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INCREASING THE LEVEL OF ENVIRONMENTAL SAFETY
OF PUMPING UNITS BY ENERGY SAVING DURING
REGULATION

C. Cypxos, O. bymenxo, A. Kapamywrxo. IlinBuieHHs1 piBHSI eKOJIOTiYHOi 0e3lleKH HACOCHHX YCTAHOBOK IILISIXOM
€Hepro3aomazkeHHs1 NMpH peryaoBanHi. OOIPyHTOBAHO aKTyalIbHICTh BJIOCKOHAJICHHS METOMIB PO3PAaXyHKIB HACOCHHX YCTaHOBOK
TiIpaBIiYHUX CHCTEM 33l EHepro30epekeHHs 1 BIANOBIHOrO MiJBUILEHHS iX PIBHA €KOJNOTriYHOi Oe3neku. JUisi MpHCKOpEHHS
TiIpaBJIiYHUX PO3PAaXyHKIB Ta IMiJBUILEHHS 1X TOYHOCTI 3alPOIIOHOBAHO allPOKCUMYBATH HasIBHI XapaKTEPUCTUKH BiLIEHTPOBHUX HACOCIB, 1110
3a3BUYall IOJAIOTHCS Y Macmoprti obnagHaHHA y rpadivdiil ¢opmi, KBaapaTH4HOW mMapabonor. OTpUMAHO 3arajibHi PIBHSHHS IS
QHANITUYHOIO BH3HAYCHHS MapaMerpiB po0o4oi TOUYKH, MOOYJOBH HAmipHOI XapaKTEePUCTHUKHM Hacoca NPU HOBIM 4acToTi oOepraHHS Ta
(hopMyJly TEOMETPUYHOTO MiCLisl BEpIIMH HAMiPHUX XapaKTEPUCTHK JUIS Pi3HMX 4acTOT oOepTaHHs pobodoro koneca. JloBeneHo, mo mpu
YaCTOTHOMY PEry/IIOBaHHI XapaKTepPHCTHKA HACOCA 3MIIILYeThCS €KBIIMCTAHTHO B3I0BIK MapaboJH MPOIOPIIHHOCTI. AHAJIONYHUM YHHOM Ha
XapaKTepPUCTUKN Hacoca BILIMBaEe 00TOuKa pododoro koneca. OTpUMaHO PIBHSAHHSA, K€ JO3BOJISE, HE 3BEPTAIOUUCH JI0 IPpadoaHaiTHIHOTO
METONy, pO3paxyBaTH 3MiHY XapaKTEpUCTHUK Hacoca HpH MPONOPLiiHii 3MiHI yciX HOro po3mipiB i mocTiiHiii yacToTi oOepTaHHs Ta
PIBHSAHHS KpUBOi MOJMIOHNX pekuMiB. Lo KpUBY 3ampoNOHOBAHO Ha3MBATH KpHUBOO Moji6HOCTI. [Toka3aHo, 10 B3J0BXK KPUBOi MOJiOHOCTI
Koe(iLieHT MIBUIKOXITHOCTI € MOCTIHHOIO BennunHo0. Ha mijcraBi OTpUMaHuX pe3ysbTaTiB 3alIPOIIOHOBAHO METO MOPIBHSIBHOTO aHANI3y
€HEeproe)eKTHBHOCTI PEryJIIOBaHHS HACOCHOI YCTAHOBKM LIISXOM 3MiHM YacTOTH OOEpTaHHS Ta MPOMOPILIHHOI 3MIHM PO3MipiB poOOYOro
Kosieca. 3aCTOCYBaHHsS METOJy IpPOJEMOHCTPOBAHO Ha KOHKpPETHMX Npukiagax. JlocsrHeHHs HaiiBuimoro KKJI HacocHOi ycTaHOBKH
3abe3nevye HaliMEHIII eHepro3aTpaTy, OTKE MiHIMi3ye BUKHIM IIKi[UIMBUX PEUOBHH B aTMochepy.

