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Abstract

:

Submersible pumps are the leading electricity consumers in centralized water supply systems. Considering the cost structure of the life cycle of pumping equipment, the main costs should include investment costs, electricity costs during operation, and costs of repairing pumping equipment. Considering the growing cost of electricity in the world, the cost of manufacturing pumping equipment is significantly increasing, which in turn causes an increase in its price. The key factor in increasing the competitiveness of such equipment on the market is its modernization with the achievement of a higher level of energy efficiency with a simultaneous reduction in cost due to a reduction in weight and dimension parameters. In the research, a significant increase in the head from 15 m to 65 m of the submersible pump stage was achieved by increasing the rotation frequency from 3000 rpm to 6000 rpm and designing the pump for this rotation frequency. As a result, the pump head, created by the flowing part with the basic stage (eight pieces), can be provided by the pump using only two designed stages. It creates the prerequisites for reducing the mass of the pump from 200 kg to 45 kg, or by 77.5%. Also, in designing the pump, energy efficiency was increased from 74.6% (for the existing pump) to 79.4% (by 5% for the developed pump). The research results made it possible to significantly contribute to reducing the cost of the life cycle of the submersible pump installation.






Keywords:


energy efficiency; life cycle; process innovation; sustainable development; water supply












1. Introduction


In centralized water supply systems, an essential element is water intake, which must function as a reliable water source in quantity and quality [1]. At the same time, water intake from natural reservoirs (e.g., lakes, rivers) or an artesian well can be used as a source of water supply [2].



Considering the quality of the liquid, artesian water has a much higher level of purity than that taken by water intake from open natural reservoirs [3].



Borehole pumps are mainly designed to supply water from artesian wells (Figure 1). They are widely used at water intake stations and other enterprises where water supply from deep mines is necessary [4]. Pumps of this type are also actively used in the gas and oil industry [5].



Pumps for supplying water from artesian wells are installed directly in the pipes, so they have a limited diametrical overall size. This is the main difficulty in their design because the limited diameter of the impeller is the main factor in the limited amount of pressure it creates [6]. As a result, pumps of this type are designed with a multistage design [7].



Depending on the configuration, the pump sections can have 5–10 or even more stages in case a high head is required [8]. When the impeller rotates, the liquid from the first stage is transferred to the second and then to the third [9]. Such a principle allows the increase in the kinetic energy of the liquid, correspondingly increasing the pressure [10].



The appropriate brand is selected to achieve the optimal pressure-supply value based on the tasks set before the unit. Submersible-type pumps are equipped with a safety valve that regulates the water column in the event of a sudden engine stop, facilitates restarting, and protects the rotation of the blades in the opposite direction [11].



The dimensions of submersible pumps, depending on the functionality, vary up to three meters or more, the mass reaches more than half a ton, and the head is more than 600 m. The pump casing is made of cast iron or corrosion-resistant steel. Smaller analogs of submersible pumps are used in agriculture and even for household needs in homesteads or provide drinking well water to the house.



Submersible pumps [12] are the primary electricity consumers in centralized water supply systems. Considering pumping equipment’s life cycle cost structure, the main costs should include investment (development, manufacturing, installation, start-up, and adjustment works), electricity during operation, and repairing pumping equipment.



The characteristics of the submersible pump unit of the ECW type (Figure 2) are presented in Table 1 [13].



ECV pumps are marked as follows. E means driven by a submersible electric motor, C means centrifugal pump, W means designed for water supply, the first number is the diameter of the casing pipe into which the pump is installed, the second number is the pump flow rate in m3/h, and the third number is the pump head in meters.



According to Eurostat data on the electricity cost dynamics in the European market during 2022, it should be noted that considering the growing cost of electricity in the world, the cost of manufacturing pumping equipment increases significantly [14], which in turn causes an increase in its price [15]. Taking this into account, the key factor in increasing the competitiveness of such equipment on the market is its modernization, achieving a higher energy efficiency of the pump than that of analogs existing on the pump equipment market with a simultaneous reduction in the production cost due to a reduction in its weight and overall dimensions [16].



Due to the above-mentioned analysis, the research aims to reduce the life cycle cost of submersible pumps and pumping units based on them.



