
34

Труды университета №4 (89) • 2022

Introduction. Centrifugal pumps (CP) are widely 
used in all industries. And today we have an obvious 
fact that the energy intensity of pumping equipment 
is quite high. In various industries, the energy 
consumption of pumps averages 25-60% of the total 
power consumed [1]. The distribution of electricity 
consumption by pumping equipment, according 
to the European organization of manufacturers of 
pumping equipment «EuroPump» [2], ranks second 
after the energy consumption of process equipment. 
At the same time, almost a third of the energy costs 
are accounted for by dynamic pumps. Based on the 
foregoing, it follows that the problem of reducing 
the cost of energy consumed by pumping equipment 
is one of the key tasks of technical science. This 
problem is becoming especially acute today due to a 
sharp reduction in relatively cheap traditional energy 
sources.

To date, the following areas of modernization of 
pumping equipment can be distinguished:

- improvement of the flow part of the pump in 
order to increase efficiency;

- expansion of the working area for filing;
- reduction of vibration activity of the pump;
- increase in the resource of the front and 

interstage seals of the impellers due to the use of 
wear-resistant non-seize materials;

- use of mechanical seals that meet the 
requirements of the API 682 standard;

- reduction of the axial stroke of the motor rotor 
[3].

Object of study. The object of modification is 
a multistage horizontal centrifugal pump (Figure 
1). Multi-stage central pumps have some design 
features: the flow angles from the impeller are small, 
the speeds are relatively high, and the proportion 
of high-speed energy conversion attributable to the 
outlet device is significant, as a result, the hydraulic 
performance of the stage is reduced.

To modernize impellers, it is necessary to choose 
a blade system with optimal properties, however, 
measures that improve one of the parameters most 
often conflict with the provision of others. At the 
moment, there is a sufficient amount of scientific 
research on the modification of the geometry and 
structure of the impellers, in order to improve the 
hydraulic performance. The analysis is shown in 
table 1.

After analyzing the existing directions for the 
modernization of centrifugal wheels, it was decided to 
modify the existing paddle grid into a heterogeneous 
one, that is a grid with a variable pitch. This method 
will technically allow to stay within the framework 
of the existing wheel production technology and by 
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increasing the working area of the pump, to increase 
the overall integral hydraulic efficiency.

Theoretical foundations of the methodology for 
calculating variable-pitch blade systems.

The concept of a variable pitch (Figure 2) is based 
on the ideas of redistribution of predominantly impact 
losses at the inlet to the blade system throughout the 
entire impeller.

The implementation of such solutions involves 
the use of new approaches in the design. In particular, 
the vane system of the pump is calculated not for one 
point (Qcalc, Hcalc), but for the required delivery 
area (Q(Q1, Q2...Qn), H(H1, H2...Hn)).

Thus, formed hydrodynamic grating has 
different angles of inclination and installation angles. 
As a result, the working area of the pump expands. In 
this case, near the optimum ηopt, there may be a local 
decrease in efficiency, however, its values increase at 
the boundaries of the calculated feed range Qmin and 

Qmax. Thus, the average integral efficiency of a pump 
with a heterogeneous vane system is higher than that 
of analogues with a classical (homogeneous) vane 
system [8].

To analyze the reliability of the statement that 
a heterogeneous lattice reduces impact losses in 
the pump wheel, we considered the method for 
calculating impact losses given by the author in [9].

For the projections of absolute velocities on the 
circumferential direction in terms of the impingement 
angle and the circumferential direction in terms of 
the design angle of the blade, we use the following 
formulas:

- projection of the absolute velocity on the 
circumferential direction according to the angle of 
leakage:

 ,h g
V
2lf H

UH1
2T

{=  (1) 

Figure 1 – Pump impeller made of steel grade СТР 15-4

Table 1 – Data on the modification of the impeller blade system

Authors
Признаки Author 1 [4] Author 2 [5] Author 3 [6] Author 4 [7]

Modification oramating bunk grating heterogeneous with 
three pairs of blades and 
the same exit angles

application of hydrophobic 
coatings on the surface of 
channels and wheel discs

Advantages affects the natural 
frequencies of the wheel, 
namely increases them

increases 
the flow 
rate

does not require 
modernization of the 
guide apparatus

channel roughness 
reduction

Disadvantages complicates the geometry 
and manufacturing 
technology

increases 
the friction 
of the flow 
on the blade

uneven flow along the 
blades

complexity in the 
application technology 
and an increase in the pro-
duction cycle of wheels
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where hlf – loss of flow per impact at the entrance to 
the wheel;
{H – coefficient of shock losses of the impeller 
grid;

VUH1
2T  – is the difference in the circumferential 

components of the absolute velocity when the 
direction of the flow deviates from its direction in 
the shockless entry mode.
The following formulas are used for the projections 

of absolute velocities on the circumferential 
direction along the angle of impingement and the 

circumferential direction along the design angle of 
the blade:

- projection of the absolute velocity on the 
circumferential direction according to the angle of 
leakage:
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where U1H – peripheral speed;
b1H – angle of flow on the blade;
RH1 – wheel entry radius;
bH1 – wheel channel width at the inlet;
W1H – flow restriction coefficient.
- projection of the absolute velocity onto the 

circumferential direction along the grating angle:
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where b1HЛ – impingement flow angle on the blade at 
the grating angle.