Krouosi crosa: exonoriuna Oe3neka, eeKTUBHICTb, BIALCHTPOBI HACOCH, PETrYJIIOBaHHS MOAAYi, TiIPaBIi4yHi OMOPH, 3MiHA YaCTOTH
o0epTaHHs1, 3aKOHM MOAIOHOCTI, 3aKOHU MPOTIOPLIHHOCTI

S. Surkov, O. Butenko, A. Karamushko. Increasing the level of environmental safety of pumping units by energy saving during
regulation. The relevance of improving calculation methods for pumping units of hydraulic systems in order to save energy and
correspondingly increase their level of environmental safety is substantiated. To speed up hydraulic calculations and increase their accuracy,
it is proposed to approximate the existing characteristics of centrifugal pumps, which are usually presented in the equipment passport in
graphic form, with a quadratic parabola. The general equations for the analytical determination of the working point parameters, the
construction of the pressure characteristics of the pump at a new rotation frequency and the formula for the geometric location of the tops of
the pressure characteristics for different rotation frequencies of the impeller were obtained. It has been proven that with frequency control,
the pump characteristic shifts equidistantly along the parabola of proportionality. In a similar way, the characteristics of the pump are
affected by the casing of the impeller. An equation has been obtained that allows, without resorting to the grapho-analytical method, to
calculate the change in the characteristics of the pump with a proportional change in all its dimensions and a constant frequency of rotation
and the equation of the curve of similar modes. This curve is proposed to be called the similarity curve. It is shown that the velocity
coefficient is a constant value along the polynomial curve. On the basis of the obtained results, a method of comparative analysis of the
energy efficiency of the regulation of the pumping unit by changing the rotation frequency and proportionally changing all dimensions of the
impeller is proposed. The application of the method is demonstrated on concrete examples. Achieving the highest efficiency of the pumping
unit ensures the lowest energy consumption, thus minimizing emissions of harmful substances into the atmosphere.

Keywords: environmental safety, efficiency, centrifugal pumps, flow regulation, hydraulic resistances, change of rotation frequency,
laws of similarity, laws of proportionality

Introduction

Energy saving when adjusting the parameters of pumping systems is an important means of in-
creasing the level of environmental safety. Throughout the entire time of technological development of
human society, there is a clear trend of increasing energy consumption, both overall and per person.
Energy consumption grew especially rapidly during the last century, when electrical energy became
the main form of energy. Thus, before the beginning of the Second World War (in 1938), 460 billion
kWh were produced; in 1950 — already 970 billion kwh, in 1970...5050 billion kwWh, in 2000...15600
billion kWh, and in 2022...29100 billion kWh. Despite the development of nuclear power, hydropower
and alternative sources, thermal power remains the main producer of electricity in the world (in gen-
eral, about 60% of global production). It is clear that the use of the appropriate amount of fossil fuels
at TPPs creates incredibly high pressure on the natural environment and is the main driver of climate
change. Therefore, the issue of ensuring a high level of energy efficiency in both the industrial and
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household spheres is an important factor in ensuring global environmental security.

Analysis of recent research and publications

A necessary element of the vast majority of modern technological processes and productions are
hydraulic systems with pump supply. Of the total amount of energy produced in the world, pumping
systems consume about 20% [1, 2]. Such systems are basic for energy, chemical, metallurgical indus-
tries, housing and communal services, irrigation systems, etc. Almost all of these systems use centrif-
ugal pumps of various designs, the common feature of which is the ability to adjust the supply and
pressure in a sufficiently wide range. The main methods of regulation are throttle (by means of adjust-
able local resistance) and frequency (by changing the frequency of rotation of the impeller). The by-
pass method is used less often. Taking into account the fact that even at the design stage, pumping
equipment is always selected with a certain head and supply margin, the task of adjustment is very
common [3]. In addition, there are technological processes that, by their very nature, require frequent
changes in parameters. For example, the hydraulic tract of feed water on units of thermal power plants
with a variable daily mode of operation or the domestic water supply system of settlements.

The modern development of pumping technology no longer allows to significantly increase the
efficiency of the process of transferring drive energy to the liquid in the pump itself. Therefore, a re-
serve for increasing energy efficiency is the optimization of the process of adjusting the parameters of
the pump, given that it is an element of the pump installation (hydraulic system), that is, to take into
account not only how the adjustment process affects the efficiency of the pump itself, but also to ana-
lyze the impact of this process on losses energy in the hydraulic system. The energy saving potential
that can be achieved by adjusting the pumping system is about 30% [2, 4].