To realize this aim, the following research tasks were set:




	(1)

	
Development of the structural scheme of the pump and design of the elements of its flowing part with reduced weight and dimensions;




	(2)

	
Selection of the numerical research method, initial conditions, and turbulence model;




	(3)

	
Performing a numerical study of hydrodynamic processes in the elements of the flowing part of the developed pump in order to ensure a high level of energy efficiency and obtain the resulting energy characteristics of the pump;




	(4)

	
Analysis of research results.









Achieving this aim will make it possible to implement measures to achieve several UN Sustainable Development Goals [17], e.g., clean water and proper sanitation; affordable and clean energy; and industry, innovation, and infrastructure.




2. Materials and Methods


As a pump for modernization, the ECW 10-63-150 pump was chosen, the operating parameters of which are given in Table 1. For its modernization and replacement, a new pump was designed with an increased frequency of shaft rotation up to 6000 rpm. Due to the increased frequency of rotation, the impeller can create a significantly higher head [18]. This will make it possible to reduce the number of stages, influencing the reduction in mass and dimensions. The main requirement of the pump is that the diameter size should not exceed 260 mm to ensure operation as a replacement for the existing fleet of this pump.



The newly designed pump (Figure 3) has two stages. At the same time, the existing currently in use ECW 10-63-150 pumps use a flowing part with 8 stages [19]. The developed design of the pump made it possible to reduce the weight of the pump from 200 kg (for the existing ECW 10-63-150 pump) to 45 kg, that is, by 77%.



The operating position of the pump is vertical. The pump has a shaft 1 on which stages consisting of an impeller 2 and a guide device 3 are located. For unloading the residual axial force, an automatic balancing device 4 is used at different operation modes [20,21] for pump operation with different values of the flow rate parameter from zero to maximum when the pump’s efficiency is maximum. At the end of the shaft, there is a coupling 5, which allows for connecting the pump shaft with the motor shaft.



Shaft 1 causes the impeller 2 to rotate. The liquid from the underwater device enters the impeller 2 through the grid 6. After that, it enters the guide vanes 3, which redirect the fluid flow to the next stage. As the fluid passes through all pump stages, it gains energy and leaves the pump. Part of the liquid enters the hydraulic heel, where axial force is unloaded. The spent liquid is returned to the supply through the drain hole in the pump shaft, an essential feature of the developed pump. The through shaft allows for increasing the pressure at the entrance to the first stage of the pump, which significantly improves the cavitation properties of the pump [22]. The total length of the pump without an electric motor is 550 mm, 72.5% less than the existing analog.



According to the developed design scheme, the design of 3D models of the elements of its flowing part, the centrifugal impeller, and the guide vanes was performed in SolidWorks 2018. Numerical research of the flow parameters of the pumped liquid was carried out using the ANSYS CFX 13.0 software complex in the flow rate range from Q = 0.05·QBEP to Q = 1.8·QBEP (where BEP is the best efficiency point, the operational flow rate when the best efficiency η is reached). To ensure the correct operation of the numerical research in ANSYS CFX, elongated sections are made near the inlet and outlet of each element of the flow part. This software product has proven to be accurate in modeling the operating process of dynamic pumps. In particular, the research error does not exceed 5%, which fully meets the requirements for the accuracy of engineering calculations [23]. The scheme of the research is given in Figure 4.



The ANSYS CFX was used based on the numerical solution method of the fundamental hydromechanics laws. It was repeatedly tested in solving the problems of pump design, and the discrepancy between the numerical and physical modeling results does not exceed 5%; therefore, this software product is suitable for solving the stated research problem.



The modeling of turbulent fluid flow is performed using Reynolds equations (i, j = 1–3) [24,25]:


    ∂   ∂ t     ρ   U   i     +   ∂   ∂   x   i       ρ   U   i     U   j     = −   ∂ p   ∂   x   j     +   ∂   ∂   x   i       μ     ∂   U   i     ∂   x   j     +   ∂   U   j     ∂   x   j         +   f   i   ,  



(1)






      f  →    i   = − ρ   2   ω  →  ×   u  →  +   ω  →  ×     ω  →  ×   r  →      ,  



(2)






    ∂ p   ∂ t   +   ∂     ∂ x   i       ρ   U   j     = 0 ,  



(3)




where xi and xj are coordinate axes; ui and uj are velocity components; p is pressure; t is time; fi are mass forces;     ω  →    is the vector of the angular velocity of rotation;     r  →    is the radius vector; ρ is the density of the pumped liquid, kg/m3; and μ is the dynamic viscosity, m2/s.



