulp, waste paper, polymers,
gaseous liquids and others. Their use is also promising in energy (thermal energy), metallurgy, mining, oil
and coal industries.

2. Literature review and formulation of the research problem.

Torque-flow pumps are a relatively new type of pumping equipment, which is characterized by an
easy-to-use design and provides high reliability, durability and economic efficiency while operating with
hydraulic mixtures. In addition, they effectively cope with the transportation of various solid substances
and products [4].

Analysis of the components of the life cycle of pumping equipment and the main trends in the
development of the pump market indicate the advantages of torque-flow pumps [1] when pumping liquids
with a high content of abrasive particles, suspensions with a significant content of solids and fibrous
impurities, liquids with increased density, liquids with a high air content or gas [5], liquids sensitive to
shear, as well as liquids with fragile substances, while ensuring unhindered and continuous transport of
fibrous suspensions [6].

Despite these advantages, torque-flow pumps have their disadvantages, the main of which is low
efficiency (the pump efficiency is n=0.38-0.58). However, even with this, the use of torque-flow pumps
leads to a significant economic effect. At the same time, a significant decrease in the energy efficiency of
pumps of this type is associated with clogging of the passage channels (in particular, the impeller) when
pumping liquids with inclusions (for example, sewage) [7].

3. The aim and objectives of the research.

The aim of the research is to develop an effective mechanism for preventing clogging of the passage
channels (in particular, the impeller) of torque-flow pumps while pumping liquids with inclusions.

To achieve this aim, the following tasks are set:

- development of structures of elements of passage channels of the flow part of free-vortex pumps
with a mechanism to prevent their clogging;

- determination of the methodology of experimental research;

- conducting an experimental research;

- analysis of the obtained results;

- establishing the degree of influence of the developed pump design on its integral characteristics and
flow parameters in it in comparison with the basic version of the pump.

4. Methodology for designing the structure of the profiled impeller of the torque-flow pump.

- The design of the impeller, in particular its passage channels (Fig. 1), was carried out in accordance
with the recommendations given in the work [5]. In particular, the blade skeleton was designed for this,
namely:

- The differential equation for the blade skeleton in plan:

dr
0=—-; (1)
rgps
- the angle of coverage of the blade in the plan, expressed in degrees:
180 % dr
=0 ar (2)
7 5 ngp
- angle of inclination of the blade at any radius:
. S V'
sinff=—+-—" (3)
b I W

5. Methods of experimental research conducting.

The torque-flow pump SVN 125-50, which is widely used in production processes for transporting
liquids with inclusions [1, 3], was chosen as the research object. The object of analysis is the operating
process [6] in the flowing part of the SVN 125-50 pump equipped with a standard impeller and an impeller
with two missing blades. The main parameters of the pump is: flow rate - 125 m3/h and head - 50 m.

To solve this problem, an impeller design with two missing blades was used. Compared to the basic
version, the proposed configuration of the impeller has 2 blades less (6 instead of 8). The basic hypothesis
is that due to the different angle of coverage of standard and extended inter-blade channels, pulsation
processes will be formed. This pressure pulsation will prevent clogging of the passage channels of the

pump.
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Fig . 1. Designing of the impeller blade

The calculation was performed both using the standard version of the impeller (Fig. 2 a) and the
version using the proposed impeller with missing blades (Fig. 2 b).

The Ansys CFX software [8] was used to conduct the experimental study, which has proven itself
well in solving similar problems [9-11].

The solid-state model [12] of the fluid in the flowing part of the stator pump housing element (Fig.
3) remains the same for both versions of the impellers and was created using the Solidworks software
product.

The solid-state model of the fluid in the inter-blade channels of the impeller is presented for the
standard impeller (Fig. 4 a) and for the proposed variant (Fig. 4 b).

=\

a b
Fig. 2. Construction of the impeller of the SVN 125-50 pump: a - basic version; b - the
proposed version

To carry out a numerical research, a calculation grid was built [13] using the ICEM CFD software
package. The calculation area [15] includes two main elements: the stator element of the pump housing
(Fig. 5), and the rotor element - the impeller (Fig. 6). An unstructured calculation grid was created for both
elements of the workspace. For effective modeling of the flow in the boundary layer near solid walls, a
layer consisting of prismatic cells was used. A tetrahedron mesh was used in the flow core for the free
chamber and the impeller. The total number of elements of the calculation grid is 1 million 550 thousand
cells. The flow simulation was carried out in a stationary setting.

The computational model [16] was created in the Ansys CFX environment. Water at a temperature
of 2501C was used as the operating medium. The operating mode was defined as turbulent. The standard
k-¢ turbulence model was used to solve the Reynolds equations. This model makes it possible to describe
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the turbulent movement of the liquid in the flowing part of the SVN 125-50 torque-flow with sufficient
accuracy [17].

As a boundary condition at the entrance to the calculation area, the mass flow rate through the
channel of the impeller was set, which was determined using the corresponding dependence:

Gmn :Qpl (4)

where P is water density; Q is the volume flow rate of liquid passing through the flowing part of
the pump.

The boundary condition at the exit from the calculation area was set by static pressure. In this case,
the pressure value was fixed at 1 MPa, since all subsequent studies and comparisons were made for relative
values.

Taking into account the possibility of reverse currents [18] at the exit from the calculation area, the
boundary condition type was set as "opening".

The convergence criterion [19] was to achieve an accuracy of 10-4, which is sufficient for scientific
calculations.