The issue of quantitative comprehensive assessment of the efficiency of the hydraulic system
with pump supply was considered in [5, 6]. Based on the introduction of the concept of the efficiency
of the system element, the authors proposed the following formula:

L1 g1 e 0

o Sln e
where n, n,, n, — efficiency of the hydraulic system as a whole, the pump and the i-th element of

the system, respectively;

o; and wjare cross-sectional areas of individual sections.

Formula (1) makes it possible to quantitatively estimate the energy efficiency of a hydraulic sys-
tem taking into account the efficiency of each of its elements, but it is not convenient for real net-
works, where the number of such elements can be significant. In addition, for example, when the valve
is fully closed, its efficiency is zero, which leads to the need to divide by zero.

In work [7], for the overall energy efficiency of the hydraulic network, the coefficient of energy

perfection of the network is proposed:
S 2
g:np[l_&], (2)

H

p

which is the ratio of the flow power at the output of the hydraulic network to the supplied power,
which is the power on the pump shaft (here Q, and H, — supply (m*/s) and pump head (m), S is the
resistance of the hydraulic network, s/m°).

In [8], formula (2) is transformed for the case of a complex hydraulic network. The head losses in
all sections of the network are summarized here:

5.02
n=n{1—z 9 J (©)

H

p

In [9], new efficiency calculation methods were used to compare two options for the moderniza-
tion of the aerodynamic system — when replacing the electric motor to increase the frequency of rota-
tion of the fan impeller, and when replacing the fan without replacing the electric motor.

But the problem of energy saving with different methods of flow control in hydraulic systems has
not been fully investigated.
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The purpose of the work is to improve calculation methods for increasing the level of environ-
mental safety of pumping units by ensuring energy savings during their regulation.

Presentation of the main material

The full head of the pump H , which must be applied to the liquid in a simple pipeline, can be

represented as the sum of the static head H,,, the change in the speed head and head losses Ah=SQ?:

o
v =V
29
The useful power of the pump is usually represented in the form:

H=H_+

p st

+5Q°.

2 2

N, =pgH,Q :ng(Hst + V22_Vl +SQ2]-
g

But in reality, the term SQ? is not useful, because this part of the power cannot be used by the

consumer (this is taken into account in [7, 8] when introducing the concept of the coefficient of energy

perfection of the network).
2 2

V, — V. . . N . L
The term % takes into account the change in the kinetic energy of the flow. Since liquid is

g
taken into the pump, as a rule, it is carried out from a tank or reservoir of a large size, then almost al-

ways v, = 0. If the output of the liquid from the pipeline is carried out into a large tank, then it can be

2 V2

assumed that v, = 0. But in the general case, the change in dynamic head Yo~ should be included

29
in the right-hand side of the equation for useful power.
It is easy to illustrate these ideas on the example of a simple pipeline in which the supply is regu-
lated by means of a throttle. The characteristics of such a pump installation are shown in Fig. 1. There
are head losses:

Ah = SplQZ + Stth2 ’

where S, — pipeline resistance, s*/m®;
S, — throttle resistance, sm®.
Since the product pg is constant for the hydraulic system under consideration, the ratio of the ar-

eas of the colored rectangles in Fig. 1 is equal to the ratio of the corresponding powers. In particular,
the product H Q is proportional to the total area of rectangles 1 - 4 (Fig. 1).

H Pump
, ¢
® e
® S0
) V§2—g Vi
Hs
@ Q

Fig. 1. Useful power and power losses when calculating the efficiency of the hydraulic system
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2\ 2
2

k] J . Rectangles
g

In Fig. 1, rectangles 1 and 2 reflect useful power components —ng[Hst + v

3 and 4 reflect power losses in the pipeline and in the throttle — pg (S + S, )Q°. In this case, the total
efficiency of the system, according to (3), is equal to:

(S +Str)Q2
n=n,{1——"' Hh J

p

Since the pump characteristics are usually presented graphically, the problem of calculating the
control parameters is also solved by the graph analytical method. For the vast majority of engineering
personnel, this way is familiar, but at the same time it is inconvenient and does not take into account
the modern possibilities of computer technology.

Modern software allows you to largely automate such calculations, that is, speed them up and in-
crease accuracy.