While modeling turbulent flows in the Navier–Stokes equation, the instantaneous velocity is replaced by the sum of the Reynolds averaged velocity and the pulsating component of the velocity. The dependence (1) takes the following form [26]:


    ∂   ∂ t     ρ     U   i    →    +   ∂   ∂   x   i       ρ     U   i    →      U   j    →    +   ∂     ∂ x   j       ρ     U   i   ′    →      U   j   ′    →    = −   ∂ p   ∂   x   j     +   ∂   ∂   x   i       μ     ∂   U   i     ∂   x   j     +   ∂   U   j     ∂   x   j         +   f   i   ,  



(4)




where       U   i    →    and       U   j    →    are time-averaged velocity values; and       U   i   ′    →    and       U   j   ′    →    are pulsating components of velocities.



In the course of the research, the ANSYS CFX software was used to record the values of the flow rate Q (m3/h), the torque on the pump impeller M (N·m), and the fluid velocity at the outlet and inlet of the pump v2 and v1 (m/s). The values of head H (m), useful power Nu (W), power consumed by the pump Nc (W), and the efficiency η were calculated depending on the following parameters:


  H =     z   2   −   z   1     +     p   2   −   p   1     ρ g   +     v   2   2   −   v   1   2     2 g   ;  



(5)






    N   u   = ρ g Q H ;  



(6)






    N   c   = M ω ;  



(7)






  η =     N   u       N   c     =   ρ g Q H   M ω   ,  



(8)




where z2 and z1 are the height of the outlet and inlet levels of the pump, m; ω is the angular velocity of the impeller rotation, rad/s.



The design of calculation meshes of the pump’s flowing part elements was performed in the software component ICEM CFD 13.0 [27]. The wall layer is made as follows. The thickness of the first layer was 0.04 mm. The sizes of subsequent layers increased exponentially with an index of 1.5. The number of layers in the wall layer is 7. In the region of the wall layer, the cells have a prismatic shape, and in the region of the rest of the flow, they have the shape of a tetrahedron.



The calculation area (Figure 5) was created in the CFX-Pre 19.0 package.



The operating environment was water with a temperature of 20 °C. The mode was turbulent. To conclude the Reynolds equations, the standard k-ε [28] turbulence model was used, which has proven itself well in conducting studies of the flow in the flow part of centrifugal pumps [29].



The value of the variable y+, which characterizes the thickening of the mesh near the walls, was within 20 < y+ < 100, which had an exact match with the error of engineering measurements in previous studies of centrifugal pumps during field tests [30].




3. Results


The analysis of the research results was carried out in the CFX-Post 19.0 environment. The following drawings were made to study the qualitative picture of fluid movement through the pump’s flow part and make corrections to its structural elements.



In the beginning, modeling of the basic stage of the ECW 10-63-150 pump (Figure 6) was carried out to obtain its characteristics and the liquid flow pattern in the intervane channels of the impeller and guide vanes.



Analysis of the qualitative picture of the relative velocity distribution (Figure 6b) during the rotation of the impeller proves the efficiency and its effect on the head created behind the impeller [31]. The existing zones of slightly reduced (blue color) relative velocity have a pronounced character and are explained by vortex formation and pressure changes.



Table 2 shows the pump parameters of the stage in different operation modes obtained from the initial model of the ECV 10-63-150 pump using the above-mentioned numerical simulation approach. It is essential to see how the pump functions not only at the BEP (best efficiency point) but also in other operating modes (Q < QBEP, Q > QBEP). This is explained by the fact that the pump can function in different operating modes. A decrease in the operating parameters (head, power, efficiency) on the modes (Q < QBEP, Q > QBEP) can lead to a deterioration of the pump operating conditions, in particular on the starting modes (cavitation phenomena, surging), which reduces the service life of the pump and increases the risk of premature failure of its design elements. Taking this into account, we present the pump’s operating parameters in a wide supply range, Q = 0.05–1.8 QBEP, for a complete analysis of the obtained results.



For the next research stage, using the design methodology according to [32], a stage consisting of an impeller and a guide vane with an increased rotation frequency of 6000 rpm was developed (model 01).



Figure 7 shows the characteristics of the stage in different operating modes obtained using the quasilinear regression approach [29]. Figure 8 shows the flowing part’s pressure and relative velocity distributions (model 01). The red line shows the dependence of the consumed power Nc on the flow rate of this design pump Q. The green line shows the dependence of the pump efficiency on the flow rate of this design pump Q, and the blue line shows the dependence of the pump head H on the flow rate of this design pump Q.



