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Torque-flow (TFP) pumps are widely used in various industries for pumping contaminated, fibrous or gas-containing
liquids due to their simple design, reliability and low risk of clogging, despite the limitations of efficiency and head. The
main disadvantages of torque-flow pumps are low energy efficiency (pump efficiency n=0.38-0.58) and the possibility of
clogging of their flow part by the pumped product. This problem can be solved by ensuring the self-cleaning effect of the
torque-flow pump by designing the impeller with a non-cyclic arrangement of blades, which will ensure a pulsating nature
of the pressure in its inter-blade channels. The aim of the study was to establish the characteristics of a pump with non-
cyclic arranged blades and compare the results obtained with the characteristics of a similar pump with evenly arranged
blades. To conduct a numerical research in the ICEM CFD software package, unstructured computational meshes of the
stator element (housing) and the rotor element (impeller) were created. The pump operating process was simulated in a
stationary setting using the Ansys CFX software package, and the k- turbulence model in a stationary setting was used,
water at a temperature of 25°C was used as the operating medium. According to the results of the study, it was found that
when using an impeller with a non-cyclic arrangement of blades (with no blades), there is an increase in the relative velocity
near the operating side of the blade in the expanded inter-blade channel, an uneven distribution of relative velocity at the
entrance to the wheel simultaneously with the appearance of a flow separation zone in the inter-blade channels, which leads
to increased losses, reduced pressure and, accordingly, pump efficiency. At the same time, the above allows us to state
that according to Bernoulli's law, there is some increased pressure in the expanded impeller channels with a non-cyclic
arrangement of blades in the reduced speed zones. This increased pressure creates the prerequisites for unstable relative
motion of the operating fluid compared to using a standard impeller. In turn, this mechanism can be used as a self-cleaning
mechanism for torque-flow pumps.
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Introduction. Nowadays, torque-flow pumps (TFP) are
widely used in various branches of ukrainian and global
industry, as well as in the national economy. These pumps
are designed for pumping contaminated liquids, liquids with
solid and fibrous impurities, as well as liquids with gaseous
components (Panchenko et al., 2021).

The effectiveness of their use for such tasks is
determined by their design and operational characteristics
(Gao, et al., 2014):

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

- simplicity of design (for example, the absence of front
seals and the simple shape of the flowing part);

- the special location of the impeller and the presence
of a free chamber allow a significant part of the liquid to pass
without contact with the wheel;

- low probability of clogging of the pump due to clogging
of the flow part.

The combination of these factors ensures high wear
resistance and reliability of the pumps (Quan, et al.,
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2019). In addition, the possibility of quick maintenance
and repair increases the efficiency of their use in various
fields (Antonenko, et al., 2021). This largely compensates
for their economic disadvantages. At the same time, the
main disadvantages of TFP pumps are their low efficiency
(up to 58%) and a limited height of liquid rise (up to 100 m)
compared to centrifugal analogues (Gusak, et al., 2017).

Torque-flow pumps are actively used today in various
industries (Krishtop, et al., 2015), in particular in the food
and chemical industries. They are also used in communal
and agricultural industries for pumping fecal, soil and
wastewater, as well as silt.

In the transport sector, these pumps are used to move
fruit, fish, juices, suspensions, syrups and other substances
such as wood pulp, waste paper, polymers and gaseous
liquids (Kotenko, et al., 2014).

In addition, they have promising applications in energy
(in particular, thermal energy), metallurgy, mining, as well as
in the oil and coal industries (Kondus, et al., 2018).

At the same time, torque-flow pumps are a relatively new
type of pumping equipment, which is characterized by ease
of use and provides high reliability, durability and economic
efficiency when operating with two- or more faze hydraulic
mixtures. They also effectively cope with the transportation
of various solid substances and products (Kumar, et al.,
2023; Kondus & Kotenko, 2017).