To a large extent, the approximation of the pump characteristic by a quadratic parabola contrib-
utes to the achievement of this goal. At the same time, the characteristic of the pump is described by
the equation:

H,(Q)=aQ’+bQ+c,, (4)
where H, —pump head, m;
Q - volumetric supply, i.e. volumetric flow of liquid at the pump outlet, m%s;
a,, b,, ¢, —regression coefficients.
Coefficients a,, b, and c, are found from the passport characteristics of the pump by approxi-

mation by the method of least squares.

It can be assumed that the pump manufacturers, who experimentally determined the passport
characteristics, often used the quadratic approximation of the experimental data. For example, the
characteristics of the K 90/55 pump [10] are approximated by a parabola (Fig. 2). The coefficient of
determination R? exceeds 0.999, which indicates a very high level of agreement. It can be shown that
the coefficient R? is close to unity for other centrifugal pumps as well.

+ Experimental points
H,m //—0——“*\\ _Ap?)roximatiore
60¢ \
55
50 \'

45 >
y = - 0.0404667x" + 0.8036017x +
+59.6883030R? = 0.9996346

0 5 10 15 20 25 30 Qs

40

Fig. 2. Approximation of the pressure characteristic of a centrifugal pump by a quadratic parabola and regression
equation

Most of the typical problems of hydraulics involve finding the working point of the pump-
pipeline system. If the coefficients of local losses and losses along the length of the pipe lie in the re-
gion of self-similarity, the characteristic of a simple pipeline is described by the equation:

H,(Q)=SQ” + Hy, ®)

where H_ — static head, m;
S — pipeline resistance, s%/m”.
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The operating point shows what the actual flow rate and the actual pressure will be set in the sys-
tem during the operation of this pump on this pipeline. At the working point:

H,—H,=0. 6)

Thus, the search for the operating point of the “pump-pipeline” system consists in the analytical
solution of the system of equations (4) — (6) or in the graphical search for the point of intersection of
the pump and pipeline characteristics.

In the case of a simple pipeline, the system of equations (4) — (6) reduces to the equation:

(8, -S)Q* +b,Q+c, —H, =0.

So, in order to find the point of intersection of two characteristics, it is necessary to solve a quad-
ratic equation:

aQ?+bQ+c=0, (7)
in which:
a:ap—s,
bzq,
c=c,—Hg.

The pump supply at the operating point is found by the formula:

—b—+/b?*-4ac

Qup = 2a

The “minus” sign in front of the square root ensures a positive value of Q_, considering that the

op !
parameter a, in the pump characteristics almost always is negative.

Fig. 3 shows the operating point A, which is located at the intersection of the pump characteristic
H,(Q) and the pipeline characteristic H,(Q). As a result of solving equation (7), the flowrate Q,

was found.

Throttle regulation, despite its energy-consuming nature, is nowadays the most common method
of regulating pump supply due to the simplicity and cheapness of the equipment used.

There are head losses in the throttle, which can be calculated using the formula:

Ahy, =H, —H,=2,Q* +bQ+c, ~SQ* —H,.

The graph (Fig. 3) shows that with throttle adjustment, the operating point moves along the pump
characteristic from point A to point B. In this case, head losses Ah,, occur, which are displayed by the

vertical segment BC.
The throttle resistance required to obtain the H.(Q)
supply Qg is calculated by the formula: oQ

Ahthr D

Siv = : A
" Qé Ahthr:Stth2 <

The physical meaning of the throttling process C
is that part of the flow’s mechanical energy is con-
verted into thermal energy, that is, the usable energy
of the flow (or its exergy) is lost, and this, according
to (3), reduces the efficiency of the system.

The main alternative to throttle regulation is Hor=rQ?
regulation by changing the frequency of rotation of
the pump impeller. As a rule, the calculation part V ]
of the task of such adjustment consists in deter- Qs QO

mining the new frequency n,, which will provide . . . .
. . Fig. 3. Finding the operating point and ways
a new value of flow rate .. in the hydraulic net- to adjust the feed

Hst Ha(Q)
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work. At the same time, the pressure characteristic of the centrifugal pump at the rotation frequency n,
is given by equation (4).

The solution to this problem is based on the laws of proportionality, which relate the parameters
of the same pump at different rotation frequencies:

2
&_nz Hz_nz

Ql nl , Hl r]:I.Z '
The laws of proportionality are valid for points that lie on the same parabola of proportionality,
that is, on the curve given by the equation:

H, =rQ’. 8)

The peculiarity of this problem is that the coordinates of the new working point Q¢ and H¢ are
given. This allows you to draw a parabola of proportionality through it.