Fig. 3. The solid-state model of the fluid in the flowing part of the pump casing

a b
Fig. 4. The solid-state model of the fluid in the impeller: a - basic version; b - the proposed
option
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Fig. 5. Calculation grid for the flowing part of the pump casing

Fig. 6. Calculation grid for the impeller: a — basic version; b - of the proposed version

6. Research results.

As a result of the conducted experimental research, the integral characteristics and main operating
parameters of the pump were obtained [20-21] in the range of supply from 6.25 m3/h to 150 m3/h (0.05Qopt
- 1.2Qopt) for the impeller of a conventional design and the impeller with two missing blades (Fig. 7).

The standard permissible ranges of flow rates modes for different operating types are defined as
follows: for short-term operating: from 70% to 120% of the optimal flow rate; for long-term operation:
from 90% to 110% of the optimal flow rate.

Based on the results of the study, the following patterns were found for the calculation mode.

An impeller with missing blades has a 2.3% lower head than a conventional impeller (59.44 m and
60.83 m, respectively). The pump with an impeller with missing blades has a slightly lower (up to 0.7%)
energy efficiency value compared to the impeller of the basic design (39.8% and 40.5%, respectively). For
the working zone of the supply range, an approximately similar picture of the ratio of pressures and energy
efficiency is observed.

Further studies provided comparative visual representations of flow in a pump with an impeller of
conventional design and an impeller with missing vanes.
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The distribution of total pressure in the inter-blade channels of the impeller near the edge, in the
center of the channels, and near the disc is shown in Figures 8-10.
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Fig. 7. Integral characteristics of the SVN 125-50 torque-flow pump with an impeller of a
conventional design and an impeller with missing blades

The following pattern is observed: on a normal impeller, the same distribution of pressure in the
inter-blade channels is found, while on a wheel with missing blades, a decrease in pressure in the expanded
channels can be observed, parallel to an increase in pressure near the working side of the blade. This
indicates the presence of the phenomenon of pressure and head pulsation in the structure of the impeller
with missing blades.

The distribution of relative velocities in the inter-blade channels of the impeller near the edge, in the
center of the channels, and near the disc is shown in Figures 11-13.
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Fig. 8. Distribution of total pressure near the edge for: a — a conventional impeller; b -
impeller with two missing blades
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Fig. 9. Distribution of total pressure in the center of the inter-blade channels for: a—a
conventional impeller; b - impeller with two missing blades
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Fig. 10. Distribution of total pressure near the disc for: a - a conventional impeller; b -
impeller with two missing blades

a b
Fig. 11. Distribution of the relative velocity near the edge for: a - a conventional impeller; b -
impeller with two missing blades
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Fig. 12. Distribution of the relative velocity in the center of the interblade channels for: a - a
conventional impeller; b - impeller with two missing blades
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Fig. 13. Distribution of the relative velocity near the disk for: a - a conventional impeller; b -
impeller with two missing blades

When analyzing the patterns of the distribution of relative velocity, the following can be noted: on a
conventional impeller, a uniform distribution of relative velocity is observed in all inter-blade channels,
while on an impeller with missing blades, an increase in velocity near the operating side of the blade in the
extended channel is noted. There is also an uneven distribution of velocity at the inlet to the impeller, along
with the appearance of a flow separation zone in the inter-blade channels. This leads to an increase in losses,
a decrease in pressure and, accordingly, a decrease in energy efficiency. In general, there is a decrease in
the relative velocity from the edges to the disk.

For the calculation mode, pressure distribution plots near the edge, in the center of the inter-blade
channels, near the disk for both types of impellers were constructed and compared.

It can be seen from Figures 8-10 that a similar pressure distribution is observed on all inter-blade
channels of a wheel of a standard design. At the same time, in the wheel with missing blades in the expanded
inter-blade channels, compared to normal ones, the pressure is a little lower (in the intervals between points
19...1 and 7...13), and the pressure near the operating side of the blade for the expanded channel (points 1
and 13) higher. This is explained by the presence of an expanded channel and, as a result, more liquid
interacting with the operating side of the blade. The above-mentioned picture indicates the presence of
certain pressure pulsations in the impeller with missing blades, which allows to almost completely avoid
sticking of the viscous product on the impeller blade.
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7. Conclusions.

While analyzing the results of the research, the following features were noted when comparing the
impeller of the basic design and the proposed impeller:

1. On an impeller with missing blades, there is a decrease in absolute (total) pressure in the expanded
channels and an increase in absolute (total) pressure near the operating side of the impeller blade. This
indicates the presence of certain pressure pulsations in the impeller.

2. The relative velocity distribution on an impeller with missing blades reveals an increase in velocity
near the operating side of the blade in the extended channel and a non-uniform velocity distribution at the
inlet to the impeller. This also confirms the presence of such pulsation processes.

3. The indicated pulsation effects create prerequisites for almost complete avoidance of sticking of
the viscous product on the impeller blades.

Comparing the results of the physical and numerical research of the flowing part using the basic
model of the impeller, it was found that they differ only within the margin of error. This confirms the
adequacy of the choice of initial and boundary conditions, the fluid model, as well as the physical properties
of the fluid.

Based on the results of the research, the following was found for the calculation mode:

1. An impeller with missing blades has a lower pressure (59.44 m) compared to an impeller of
conventional design (60.83 m).

2. The impeller with missing blades turned out to have a lower efficiency compared to the impeller
of conventional design (39.8% and 40.5%, respectively).

3. In the operating zone of the flow rate range, an approximately similar picture of the ratio of
pressures and energy efficiency is observed.
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