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Abstract. The design of reliable and durable pumping units is consistent with the achievement of a number of the 

United Nations’ sustainable development goals (SDG), in particular, “Clean water and proper sanitation” (SDG 6), 

“Affordable and clean energy” (SDG 7), and “Industry, innovation and infrastructure” (SDG 9). Notably, the use of 

torque-flow pumps is associated with the need to transport liquids of various types. Such an operating process can cause 

clogging of the flowing part of the pump (primarily the impeller) by pumping products, mainly wet wipes, solids, and 

inclusions. As a result of scientific research, an effective self-cleaning mechanism for the torque-flow pump was 

developed, which was the primary goal. The authors proved that the flow of actual fluid in the interblade channels of 

the impeller is characterized by an uneven distribution of absolute pressure and relative speed, which is a prerequisite 

for forming an uneven pulsating nature of motion (the key hypothesis of the study). To implement the proposed 

hypothesis, an impeller with uniform and non-uniform distribution of blades was developed, and the movement of 

actual fluid flow in their interblade channels was considered. As a result of the research, it was established that in the 

expanded interblade channels, there is a pulsation of the absolute (total) pressure value, which is more than 2 times 

higher than the indicator of an impeller with a uniform distribution of blades. This creates prerequisites for self-cleaning 

of the developed impeller of the torque-flow pump. 

Keywords: energy efficiency, vibration reliability, durability, UN SDGs, process innovation, life cycle cost.

1 Introduction 

Currently, there is a rapid increase in the cost of 

energy resources, particularly electricity [1]. This is 

primarily due to logistical problems and growing energy 

consumption in the world [2]. Remarkably, the pumping 

equipment itself is one of the leading energy consumers in 

various industries, particularly when transporting liquids 

with inclusions [3]. 

Considering the implementation of the United 

Nations’ sustainable development goals (SDG) [4], 

reducing energy consumption by pumping equipment is a 

key indicator of achieving “Affordable and clean energy” 

(SDG 7). The design of reliable and durable pumping units 

[5] is closely related to the achievement of “Industry, 

innovation and infrastructure” (SDG 9) and “clean water 

and proper sanitation” (SDG 6). It also helps to increase 

the competitiveness of the manufacturer of such 

equipment. For example, even a slight decrease in weight 

and size indicators leads to a decrease in the cost price and, 

therefore, in the market’s competitiveness [6]. 

In turn, the reduction of weight and size indicators 

allows the use of higher-quality (but more expensive) 

construction materials and technologies that reduce energy 

consumption [7] and increase the reliability of the 

equipment [8]. 

It should be noted that torque-flow pumps (Figure 1), 

the operating process considered in this article, specialize 

in transporting liquids with various inclusions [9], such as 

solid, fibrous, and abrasive. 

A typical example of the operating fluids pumped by 

pumps of this type are suspensions, syrups, and liquids 

containing household waste [10], mainly wet wipes, 

hygiene products, and so on. 
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Figure 1 – structural view of the torque-flow pump  

of the “Turo” type 

The transportation of such operating fluids is 

accompanied by clogging the flowing parts of the pumps. 

This leads to decreased operational performance, 

particularly energy efficiency [11]. Therefore, the 

operation of torque-flow pumps requires the creation of 

self-cleaning mechanisms [12]. 

2 Literature Review 

Increasing the technical level (an integral energy 

efficiency component) of hydraulic machines is generally 

achieved according to the final assessment criterion at the 

design stage [13]. 

Thus, increasing the energy efficiency of pumps of 

various types is achieved by deep modification of the 

design of the elements of the flowing part, particularly the 

impeller [14]. 

In research [15], the principle of operation of torque-

flow pumps is considered, and a methodical approach for 

evaluating the energy efficiency of its operating process is 

proposed. In order to increase it, the article [16] proposed 

an improved design of the diverter device of the pump. 

However, such a design greatly complicates its 

manufacture and, as a result, the final cost [17]. 