Analysis of the components of the life cycle of pump-
ing equipment and the main trends in the development of
the pump market indicate the advantages of torque-flow
pumps (TFP) (Krishtop, et al., 2014) when pumping liquids
with a high content of abrasive particles, suspensions with
a large content of solids and fibrous impurities, liquids with
increased density, as well as liquids with a high air or gas
content (Rogovyi, et al., 2022; Dehnavi, et al., 2023). They
also effectively handle shear-sensitive liquids and liquids
with fragile components, ensuring smooth and continuous
transport of fibrous slurries. (Jung, et al., 2023).

Despite their numerous advantages, torque-flow pumps
(TFP) also have disadvantages, the main of which is low
efficiency (the efficiency of the pump is n=0.38-0.58) (Deh-
ghan, et al., 2024). However, despite this drawback, the use
of torque-flow pumps still provides a significant economic
effect, thanks to their reliability, durability and efficiency
when operating with various liquids.

It should be noted that in research (Kondus, et al., 2024)
the authors proved the perspective of using impellers with a
non-cyclic arrangement of blades for the purpose of forming
a self-cleaning mechanism of torque-flow pumps.

Materials and Methods. Taking into account the above
data, the purpose of the study is to establish the characteristics
of a pump with unevenly spaced blades and to compare the
obtained results with the characteristics of a similar pump
with evenly spaced blades in the area of possible use of
the pump, namely in the range of Q=0.6-1.2Q,_.. Achieving
the set goal contributes to the achievement of "industry,
innovation and infrastructure” (SDG9) and "clean water and
proper sanitation" (SDG6).

At the same time, the torque-flow pump TFP 125-60 was
chosen as the research object with parameters: flow rate

Q - 125 m¥h, head — 60 m, rotation frequency — 1500 rpm,
efficiency — 40%.

To achieve this goal, the following tasks are set:

- development of designs of impellers with the specified
arrangement of blades (8 blades for uniform and 6 blades
for uneven arrangement);

- creation of solid-state models of the operating
environment for the stator part (free chamber) and the rotor
part (impeller);

- assignment of initial conditions for conducting a
numerical research in the ANSYS CFX Pre environment;

- carrying out a numerical research using the Solver
software package;

- analysis of the obtained pump parameters for the
studied operating range in CFX-Post.

The design of the blades of the impeller (Fig. 1) was
carried out by applying the following theoretical formulas
(Dehnavi, et al., 2023):

Differential equation for the blade skeleton in plan:

_dr .
rigB’

where 6 — the angle of coverage of the blade of the
impeller; r — radius vector; B — the installation angle of the
impeller blade.

At the same time, the angle of coverage of the blade
in the plan can be expressed by the following dependence:

de ™

o 1807 dr 2
n ; righ
where r, r, radius of inlet and outlet of the impeller,
respectively.

The angle of installation of the blade at any radius can
be determined according to the dependence:

. s v
sinp = 7 + W (3)

where S - blade thickness, | — blade length,
V., — meridional component of absolute velocity, W - relative
velocity.

The subject of analysis is the operating process in
the flowing part of the TFP 125-50 pump equipped with a
standard impeller and an impeller with two missing blades.

To solve this problem, an impeller design with two
missing blades was used. Compared to the standard
variant, the proposed configuration has 6 blades instead
of 8. The calculation was performed both for the standard
impeller (Fig. 2a) and for the variant with omitted blades
(Fig. 2b).

The three-dimensional model of the liquid in the flowing
part of the pump body (Fig. 3) remains the same for
both versions of the impellers and was created using the
Solidworks software.

The three-dimensional model of the liquid 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).