The algorithm for finding a new operating point is illustrated by a graph (Fig. 3). To draw the pa-
rabola of proportionality through point C, the parameter r is calculated as:

— HC
Q2
Now it is necessary to find the coordinates of point D, that is, the point of intersection of the old

characteristic of the pump with the proportionality curve. Searching for a feed at point D — Qp — again
comes down to solving the quadratic equation (7). This time:

azap—r,

r

Qe

When Qp, is found, we find the new rotation frequency as: n, ==
D

When changing the rotation frequency, there are no pressure losses on the regulating device. But
in this case, it will be necessary to spend money on an adjustable pump drive.

The problem of frequency control is more complicated, when the pressure characteristic at the in-
itial rotation frequency n,, described by equation (4), the new rotation frequency n, and the required
flowrate Q, are given, and the pump head is to be determined.

The peculiarity of this problem is that it does not specify two coordinates of any point that lies on
the required proportionality curve. Therefore, it is necessary to derive the general equation of the
pump characteristics at the new rotation frequency n, .

For the solution, we again use the laws of proportionality and enter the value k as the ratio of ro-

tation frequencies:
k=12
n1

Then:

Q, H,
=2 H=-_Z
Q= k2

Substitute these expressions into the pump characteristic equation:

k k¥ k™
and we will get the characteristic of the pump at the new rotation frequency:

H, =a,Q; +b.kQ, + ¢ k*. 9)
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This equation allows you to find the head of the H
pump H, at a given supply Q, and rotation frequency

n,. The cases k >1 correspond to an increase in the

rotation frequency, and k <1 to its decrease.

The graph (Fig. 4) shows several characteristics
of the pump at different values of k.

The question of how the shape and location on
the graph of the pump characteristics changes when
the rotation frequency changes is of interest.

If the pump characteristic is described by equa-
tion (4), then the coordinates of the top of the parabo-
la can be found:

2
0 _—_bp H _4a.c,—b, Q
0~ 1 0o — — .
2ap 43, Fig. 4. Characteristics of the pump at different
With such designations, the pump characteristic frequencies of rotation of the impeller. 1 - k =1.1;
equation (4) takes the form: 2- k=1 3- k=0.9; 4-geometric locus of
H=H,+a, Q- Qo)z _ points of maximum head (vertices of parabolas)

Please note that the b, and c, parameters affect

the location of the top of the parabola. But it is immediately clear that the shape of the parabola does
not change, because it is determined only by the coefficient a, .

When the rotation frequency changes, the coordinates of the top of the parabola become depend-
ent on the parameter k:

Qu(K)=KQy =

0 - 0 :Zfip !
4ac —h?
Ho(k)szHozkz—p4’; E.

p

Thus, we obtained the equation of the curve, given parametrically. By removing k from this sys-
tem, we get the equation of the geometric locus of the parabola vertices:

Ho(k) =a (4‘3”% —IJQZ
0 P t) 0"

2
p

That is, the geometric locus of the peaks of the pressure characteristics is a quadratic parabola
that passes through the maximum point at the initial rotation frequency n, and through the origin of
the coordinates. In fig. 4 characteristics of the pump at different rotation frequencies are shown by
curves 1, 2 and 3, and the geometric locus of the parabola vertices is shown by curve 4.

In the special case b, =0, the top of the parabola “slides™ along the vertical axis, without chang-

ing its shape, that is, it moves equidistantly. Then a new characteristic of the pump:
H, =a,Q; +ck*.

Another alternative to throttle control is to consider changing the range of the pump by turning
the impeller. The peculiarity of the calculation is that the change in the diameter of the impeller during
turning affects the proportionality equation similarly to the change in the rotation frequency. There-
fore, for calculations, you can use the equation of the curve (8), which this time is called the “turning
parabola”, and the equation of the pump characteristic (9). But in this case:

D

k — turn .
D

— diameter of the impeller after turning;

out

where D

turn
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D, —the outer diameter of the impeller.

The coefficient k in the case of turning must always be less than unity.
The graph (Fig. 3) can also be used to calculate the required diameter of the turning, at the same time:

Dturn = DOUtQC *
Qo

It is obvious that, compared to throttling, the regulation of the pump parameters by the frequency
of rotation and the turning of the impeller will ensure higher energy efficiency, and therefore the level
of environmental safety of the pump installation.