At the same time, the modification of the operating 

process in order to increase the energy efficiency of 

torque-flow pumps is possible by changing the operating 

body, which is the pump’s impeller [18]. In particular, it 

was proved that the replacement of standard impellers with 

radial blades for impellers with curved blades made it 

possible to increase the energy efficiency of the pump by 

3–5 % [19]. It should be noted that such a change in the 

design scheme at the inlet to the impeller will not lead to 

cavitation phenomena [20], even without the need to 

develop additional precautionary measures [21]. 

Increasing the energy efficiency of torque-flow 

pumps can be achieved by lengthening part of the blades 

to the free chamber of the pump [22], as well as creating 

additional winglets on the edges of the impeller’s blades 

[23]. The specified methods will generally ensure a steady 

flow before and after the pump in the line without 

additional hydraulic energy losses due to vortex formation, 

which is essential for the pumps’ operational quality [24]. 

In order to regulate the operating parameters of 

torque-flow pumps, a wide variety of design schemes have 

been developed. Thus, in [25], the effect of the design 

elements of the blade on the pump’s operating parameters 

was considered. Similar studies were carried out for 

torque-flow pumps of the “Seka” type, characterized by 

the impeller’s protrusion into the pump’s free chamber 

[26]. 

Notably, the design features of the inlet part to the 

impeller of torque-flow pumps provide high resistance to 

the occurrence of cavitation phenomena. As a result, such 

pumps do not require separate anti-cavitation devices [27], 

significantly simplifying the submersible device’s design 

compared to centrifugal pumps [28]. 

However, insufficient attention is paid to pumping 

equipment’s energy efficiency and reliability in the long-

term transportation of contaminated liquids and liquids 

with inclusions [29]. 

The article [30] researched the operation of 

centrifugal pumps based on the damping effects of flow 

parts with slotted seals. Notably, critical factors in 

reducing the reliability of such pumps are the rapid failure 

of bearings and seals [31]. Simultaneously, bearingless 

pumps can operate due to the centering of the rotor in the 

sealing unit. In this case, the pump’s reliability depends on 

the sealing devices’ reliability [32, 33]. 

Long-term reliable and energy-efficient operation of 

torque-flow pumps when pumping contaminated liquids is 

an unexplored problem. This is explained by the 

complexity of the operating process using a heterogeneous 

medium and the unpredictability of the quantitative 

content and structure of the multiphase medium in such 

operating processes. However, torque-flow pumps are 

usually operated under such conditions. Thus, their 

operating process requires parameter indicators during 

bench research when transporting pure liquids and 

maintaining such indicators in multiphase media. This 

requires the development of effective methods of self-

cleaning during the operation of pumping equipment. 

Because of this, the study aims to develop and 

research an effective method of self-cleaning of torque-

flow pumps during their operation to maintain high 

parameters (pressure, energy efficiency, and cavitation). 

In order to ensure the set aim, the following tasks were 

stated for the research: determination of the theoretical 

mechanisms of self-cleaning of the flowing part of the 

torque-flow pump, formation of the research hypothesis, 

development of a constructive implementation of flowing 

part elements with a self-cleaning mechanism; conducting 

experimental studies to confirm the proposed hypothesis; 

analysis of experimental research results. 
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3 Research Methodology 

3.1 Design features of torque-flow pumps 

During the operation of torque-flow pumps, the 

pump’s operating peculiarities should be considered 

(Figure 2). 

 

Figure 2 – Features of the operating process of torque-flow 

pumps: Q – supply of liquid to the pump; Qv – vortex operating 

process; Qt – blade operating process; Qs – the flowing stream 

They consist of the simultaneous presence of both a 

blade operating process (traditional for dynamic type 

pumps) and a vortex operating process (more common 

among vortex hydraulic machines) [34]. 

During the pump operation, the flow of the working 

medium is divided into two main parts. The first part 

directly receives energy due to force interaction with the 

impeller blades. The second part forms a vortex motion 

(the so-called toroidal vortex). This part of the working 

medium receives energy from force interaction with the 

blades and transmits the flowing stream, which is not in 

direct contact with the impeller blades. Thus, a complex 

two-stage operating process is formed in the flowing part 

of the torque-flow pump. Such an unconventional energy 

transfer route must be considered when developing, 

designing, and operating pumps of this type. 