Analysis of the qualitative picture of the relative velocity distribution during its rotation inside the guide vanes shows that there are reduced (blue color) and increased (red color) relative velocity zones with a pronounced character. This is explained by forming a vortex due to the separation of the liquid flow from the part’s surface and the change in pressure in these areas [16]. The significant vortices occur in the outlet channel of the guide vanes, which decrease the entire stage’s efficiency. Therefore, it can be concluded that the guide vanes do not perform their function correctly due to the significant narrowing of the passage channel and the friction of the viscous layers of liquid between themselves [33]. The guide vanes create additional hydraulic losses at increased rotation frequency despite the design methodology. At the same time, the function of converting kinetic energy into potential energy is only partially fulfilled, as shown by an additional literature review on this problem [34].



The relative velocity distribution in the stage proves the need for its improvement and the correctness of the selection of the guide vanes. Unfortunately, existing design methods for today are not designed for the design of the flowing part of submersible pumps with a rotation frequency of more than 3000 rpm.



Due to narrowed guide vanes (Figure 8), the operating point shifted to the area of lower flow rates at increased rotation frequency. At the same time, the operating point had the following parameters: the flow rate was about 28 m3/h and the head was about 106 m with the highest efficiency value equal to 73% (Table 3).



The next step in the research was the improvement of the guide vanes to reduce hydraulic losses. As a result, a vaneless guide vane (model 02) was created with a channel width of 15 mm [35] in the transfer and inlet channels to prevent flow compression and vortex formation (Figure 9).



The total pressure and relative velocity distributions in the developed pump stage’s flowing part with vaneless guide vanes (model 02) are presented in Figure 10.



Analysis of the qualitative picture of the relative velocity distribution (Figure 10b) during the impeller rotation proves the correctness of the direction of improvement of the guide vanes. There are zones of slightly reduced (blue color) and increased (red color) relative velocity after the fluid leaves the guide vanes, which have a strongly pronounced character and are explained by the mixing of liquid layers among themselves [36]. This design shifted the optimum point to the region of increased flow rates.



Due to the expansion of the guide vanes, the operating point (Table 4) had the following characteristics: the flow rate was about 84 m3/h and the head was about 46 m with the highest efficiency value equal to 59%.



The pressure characteristic (Figure 11) is constantly falling, which is a satisfactory result from the point of view of pump operation.



At the next stage of the research, the guide vanes were improved by adding vanes with constant thickness to equalize the pressure characteristics of the stage (model 03).



Analysis of the qualitative picture of the relative velocity distribution (Figure 12) during the impeller rotation proves the correctness of the improvement of the guide vanes.



The main problem was the poor inflow onto the vanes of the guide vanes, which led to additional hydraulic losses, characterized by zones of slightly reduced (blue color) relative velocity in the intervane channels of the guide vanes.



According to the research results, the appropriate pressure characteristic of the stage was obtained (Table 5).



The operating point shifted towards slightly increased flow rates and had the following characteristics (Figure 13): the flow rate was about 70 m3/h and the head was about 62 m with the highest efficiency value equal to 76%. In this model of the guide vanes, efficiency characteristics close to the basic level were obtained, and the head values increased significantly.



The last step of the research was the narrowing of the transfer and inlet channels of the guide vanes from 15 mm to 10 mm to build the correct axisymmetric flow in the meridional section of the guide vanes (model 04).



Analysis of the qualitative picture of the relative velocity distribution (Figure 14) proves the correctness of the guide vanes’ design.



The distribution of fluid in the stage is qualitative. There are no zones of significantly reduced (blue color) and increased (red color) relative velocity in the intervane channels of the guide vanes.



In this stage model (model 04), there is an increase in both the head and the pump’s efficiency (Table 6).



The operating point remained unchanged compared to the previous version (flow rate equal to 70 m3/h), the head increased slightly to the value of 65 m, and thanks to the correctly designed guide vanes, a high efficiency level, about 80%, was achieved. The head characteristic (Figure 15) of the stage has a drop in the delivery range from 0 to 28 m3/h, which does not affect the pump’s performance because the standard regulates the possibility of operating the pump in the operation range of (0.7–1.2)·Qopt [37].