At a flow rate corresponding to a shockless wheel 
entry, the difference in the circumferential velocity 
components is:
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where Q0 – constant flow rate for fixed torque values.
On the figure 3 we will study the following flow 

model in velocity triangles.
Figure 3 shows that the total difference consists 

of three terms:

 .V V V V' "
UH UH UH UH1
2

1 1 1
0T = + +  (5) 

Figure 2 – Scheme for calculating the parameters of a 
heterogeneous lattice

Figure 3 – Flow model in velocity triangles for the impeller system
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We defined:
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Given the ratio:
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Finally:
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Then the expression for the loss function:
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If we analyze expression (9), we can conclude 
that the impact loss function quadratically depends 
on the value of the circumferential component of the 
absolute speed v_u, where one of the components 
of this value at a flow rate corresponding to the 
shock-free turbine entry is the difference between 
the circumferential velocity components at the wheel 
entry, By reducing the angle of installation of the 
blade, and accordingly the pitch, one can note the 
tendency of the value hlf to a minimum.

Automation of the design of a centrifugal wheel 
with a heterogeneous bladed lattice in the PYTON 
mathematical environment.

To reduce the design time for an impeller with 
a heterogeneous blade array, eliminate errors in 

calculations and improve the accuracy of constructing 
the geometry of three blades with different curvature, 
an automated module was created in the PYTON 
environment.

The algorithm of the automated module for 
determining the geometric parameters was based 
on the classical calculations of a wheel with a 
periodic blade array according to the methods [10] 
and the algorithm for calculating the parameters of 
a heterogeneous array, where the results will be the 
angles of the blades, i.e. the angles of the liquid b1, 
and the exit angles b2, and the pitch of the blade t.

The initial data for calculating the main design 
parameters of the pump are the values of the required 
pump head H, the pump flow Q, the shaft speed of the 
centrifugal multistage pump n, as well as the initial 
approximations of the design parameters obtained by 
the approximate method [10], [11], [12] of calculation 
main design parameters. To calculate the parameters 
of a heterogeneous paddle array, a cycle is introduced 
according to the pressure and feed values, which are 
determined from the condition of expanding the 
feed zone by Qi = (0.75;1.25;1.5)Qnom, iterations are 
performed according to the formulas for calculating 
the main parameters of the wheel.

Figure 4 shows a dialog box with the results of an 
automated calculation of the parameters of a wheel 
with a heterogeneous lattice.

The automated module allows you to import 
Cartesian coordinates (x; y) of the blade curvature 
into any 3D CAD system. To perform this function, 
the program algorithm contains an operator for 
converting a cylindrical coordinate system into a 
Cartesian one.

According to the range of feed variation, according 

Figure 4 – Program window with calculation results
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Table 2 – Calculated data of the geometric characteristics of a heterogeneous vane array

minQ 0,7Q 1Q 1,2Q 1,5Q
Q, m3/day 8 10 15 18 23
Н, m 53 51,5 46 41 29
b1, m 0,021 0,023 0,028 0,03 0,035
b2, m 0,006 0,005 0,008 0,009 0,002
β1, in degrees 25,3 26,2 27,3 27,8 30,2
β2, in degrees 18,4 19,1 19,9 20,3 22

to industrial tests, according to the Q-H curve of 
characteristics (Figure 5), the heads and geometric 
parameters of the three blades of a heterogeneous 
grid were determined, the data are summarized in 
Table 2.

Based on the results of the calculation, the first 
digital model of a centrifugal wheel with a variable 
pitch grid of blades was built (Figure 6).

Simulation and modeling of flow movement in 
the SFlow system, checking pump components for 
strength, durability.

To determine the hydraulic and kinematic 
characteristics of the modified impeller with a 
heterogeneous lattice, a new geometry of the impeller 
was modeled in SFlow and compared with the results 
of the calculation of the existing impeller. The simula-
tion results are shown in figures 7, 8.

The analysis of the results showed that the 
diagrams in figures 7, 8 prove the trend of flow 
equalization for the modified wheel than for the 
existing factory one. The influence of a heterogeneous 
lattice can be characterized as a tendency to increase 
the pressure indicators and a smooth increase in the 
relative speed along the blades, so the maximum 
pressure in the factory wheel is Pmax = 35178.23 Pa, the 

flow rate is W = 15.05 m/s, and for the modified wheel 
these indicators are Pmax = 42718.23 Pa, flow velocity 
W = 16.73 m/s.

Conclusions
1. The conducted complex of scientific researches 

of modern directions of modernization of dynamic 
pumps allows us to conclude that the most promising 
direction is the replacement of a homogeneous blade 
array with a heterogeneous one, which will lead to an 
increase in the integral hydraulic efficiency.

2. The impact loss function quadratically depends 
on the magnitude of the circumferential component 
of the absolute speed, increasing the angle of 
installation of the blade, and, accordingly, the pitch, it 
can be noted that the value of the impact loss function 
tends to a minimum.

3. Based on the classical methods of hydrodynamic 
calculation of the parameters of centrifugal wheels, a 
method was developed for designing wheels with a 
heterogeneous vane array, capturing the expansion of 
the pump working area from 0.7Qnom to 1.5Qnom.

4. On the basis of the developed theoretical 
calculation algorithms, a block diagram and an 
automated module were created for calculating the 
parameters of a wheel with a modified heterogeneous 
blade array.

5. The simulation of the flow in two versions of the 
wheels showed the following results: in the factory 
wheel it is Pmax = 35178.23 Pa, the flow rate is W = 15.05 
m/s and for the modified wheel these indicators are 
Pmax = 42718.23 Pa, the flow rate is W = 16.73 m/s.

Figure 5 – Test report
Figure 6 – Digital model of a wheel with a 

heterogeneous lattice
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a                                                                                                        b

a) pressure distribution; b) flow velocity distribution in the existing wheel

Figure 7 – Calculation diagrams

a                                                                                                        b

a) pressure distribution; b) flow velocity distribution in the modified wheel

Figure 8 – Calculation diagrams
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