3.2 The rationale for creating a self-cleaning 

mechanism for free-vortex pumps 

Usually, the design of flowing parts is performed 

based on L. Euler’s jet theory. According to it, the graph 

of relative speed (and, accordingly, pressure) is evenly 

distributed along the interblade channel of the impeller 

(Figure 3a). 

Considering the real fluid flow (Figure 3b), the 

distribution of the relative velocity in the interblade 

channels of the impeller is uneven. At the same time, its 

value is greater near the rear side of the blade and less near 

the operating side. Accordingly, the pressure created in the 

interblade channels is also uneven. It is larger near the 

operating side of the blade and smaller near its back side. 

 
         a                b 

Figure 3 – The design schemes of the relative velocity 

distribution in the interblade channel of the impeller according 

to Euler’s jet theory (a) and for the actual liquid flow (b) 

This effect can be neglected when designing 

centrifugal pumps since the fluid movement in the 

impeller, in this case, is directed radially. Thus, in such 

cases, there is no intensive mixing of liquid layers in the 

axial direction at the exit from the impeller. 

During the operation of the torque-flow pump, the 

liquid outlets from the interblade channels of the impeller 

(Figure 4) mainly in the axial direction. Therefore, the 

influence of the uniformity of the flow through the 

channels cannot be neglected. 

 
a              b 

Figure 4 – Impeller’s designs for a torque-flow pump with 

uniform (a) and uneven (b) blade distribution 

Simultaneously, if the blades are evenly spaced, the 

pressure distribution at the outlet of the interblade channels 

of the liquid will be more or less cyclical, leading to a 

steady movement of the liquid. In turn, this will not cause 

significant pressure pulsations in the free chamber of the 

pump. 

This article proposes that a self-cleaning mechanism 

be created due to the pulsation of the flow at the outlet of 

the impeller. It is proposed to do this by unevenly 

arranging the blades (2 channels are doubled, Figure 4b). 

On the one hand, this design will allow for static and 

dynamic balancing of the rotor [35]. On the other hand, the 

relative velocity (and, accordingly, the pressure) at the exit 

from the interblade channels will be uneven. This will 

create the prerequisites for pulsatile pushing effects on the 

pumped media (the key hypothesis of the study). 
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3.3 Methodology of conducting numerical 

simulations for the operating process 

In order to reduce time and investment costs and 

present the results more clearly, numerical research using 

the ANSYS CFX software was used during the research. 

This software has proven itself as a reliable way of 

modeling hydraulic processes [36], mainly when modeling 

dynamic [37] and torque-flow [38] pumps. The difference 

between numerical modeling and physical experiment 

results does not exceed 5 %. Therefore, this software 

product is suitable for solving the research problem. 

The torque-flow pump was chosen as the research 

object. The operating parameters are given in Table 1. 

Table 1 – Operating parameters 

Parameter Unit Value 

Head m 60 

Flow rate m3/h 125 

Rotational frequency rpm 1500 

Efficiency % 40 

 

The obtained results will be analyzed in graphic and 

numerical forms. The graphic form consists of studying the 

nature of the flow movement inside the interblade channels 

at 5 mm from the edge of the blade (Figure 5a), in the 

middle of the interblade channel (Figure 5b), and at 5 mm 

from the impeller disk wall (Figure 5c). 

   
a    b       c 

Figure 5 – Planes of presentation of research results:  

a – at 5 mm from the edge of the blade;  

b – in the middle of the interblade channel of the impeller;  

c – at 5 mm from the surface of the impeller disk 

This is explained by the need to distort the research 

results due to the influence of the wall layer of the 

operating fluid [39]. The numerical form allows authors to 

present the obtained results as graphical dependences of 

pressure on the position of the studied jet in the interblade 

channel of the impeller. 