Based on the research results, the electric pump unit ECW 10-65-150 was developed, characterized by increased energy efficiency indicators and head characteristics concerning existing analogs (Table 7).




4. Discussion


Given the obtained results, a significant increase in the head was achieved from 14.75 m of the basic stage to 65.04 m of the developed stage (model 04) of the pump, which is 440% more. Thus, the pump head, which is created by the flowing part with a basic stage (eight pieces), can be provided by a pump using only two designed stages (model 04) [38].



According to the research results, the pump’s weight was reduced from 200 kg to 45 kg, or 77.5%.



The energy efficiency (nominal mode) of the developed stage (model 04) is the highest of all the studied stages (79.42%). Also, it is 5% higher than that of the basic stage.



The power consumption (nominal mode) of the developed stage (models 03 and 04) is almost the same (15.56 kW and 15.62 kW, respectively). However, the head of the 04 model is 3.5 m (or 5.4%) higher than that of the 03 model.



The pictures of the relative velocity distribution in the intervane channels of the centrifugal impeller and the guide vanes (Figure 14b) prove the high quality of the design of the flowing part of the pump unit, the correctness of the installation angles of the blades, and the correct selection of their number (Figure 14a).



According to the calculations, the head characteristic of the stage was built (Figure 15), with the help of which we can see that the pressure at the calculation point Q = 70 m3/h is 65 m, and the efficiency is 80%.



The standard [37] establishes the following requirements for the operation of pumping equipment. Short-term operation of the pumping equipment in the operating range Q = (0.7–1.2)·QBEP and long-term operation in supply modes Q = (0.9–1.1)·QBEP is allowed. In this case, the flow rate at QBEP means the mode of operation of the pump, in which the maximum value of efficiency η is reached.



For long-term operation of pumping equipment, we will obtain the following range from 63 m3/h to 77 m3/h. With such values, we can obtain such a range of the head and efficiency. At a point with a flow rate of 63 m3/h, we will obtain a head of 71 m and an efficiency of 80%. At a point with a flow rate of 77 m3/h, we will obtain a head of 59 m and an efficiency of 79%.



For short-term operation of pumping equipment, we will obtain the following range from 49 m3/h to 84 m3/h. With such values, we can obtain such a range of the head and efficiency. At a point with a flow rate of 49 m3/h, we will obtain a head of 80 m and an efficiency of 77%. At a point with a flow rate of 84 m3/h, we will obtain a head of 22 m and an efficiency of 78%. Having obtained a good efficiency characteristic, we can increase the pump’s operating range during its long-term operation.



Submersible pumps can differ depending on the depth of water’s rise or the diameter of the well. The smaller the diameter of the well, the more stages need to be used to raise the liquid from the source, affecting the mass and dimensional parameters of the pumping unit.



Using this pump on all wells can increase uniformity, standardization, reliability, and the number of spare parts stored in the warehouse.



The main advantages of the research results are as follows. Firstly, an increase in efficiency of the developed pump by 4.87% compared to the existing analog has been achieved. Secondly, there is a 67.5% reduction in the weight and overall dimensions of the developed pump, which will lead to a significant reduction in the cost of the pump in comparison with an existing analog. Moreover, the use of the proposed approach made it possible to reduce the cost and prevent the need for manufacturing and full-scale testing of intermediate models of the developed pump (models 01, 02, and 03).



The limitation of the study is the need to replace pump elements, which requires additional investment costs for the modernization of already installed pumps.



Further studies will be aimed to prove the results of numerical studies by carrying out a full-scale test at the Laboratory of Hydrodynamic Drives and Installations. It is also planned to conduct a more in-depth study of the flow pattern in the flowing part of the developed pump stage model (model 04) and the integral characteristics of the pump based on it. It is also planned to manufacture and test the pump using the developed model of the pump stage (model 04).




5. Conclusions


During the research, the flowing part of the submersible pump for water intake stations was developed, and it was characterized by increased energy characteristics due to the increased frequency of the shaft rotation. The proposed structural scheme is fundamentally new for submersible pumps with a two-stage flowing part structural scheme.