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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Fig. 1. The sequence of building the skeleton (design) of the impeller blade

R

Fig. 2. Three-dimensional model of the TFP 125/50 pump impeller: a — basic option; b — the proposed option

Fig. 3. Three-dimensional model of the liquid in the TFP 125/50 pump flowing part of the case

a b
Fig. 4. Three-dimensional model of the liquid in the inter-blade channels of the impeller
for the standard (a) and for the proposed impeller (b)
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To conduct a numerical research (Kondus, et al., 2021),
a calculation grid was created using the ICEM CFD soft-
ware package. The calculation area includes two main ele-
ments: the free chamber of the pump body (Fig. 5) is a sta-
tor element, and the impeller (Fig. 6) is a rotating element.
An unstructured calculation grid was constructed for both of
these elements.

A layer of prismatic cells was used to model the flow in
the boundary layer near solid walls (Gerlach, et al., 2016).
A tetrahedral mesh was used in the central part of the flow,
both in the free chamber and for the impeller. The total num-
ber of elements of the calculation grid was 1 million 550
thousand cells. Flow modeling was performed in a station-
ary setting.

The computational model was created in the Ansys CFX
environment. Water at a temperature of 25°C was used as
the operating environment. 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 the turbulent movement of fluid in the flow part of
the TFP torque-flow pump with sufficient accuracy up to 5%
(Dehnavi, et al., 2024).

As a boundary condition at the entrance to the calcula-
tion area, the mass flow through one channel of the impeller
was set, which was determined using the appropriate for-
mula:

G=0-p; 4)

where p is the density of the operating environment, Q is
the volume flow rate of liquid passing through the flow part
of the pump.

The boundary condition at the outlet of the computational
domain was defined as a static pressure fixed at 1 MPa,
since all further studies and comparisons were made for
relative values. Given the possibility of reverse flows at the
exit from the calculation area, the type of boundary condition
was set as "opening”, which allows free movement of fluid in

both directions. The convergence criterion was to achieve an
accuracy of 10, which is sufficient for scientific calculations
(Zhang, et al., 2022).

As aresult of the numerical research, data were obtained
for feeds of 0.6Q,.,, 0.8Q,., and 1.2Q_, for an impeller of
a conventional design and an impeller with two missing
blades.

The study also presents comparative visualizations of
the flow in the flow part of the pump for both variants of
impellers, namely the standard impeller and the impeller
with two missing blades.

Results. The obtained results are well visualized using
the distribution of relative velocities in the inter-blade chan-
nels of a standard impeller and an impeller with a non-cyclic
arrangement of blades near the edge of the blades, in the
middle of the inter-blade channel and near the pump impel-
ler disk.

The distribution of relative velocities in the interblade
channels of the impeller at 80% of the optimal supply
(Q=0.8 Q) near the edge, in the in the middle of the inter-
blade channel, and near the disc is shown in Figures 7-9.

The distribution of relative velocities in the interblade
channels of the impeller at 80% of the optimal supply
(Q=0.6 Q) near the edge, in the in the middle of the inter-
blade channel, and near the disc is shown in Figures 10-12.

The distribution of relative velocities in the interblade
channels of the impeller at 80% of the optimal supply
(Q=1.2 Q) near the edge, in the in the middle of the inter-
blade channel, and near the disc is shown in Figures 13-15.

Discussion. When looking at the patterns of relative speed
distribution, the following can be noted: when using a standard
impeller (fig. 7a — 14 a), a stable pattern of relative speed
distribution is observed in each of the inter-blade channels.
In turn, when using an impeller ((fig. 7b — 14 b) with a non-
cyclic arrangement of blades (with missing blades), there is
an increase in speed near the working side of the blade in
the expanded inter-blade channel, an uneven distribution

Fig. 5. Calculation grid for the flowing part of the TFP 125-50 casing
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a b
Fig. 6. Calculation grid for the impeller: a — basic version; b — the proposed version
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Fig. 7. Distribution of relative velocity (Q=0.8 Q,_,) near the edge of the blades for: a - standard impeller;
b — impeller with a non-cyclic arrangement of blades
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Fig. 8. Distribution of relative velocity (Q=0.8 Q,_,) in the middle of the inter-blade channel for:
a - standard impeller; b — impeller with a non-cyclic arrangement of blades