The total pressure at a point can be determined 

according to the Bernoulli’s equation: 

𝑝𝑡𝑜𝑡 = 𝑝𝑠𝑡𝑎𝑡 +
1

2
𝜌𝑣𝑟𝑒𝑙

2 , (1) 

where pstat – static pressure at this point, Pa; ρ – 

density of the operating fluid, kg/m3; vrel – relative velocity 

in the rotating frame of reference at this point, m/s. 

In turn, the relative velocity in the rotating frame of 

reference can be determined as follows: 

𝑣⃗𝑟𝑒𝑙 = 𝑣⃗𝑠𝑡𝑛 − 𝜔⃗⃗⃗ × 𝑅⃗⃗, (2) 

where vstn – static velocity in the stationary frame of 

reference, m/s; ω – angular velocity, rad/s; R – local radius 

vector, m. 

The ANSYS CFX software, based on the numerical 

solution of the fundamental laws of hydromechanics, was 

used during the research. 

Water with a temperature of 20 °C and a turbulent 

mode of movement was chosen as the operating medium. 

The standard “k–ε” turbulence model was used to close the 

Reynolds equations, proving itself well in the above 

studies. 

The value of the variable y+, which characterizes the 

thickening of the grid near the walls, was within 

20 <y+ < 100. 

A stator (housing and free chamber, inlet and outlet 

devices) element and a rotor (impeller) element were 

selected. Standard unstructured grids created in the ICEM 

CFD environment are selected as walls. The total number 

of grid cells is about 1.5 million (stator – 1.03·106 cells, 

rotor – 0.49·106 cells). Calculation grids include local 

thickenings near the walls, made according to the 

exponential law in the form of prismatic layers with the 

following parameters: initial height – 0.05 mm; height 

ratio – 1.5; number of layers – 7; the total height – 1.6 mm. 

The grid convergence quality of standard unstructured 

grids was no less than 0.31 for the rotor element (impeller) 

and 0.36 – for the stator element. 

The research was carried out to converge the main 

parameters to 1·10–4. The convergence of pressure, power, 

and energy efficiency was monitored separately, 

considering the achievement of a discrepancy of no more 

than 0.05 in amplitude according to the last 20 iterations. 

4 Results 

As a result of the research, the pressure distribution in 

the impeller with a uniform and uneven distribution of 

blades was obtained at 5 mm from the blade’s edge, in the 

middle of the interblade channel of the impeller, and at 

5 mm from the surface of the impeller disk (Figure 6). 
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  a                   b 

 
 c                   d 

 
    e                   f 

Figure 6 – Pressure distribution in the impeller with uniform (a, c, e) and uneven (b, d, f) distribution of blades:  

a, b – at 5 mm from the blade’s edge; c, d – in the middle of the interblade channel of the impeller;  

e, f – at 5 mm from the surface of the impeller disk 
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Simultaneously, the obtained results are given in the 

form of fill by the value of absolute (total) pressure, in 

which smaller values of absolute pressure correspond to 

more “cold” colors, and to higher values of absolute 

pressure –  more “hot” colors, as well as in the form of a 

graph with a scale that describes the change absolute 

pressure in the interblade channels of the torque-flow 

pump impeller. 

To ensure an adequate analysis of the obtained results, 

the pressure graph is divided into 24 sectors with a step of 

15. This made it possible to reproduce the results in 

graphs as accurately as possible. 

The results prove the non-uniformity of the pressure 

distribution along the interblade channels of the impeller 

(Tables 2–4). Moreover, higher absolute pressure values 

are observed near the operating side of the blade, and 

smaller values are observed near the rear side of the blade. 

In turn, the value of the absolute pressure increases in 

the direction of the flow of the operating fluid from the 

center to the periphery. For an impeller with a uniform 

distribution of blades, a cyclic distribution of the absolute 

pressure plot is observed at 5 mm from the edge of the 

blade (Figure 6a). This pressure distribution has a more 

pronounced character in the middle of the interblade 

channel of the impeller (Figure 6c) and is especially 

pronounced at 5 mm from the surface of the impeller disk 

(Figure 6e). 