Based on the developed design diagram of the ECW 10-65-150 pump, 3D models of the pump flowing part (impeller, guide vanes) and the liquid pumped were created in the SolidWorks software environment. Using the ANSYS CFX software complex, numerical research of hydrodynamic processes was performed in the 3D model of the elements of the developed pump’s flowing part, which made it possible to obtain the maximum possible indicators of the pump’s energy efficiency and ensure its increased head capacity due to the increased frequency of the shaft rotation. The stage parameters in the nominal operating mode are as follows: the flow rate equals Q = 70 m3/h, the head is equal to H = 65.04 m, and efficiency is η = 79.42%.



Due to the increase in the rotation frequency of the rotor, a significant increase in the stage’s head was achieved from 14.75 m (basic model) to 65.04 m (developed model 04), which creates the prerequisites for reducing the number of stages in the pump from eight pieces down to two pieces, as well as a significant reduction in material capacity from 200 kg to 45 kg, or by 67.5% of the pump.



From the point of view of energy efficiency, an increase in efficiency η compared to the existing analog (basic model) has been achieved by up to 4.87%, which will significantly reduce its energy consumption.



Introducing this pump to operate on water intakes will increase the unification and standardization of pumping equipment. In addition, it will reduce the cost of the life cycle of the pump installation based on the developed pump due to a significant reduction in investment costs and electricity costs during the pump operation compared to the base model.
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Figure 1. Construction and installation conditions of well pumps: 1—pump part; 2—electric motor; 3—power cable; 4—valve; 5—plate; 6—casing; 7—protective net; 8—drain plug; 9—pump control and protection station; 10—manometer; 11—latch; 12—storage capacity. 
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Figure 2. ECW 10-65-150 pump: 1—electric motor, 2—bearings, 3—stage, 4—impeller, 5—guide vanes, 6—coupling, 7—shaft. 
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Figure 3. Developed pump: 1—shaft, 2—impeller, 3—guide device, 4—automatic balancing device, 5—coupling, 6—mesh. 
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Figure 4. Stages of research implementation. 
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Figure 5. Calculation area, solid-state model of the stage. 
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Figure 6. Qualitative picture of the distribution in the basic pump stage’s flowing part: (a) total pressure; (b) relative velocity. 
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Figure 7. Characteristics of the basic stage of the ECW 10-63-150 pump. 
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Figure 8. Qualitative picture of the distribution in the developed pump stage’s flowing part (model 01): (a) total pressure; (b) relative velocity. 
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Figure 9. Characteristics of the developed stage of the ECW 10-63-150 pump (model 01). 
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Figure 10. Qualitative picture of the distribution in the developed pump stage’s flowing part with vaneless guide vanes (model 02): (a) total pressure; (b) relative velocity. 
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Figure 11. Characteristics of the developed stage of the ECW 10-63-150 pump with vaneless guide vanes (model 02). 
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Figure 12. Qualitative picture of the distribution in the improved pump stage’s flowing part (model 03): (a) total pressure; (b) relative velocity. 
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Figure 13. Characteristics of the improved stage of the ECW 10-63-150 pump (model 03). 
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Figure 14. Qualitative picture of the distribution in the improved pump stage’s flowing part (model 04): (a) total pressure; (b) relative velocity. 
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Figure 15. Characteristics of the improved stage of the ECW 10-63-150 pump (model 04). 
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Table 1. Design features of ECW-type pumps.
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Parameters of ECW Pump

	
ECW-10-65-150

(⌀260 mm)

	
ECW 10-63-150 (⌀260 mm)

	
ECW 8-63-110

(⌀205 mm)

	
ECW 8-65-160

(⌀205 mm)




	
Berdiansk

	
RPE Kharkiv Electro-Mechanical Plant

	
Livny City

	
Azov-Energomash

	
Berdiansk City

	
Livny City

	
Livny

City






	
Casing pipe diameter

	
260 mm

	
205 mm




	
Flow rate, m3/h

	
65

	
63

	
63

	
63

	
65

	
65

	
65




	
Head, m

	
22.5

	
150

	
150

	
150

	
110

	
110

	
160




	
Electric motor, kW

	
27

	
45

	
35

	
37

	
45

	
32

	
33




	
Supply voltage, V

	
31.5

	
380

	
380

	
380

	
380

	
380

	
380




	
Length, mm

	
2000

	
2040

	
1520

	
2040

	
3100

	
1930

	
2580




	
Mass, kg

	
200

	
294

	
198

	
294

	
147

	
173

	
235




	
Min well flow rate, m³/h

	
130

	
130

	
126

	
130

	
126

	
130

	
130




	
Nominal current, A

	
93.0

	
92.5

	
77.0

	
92.5

	
66.0

	
70.0

	
104




	
Number of stages, pcs

	
8

	
7

	
7

	
8

	
13

	
13

	
13











 