Fig. 9. Distribution of relative velocity (Q=0.8 Q,_,) near the pump impeller disk for: a — standard impeller;
b — impeller with a non-cyclic arrangement of blades
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Fig. 10. Distribution of relative velocity (Q=0.6 Q,_,) near the edge of the blades for:
a — standard impeller; b — impeller with a non-cyclic arrangement of blades
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Fig. 11. Distribution of relative velocity (Q=0.6 Q) in the middle of the inter-blade channel for:
a — standard impeller; b — impeller with a non-cyclic arrangement of blades
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Fig. 12. Distribution of relative velocity (Q=0.6 Q,_,) near the pump impeller disk for: a — standard impeller;
b - impeller with a non-cyclic arrangement of blades
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Fig. 13. Distribution of relative velocity (Q=1.2 Q,.,) near the edge of the blades for: a — standard impeller;
b - impeller with a non-cyclic arrangement of blades
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Velocity
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Fig. 14. Distribution of relative velocity (Q=1.2 Q
a - standard impeller; b — impeller with a non-cyclic arrangement of blades
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) in the middle of the inter-blade channel for:

a

Fig. 15. Distribution of relative velocity (Q=1.2 Q,.,) near the pump impeller disk for:
a - standard impeller; b — impeller with a non-cyclic arrangement of blades

of speed at the entrance to the wheel at the same time as
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, the efficiency of the pump. There is
a general decrease in speed from the edges to the disk.

At the same time, the above allows us to state that,
according to Bernoulli's law, there is some increased pressure
in the zones of reduced speed in the expanded channels of
the impeller with a non-cyclic arrangement of the blades.
It is this increased pressure that creates the prerequisites
for unstable relative movement of the operating fluid in
comparison with the use of a standard impeller. In turn, this
mechanism can be used as a self-cleaning mechanism for
torque-flow pumps.

Conclusions. This publication proves the perspective
of using impellers with a non-cyclic arrangement of blades

for the purpose of forming a self-cleaning mechanism of
torque-flow pumps. When using a standard impeller, a sta-
ble relative speed distribution is observed in the inter-blade
channels. A non-cyclic blade arrangement (with missing
blades) causes speed increases near the blade's working
side in expanded channels. This configuration results in
uneven speed distribution at the wheel entrance and the
formation of flow separation zones. Such phenomena lead
to higher losses, reduced pressure, and lower pump effi-
ciency. A general velecity decrease is observed from the
channel edges toward the disk. According to Bernoulli's law,
zones of reduced velocities in expanded channels exhibit
increased pressure. This pressure contributes to unstable
relative fluid movement compared to standard impeller
designs. The observed mechanism can be potentially uti-
lized as a self-cleaning feature in torque-flow pumps.
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JocnidxeHHs1 po6o4yoz2o npouyecy pobomu 8inbHOBUXPOBO20 Hacoca 3 HEUUKNiYHUM pPo6O4UM KOJlecoMm y
poboyomy diana3oHi