In turn, for an impeller with an uneven distribution of 

blades at 5 mm from the edge of the blade (Figure 6b), a 

non-cyclic distribution of the absolute pressure plot is 

observed. Moreover, this non-cyclic nature of the 

distribution of the absolute pressure plot is more 

pronounced in the direction from the edge of the blades of 

the impeller to the surface of its disk, in particular in the 

middle of the interblade channel of the impeller (Figur 6d) 

and especially at 5 mm from the surface of the impeller 

disk (Figure 6f). 

Thus, the indicated nature of the movement of the 

operating fluid in the impeller with a uniform distribution 

of blades creates prerequisites for its stable movement 

without the formation of pulsation phenomena. In turn, the 

nature of the movement of the operating fluid in the 

impeller with an uneven distribution of blades of the 

specified design creates prerequisites for the occurrence of 

pulsation phenomena in the direction from the disk to the 

edges of the impeller blades. 

The movement of fluid in such an impeller will have 

an unsteady character. This creates the prerequisites for 

creating a self-cleaning effect due to the unstable pulsating 

movement of the working fluid in different interblade 

channels of such an impeller. 

Table 2 – Pressure distributions at 5 mm  

from the blade’s edge (Figures 6 a–b) 

Line 
Uniform 

distribution 
Uneven 

distribution 
Pressure 

difference 
kPa kPa kPa % 

1’ 480 470 10 2.1 
2 486 473 13 2.7 
3 488 477 11 2.3 
4 500 488 12 2.5 
4’ 480 467 13 2.8 
5 486 471 15 3.2 
6 488 473 15 3.2 
7 500 479 21 4.4 
7’ 480 460 20 4.3 
8 486 460 26 5.7 
9 488 463 25 5.4 

10 500 470 30 6.4 
10’ 480 470 10 2.1 
11 486 473 13 2.7 
12 488 478 10 2.1 
13 500 496 4 0.8 
13’ 480 472 8 1.7 
14 486 474 12 2.5 
15 488 479 9 1.9 
16 500 490 10 2.0 
16’ 480 468 12 2.6 
17 486 472 14 3.0 
18 488 474 14 3.0 
19 500 491 9 1.8 
19’ 480 460 20 4.3 
20 486 460 26 5.7 
21 488 465 23 4.9 
22 500 472 28 5.9 
22’ 480 472 8 1.7 
23 486 474 12 2.5 
24 488 479 9 1.9 
1 500 498 2 0.4 

Table 3 – Pressure distributions in the middle  

of the interblade channel (Figures 6 c–d) 

Line 
Uniform 

distribution 
Uneven 

distribution 
Pressure 

difference 
kPa kPa kPa % 

1’ 485 482 3 0.6 
2 493 484 9 1.9 
3 495 485 10 2.1 
4 535 533 2 0.4 
4’ 485 476 9 1.9 
5 493 480 13 2.7 
6 495 482 13 2.7 
7 537 525 12 2.3 
7’ 485 465 20 4.3 
8 493 467 26 5.6 
9 495 469 26 5.5 

10 535 481 54 11.2 
10’ 485 481 4 0.8 
11 493 484 9 1.9 
12 495 486 9 1.9 
13 535 553 -18 –3.3 
13’ 485 484 1 0.2 
14 493 485 8 1.6 
15 495 486 9 1.9 
16 535 532 3 0.6 
16’ 485 476 9 1.9 
17 493 480 13 2.7 
18 495 482 13 2.7 
19 535 525 10 1.9 
19’ 485 465 20 4.3 
20 493 467 26 5.6 
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Line 
Uniform 

distribution 
Uneven 

distribution 
Pressure 

difference 
kPa kPa kPa % 

21 495 469 26 5.5 
22 535 481 54 11.2 
22’ 485 481 4 0.8 
23 493 484 9 1.9 
24 495 486 9 1.9 
1 535 553 –18 –3.3 

Table 4 – Pressure distributions at 5 mm from the surface  

of the impeller disk (Figures 6 e–f) 