Table 2. Characteristics of the basic stage of the ECW 10-63-150 pump.
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	Duty Point
	Flow Rate Q, m3/h
	Head, m
	Efficiency, %





	0.05
	3.25
	18.97
	10.55



	0.10
	6.50
	19.28
	19.85



	0.20
	13.0
	19.28
	33.98



	0.40
	26.0
	19.14
	51.88



	0.60
	39.0
	18.26
	64.41



	0.80
	52.0
	16.40
	72.33



	1.00
	65.0
	14.75
	74.55



	1.20
	78.0
	11.97
	70.17



	1.40
	91.0
	8.440
	58.53



	1.60
	104
	4.300
	35.65










 





Table 3. Characteristics of the developed stage of the ECW 10-63-150 pump (model 01).
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	Duty Point
	Flow Rate Q, m3/h
	Head, m
	Efficiency, %





	0.05
	3.5
	103.2
	18.26



	0.20
	14
	107.7
	54.87



	0.40
	28
	106.3
	72.82



	0.60
	42
	75.13
	64.79



	0.80
	56
	42.96
	43.14



	1.00
	70
	9.040
	10.60










 





Table 4. Characteristics of the developed stage of the ECW 10-63-150 pump with vaneless guide vanes (model 02).
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	Duty Point
	Flow Rate Q, m3/h
	Head, m
	Efficiency, %





	0.05
	3.5
	65.0
	16.36



	0.20
	14
	52.5
	27.30



	0.40
	28
	43.1
	40.00



	0.60
	42
	43.2
	34.07



	0.80
	56
	45.8
	42.38



	1.00
	70
	48.0
	51.77



	1.20
	84
	45.7
	58.65



	1.40
	98
	33.4
	52.69



	1.60
	112
	33.5
	52.75



	1.80
	126
	17.0
	47.81










 





Table 5. Characteristics of the improved stage of the ECW 10-63-150 pump (model 03).
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	Duty Point
	Flow Rate Q, m3/h
	Head, m
	Efficiency, %





	0.05
	3.5
	74.57
	14.14



	0.10
	7.0
	78.30
	23.84



	0.20
	14
	80.21
	40.80



	0.40
	28
	80.08
	58.05



	0.60
	42
	78.78
	68.51



	0.80
	56
	72.61
	73.72



	1.00
	70
	61.54
	75.74



	1.20
	84
	48.87
	74.46



	1.40
	98
	34.47
	68.10



	1.60
	112
	19.35
	54.16










 





Table 6. Characteristics of the improved stage of the ECW 10-63-150 pump (model 04).
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	Duty Point
	Flow Rate Q, m3/h
	Head, m
	Efficiency, %





	0.05
	3.5
	76.22
	15.88



	0.10
	7.0
	79.75
	25.61



	0.20
	14
	82.30
	41.85



	0.40
	28
	83.88
	60.46



	0.60
	42
	83.73
	72.52



	0.80
	56
	76.79
	77.62



	1.00
	70
	65.04
	79.42



	1.20
	84
	51.52
	77.85



	1.40
	98
	36.83
	72.51



	1.60
	112
	20.49
	56.81










 





Table 7. Comparison of operating parameters of different stages of the developed pump.






Table 7. Comparison of operating parameters of different stages of the developed pump.





	
Parameter

	
Basic Stage Model

	
Developed Stage Models




	
01

	
02

	
03

	
04






	
Flow rate, m3/h (max efficiency mode)

	
65

	
28

	
84

	
70

	
70




	
Head, m (max efficiency mode)

	
14.75

	
106.31

	
47.96

	
61.54

	
65.04




	
Head, m (nominal mode)

	
14.75

	
9.04

	
45.67

	
61.54

	
65.04




	
Efficiency, % (max mode)

	
74.55

	
72.82

	
58.65

	
75.44

	
79.42




	
Efficiency, % (nominal mode)

	
74.55

	
10.60

	
51.77

	
75.44

	
79.42




	
Power consumption, W (max efficiency mode)

	
3504

	
11,139

	
18,718

	
15,560

	
15,621




	
Power consumption, W (nominal mode)

	
3504

	
–

	
17,824

	
15,560

	
15,621
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