BinsHosuxposi (TFP) Hacocu WupoKo 3acmoco8yrombCsl 8 Pi3HUX 2ay3sx npomuciogocmi 0115 nepekadysaHHsi 3abpyo-
HeHUX, 80/I0KHUCMUX abo 2a308MicmHUX PiOuH 3a80siKu iX npocmili KOHCMpPYKuii, HadilIHOCMi ma HU3bKOMY PU3UKy 3ac-
MIYEHHSI, He38axato4u Ha obMexeHHs echekmueHocmi ma Haropy. OCHOBHUMU HedosikaMu BifTbHOBUXPOBUX Hacocie
€ HU3bKa eHepaoeghekmusHicmb (KK Hacoca n=0,38-0,58) i moxnuesicmb 3acMiYeHHSI ix MPOMOYHOI YyacmuHU rpodyKmom,
Wo nepekadyemscsi. 3a3HadeHa npobnema moxe bymu supilieHa wWrssxoM 3abesneyeHHs eghekmy camOOHULEHHS 8irlb-
HOBUXP0OB020 Hacoca 3a OOMOMOZOK MPOEKMYB8aHHS pPOBOYO20 Korneca 3 HePIBHOMIPHUM po3maluysaHHAM fornamed, sike
3abesneyums nynbcauiliHul xapakmep mucky 8 tio2o Mixrnornamesux kaHanax. Memotro docnidxeHHsi 6yno 6CmaHo8neHHs
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Xapakmepucmuk Hacoca 3 HepieHOMIPHO po3malo8aHUMU 10MamsiMU ma ropIiBHSIHHS OMPUMaHUX pe3ynibmamie i3 Xapak-
mepucmukamMu aHarnoaiyHo2o Hacoca 3 PiIGHOMIPHO po3mawiosaHuMu fonamsmu. [ns npoeedeHHs: YucenbHo20 A0CHi-
0XeHHs y npozpamHomy rakemi ICEM CFD 6ynu cmeopeHi HecmpyKmypoeaHi po3paxyHKo8i CimKu cmamopHo20 ene-
MeHmy (Kopryc) ma pomopHo20 enemeHmy (poboye komneco). ModemogaHHs1 pobo4020 Mpouecy Hacoca 8UKOHY8anocs
y cmauioHapHili mocmaHo8uj 3 8UKOPUCMaHHSIM npoapamMHo20 Komriekcy Ansys CFX, npudomy Oyna sukopucmaHa k-€
Molenib mypbyneHmHocmi y cmauioHapHil nocmaHosy, 8 sskocmi poboyoeo cepedosulya sukopucmosysanacs goda 3a
memnepamypu 25°C. 3a pesynbmamamu AoCidxeHHs1 6CmaHO8eHo, WO pu 8UKopucmarHi pobo4yo2o Koreca 3 Heyu-
KAIYHUM po3maluysaHHsIM ionamed (3 eidcymHimu nonamsamu) 8i0bysaembcs 36inbweHHs] 8iOHOCHOI weudkocmi bins
pob0o40i CmopoHU f1orMami 8 PO3WUPEHOMY MiX/IonameeoMy KaHarTi, HepieHOMIPpHUL po3rodin weudkocmi Ha 8x00i 8 KOrleco
00HOYACHO 3 1051800 30HU 8iOpUBY MOMOKY 8 MiX/Ionamesux KaHarnax, Wo npusgooums 00 36iIbWEHHST 8mpam, 3MeH-
WeHHS1 mucky i, 8idnosioHo, KK/ Hacoca. Y mol xe 4ac suwesuknadeHe 0038011s5€ cmeepdxysamu, W0 32i0HO i3 3aKOHOM
BGepHynni 8 po3wupeHux KaHanax pobo4o2o Konneca 3 HEUYUKMIYHUM po3mauly8aHHaM fornamel 8 30HaX 3HUXEHOI WeUdKo-
cmi icHye desakul nidsuweHuti muck. Came makul nidguweHuli muck cmeoproe nepedymosu 07151 HeCmiliko2o 8i0HOCHO20
PyXy poboyoi pidUHU 8 MOPIBHSIHHI 3 BUKOPUCMaHHSIM cmaHdapmHo20 pobo4yo20 Koneca. Y cgoto yepay, uel MexaHiam Moxe
6ymu sukopucmaHuli Ik MexaHi3M caMoOYULEHHST O11s1 8iTbHOBUXPOBUX HACOCI8.

Knrovoei cnoea: LJCP OOH, gibpauitiHa HaditiHicmb, 8apmicmb Xummego20o YUKy, eHepeoehekmugHicms, 008208i4-
Hicmb, ehekm caMOOYUWeHHS 8 Hacocax.
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