Line 
Uniform 

distribution 
Uneven 

distribution 
Pressure 

difference 
kPa kPa kPa % 

1’ 488 485 3 0.6 
2 492 485 7 1.4 
3 494 483 11 2.3 
4 543 538 5 0.9 
4’ 488 470 18 3.8 
5 492 481 11 2.3 
6 494 477 17 3.6 
7 543 530 13 2.5 
7’ 488 466 22 4.7 
8 492 468 24 5.1 
9 494 467 27 5.8 

10 543 471 72 15.3 
10’ 488 471 17 3.6 
11 492 474 18 3.8 
12 494 480 14 2.9 
13 543 566 –23 –4.1 
13’ 488 485 3 0.6 
14 492 485 7 1.4 
15 494 483 11 2.3 
16 543 538 5 0.9 
16’ 488 470 18 3.8 
17 492 481 11 2.3 
18 494 477 17 3.6 
19 543 530 13 2.5 
19’ 488 466 22 4.7 
20 492 468 24 5.1 
21 494 467 27 5.8 
22 543 471 72 15.3 
22’ 488 471 17 3.6 
23 492 474 18 3.8 
24 494 480 14 2.9 
1 543 566 -23 –4.1 

5 Discussion 

A graphic image (plot) of the pressure distribution in 

the interblade channels of the impeller with a uniform 

distribution of the blades proves the uniform distribution 

of the total pressure in all the interblade channels of the 

impeller. This confirms the absence of significant flow 

pulsations in the interblade channels of such an impeller, 

which is promising when the pump pumps clean liquids 

that do not contain sediment [16]. However, this design of 

the flowing part of the pump is prone to contamination and 

the formation of deposits when pumping liquids with 

inclusions (e.g., suspensions, sewage masses). 

When using such impellers, the lowest absolute 

pressure is observed in the area near the rear side of the 

blades. This value is at least 480 kPa at 5 mm from the 

edge of the blade (Figure 6a), at least 485 kPa in the 

middle of the interblade channel of the impeller 

(Figure 6c), at least 490 kPa at 5 mm from the surface of 

the impeller disk (lines 2, 5, 8, 11, 14, 17, 20, and 23). 

In turn, the highest absolute pressure is observed in 

the area near the working side of the blades. This value is 

no more than 500 kPa at 5 mm from the edge of the blade 

(Figure 6a), no more than 535 kPa in the middle of the 

interblade channel of the impeller (Figure 6c), and no more 

than 543 kPa at 5 mm from the surface of the impeller disk 

(lines 1, 4, 7, 10, 13, 16, 19, and 22). 

Simultaneously, no significant changes in absolute 

pressure are observed in most sections of the interblade 

channels (1–3, 4–6, 7–9, 10–12, 13–15, 16–18, and 22–

24). Its values are approximately 490 kPa at 5 mm from 

the edge of the blade (Figure 6a), 491 kPa in the middle of 

the interblade channel of the impeller (Figure 6c), and 

492 kPa – at 5 mm from the disk’s surface. 

Thus, in most areas of such an impeller, a stable value 

of the absolute pressure at the outlet of the impeller is 

approximately equal to 491 kPa [23]. 

At the same time, the absolute pressure difference 

between the most significant and smallest values does not 

exceed 20 kPa at 5 mm from the edge of the blade 

(Figure 6a), 50 kPa in the middle of the interblade channel 

of the impeller (Figure 6c), and 53 kPa – at 5 mm from the 

surface of the impeller disk (Figure 6e). The flow pattern 

is significantly different when using an impeller with an 

uneven distribution of blades. 

When using such impellers, the lowest absolute 

pressure is observed in the area near the back side of the 

blades. This value is at least 470 kPa at 5 mm from the 

edge of the blade (Figure 6a), at least 475 kPa in the 

middle of the interblade channel of the impeller 

(Figure 6c), and at least 485 kPa – at 5 mm from the 

surface of the impeller disk (lines 2, 5, 8, 14, 17, and 20). 

In turn, the highest absolute pressure is observed in 

the area near the operating side of the blades. This value is 

no more than 497 kPa at 5 mm from the edge of the blade 

(Figure 6a), no more than 530 kPa in the middle of the 

interblade channel of the impeller (Figure 6c), and no more 

than 538 kPa at 5 mm from the surface of the impeller disk 

(lines 1, 4, 7, 13, 16, and 19). 

Simultaneously, no significant changes in absolute 

pressure are observed in most interblade channel sections 

(1–3, 4–6, 13–15, and 16–18). Its value is approximately 

490 kPa at 5 mm from the edge of the blade (Figure 6a), 

491 kPa in the middle of the interblade channel of the 

impeller (Figure 6c), 492 kPa at 5 mm from the surface of 

the impeller disk. 

At the same time, there is an increase in the gap 

between the most significant and smallest values of 

absolute pressure on the interblade channels of the 

impeller, which are increased by the coverage angle. Thus, 

the highest absolute pressure is observed in the area near 

the operating side of the blades. This value is no more than 

500 kPa at 5 mm from the edge of the blade (Figure 6a), 

no more than 553 kPa in the middle of the interblade 

channel of the impeller (Figure 6c), no more than 566 kPa 

at 5 mm from the surface of the impeller disk (lines 1, 13). 

Simultaneously, a reduced absolute pressure value (at least 

455 kPa) is observed over a wide range of the coverage 
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angle (lines 8–12, 20–24). Thus, the absolute pressure 

difference in such expanded interblade channels is up to 

111 kPa (more than 2 times greater than that of an impeller 

with a uniform distribution of blades) with a sharp increase 

in the direction from the rear to the working side of the 

blade. 

This creates a sharp pulsating effect on the change in 

absolute pressure when using an impeller with an uneven 

distribution of blades and creates prerequisites for self-

cleaning the developed impeller [34]. 

6 Conclusions 

As a result of scientific research, an effective self-

cleaning mechanism for the torque-flow pump was 

created. This is ensured by creating prerequisites for 

pulsation processes in the interblade channels of the 

impeller with an uneven distribution of blades. 

First, the theoretical mechanisms of self-cleaning 

were considered to ensure the goal. The authors found that, 

unlike Euler’s jet theory, the flow of actual fluid in the 

interblade channels of the impeller is characterized by an 

uneven distribution of absolute pressure and relative 

velocity. At the same time, an increased absolute (total) 

pressure is observed near the operating side of the impeller 

blades, while it is lower on the back (rear) side. This 

creates prerequisites for forming an uneven pulsating 

nature of the movement of actual fluid in interblade 

channels when using an impeller with an uneven 

distribution of blades, which was the central hypothesis. 

Second, an impeller with a uniform and uneven 

distribution of blades was developed to implement the 

proposed hypothesis. Simultaneously, in the first case, 8 

blades were made, and in the second, 6 blades were made 

(considering two symmetrically located interblade 

channels that are twice as large in coverage angle). 

The experimental study was also performed using 

numerical data from ANSYS CFX software. The reviewed 

literary sources allow us to assert the high convergence of 

research results with experimental data obtained during 

parametric tests of the pump using a hydraulic test bench. 

This research method allows for the analysis of the results. 

Finally, based on the results of the research, it was 

determined that when using an impeller with a uniform 

distribution of blades, the absolute pressure value changes 

in the direction of movement from the rear side to the 

operating side of the blade of the impeller cyclically, and 

its amplitude does not exceed 53 kPa. However, when 

using an impeller with a uniform distribution of blades, the 

absolute pressure value in the standard interblade channels 

changes in the direction of movement from the rear side to 

the operating side of the blade of the impeller cyclically, 

and its amplitude does not exceed 53 kPa. However, in the 

expanded interblade channels (lines 8-12, 20-24), there is 

a pulsation of pressures in the range of up to 111 kPa (more 

than 2 times the indicator of an impeller with a uniform 

distribution of blades) with a sharp increase in the direction 

from the rear to the operating side of the blades. A sharp 

pulsating effect on the change in absolute pressure creates 

the prerequisites for self-cleaning. 

Thus, the research is fundamental to developing 

torque-flow pumps with a self-cleaning effect and 

studying their operating process. The presented findings 

will be further used to expand the application of torque-

flow pumps by developing new ones. 
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