Another type of hydraulic problem is obtaining the characteristics of a pump geometrically simi-
lar to this one at a constant rotation frequency. Given the characteristic of the existing pump (4) and
the required supply. It is necessary to determine the head of the new pump.

Solving such a problem arises at the stage of designing a new pump, when it is necessary to cal-
culate the expected characteristics of the new pump. Also, such a calculation can be useful when
choosing a new pump from the catalogs of manufacturers.

Since two coordinates of the new operating point are not specified in the problem, it is necessary
to obtain the equation of the entire characteristic of the pump.

Laws of similarity for centrifugal pumps:

Q _nD  H, _nD;
Q. mDy H, niDy

where Q, and Q,, — supplies of full-scale and model pumps;
H, and H,, —head of natural and model pumps;
D, and D, —outer diameters of impellers of full-scale and model pumps;

n,and n —rotation frequency of working wheels of full-scale and model pumps.
If you enter a linear modeling scale:

By removing the parameter I, we will obtain the equation of the curve of similar modes with a
proportional change of all dimensions of the impeller and at a constant rotation frequency:

%
H, (Q,
(&) (10

We suggest calling such a curve a similarity curve, or a curve of similar regimes.

We see that the lines of similar regimes at a constant rotation frequency have the form of a power
dependence with a degree of 2/3.

We have:

Q, =I°Q,, H, =I°H_.
Substitute H, and Q, in the pressure characteristic equation of the natural pump (4). For simplifi-
cation, we omit the “m” index:

I°’H =al°Q® +bl*Q +c.

Dividing all terms by 1%, we get the characteristic equation of the model pump:

H = al“Q? +bIQ +|£2. (12)
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It can be seen from equation (11) that the coeffi- H
cient before Q* depends on the scale of modeling . ml\
Therefore, when changing the geometric dimensions

of the pump, the shape of its characteristics changes. 2

The graph (Fig. 5) shows examples of the char-
acteristics of geometrically similar pumps and con- 3
stant rotation frequency.

Curve 5 in Fig. 5 is one of the similarity curves 4
defined by equation (10). For the drawing, such a sim- ~
ilarity curve is chosen, which is the geometric locus of
the peaks of the pressure characteristics of the pumps.

The similarity curve equation (10) can be rewrit-

ten in the form: Q
2/3
Q — const Fig. 5. Characteristics of geometrically similar
’ pumps at constant rotation frequency and different

or, raising the numerator and denominator to a pow- linear modeling scales:1-1=13, 2-1=1.2
er 3/4: 3-1=1.1, 4-1=1; 5- geometric locus of

QU2 points of maximum head (vertices of parabolas)

W = COI’]St .

This constant can be multiplied by another constant 3.65-n = const, since in our case n=const .
Then along the similarity curve:
n
3.65 \/6

3/4
H

That is, the similarity lines obtained are lines with a constant speed coefficient n,. If you plot a

large number of lines of similarity, you can see that at each point of the pump characteristic, the speed
coefficient is different. But in the passport characteristics of the pump, the speed coefficient calculated
for the point with maximum efficiency is indicated.

By analogy with [9], we will find out with specific examples which means of increasing the pres-
sure will ensure a higher efficiency of the hydraulic system: changing the electric motor to ensure a
higher rotation frequency, or changing the pump to a geometrically similar one without changing the
rotation frequency.

We take as a basis the characteristics of the K 90/55 pump at the passport speed of rotation
n, =2900rpm. Let’s imagine that the existing hydraulic system needs to be modernized to ensure a
head H, =78 m at a flow rate Q, =28 I/s. Pump characteristics and the operating point A are shown
in graph (Fig. 6).

We will consider two ways to solve this technical problem.

The first way is to increase the rotation frequency of the existing impeller. We draw a parabola of
proportionality through the given operating point A and find point B (Fig. 6), where it intersects with
the pump characteristic. Solving the quadratic equation (7) and taking into account the proportionality
curve equation (8), we get Q, =23.72 I/s at the point of intersection.

Then the rotation frequency is required:

n, = nQ, 290028 _,,)s rpm.
Qs 23.72
The second method is the use of a pump, geometrically similar to this one, at a constant rotation
frequency.
We draw a similarity curve described by equation (10) through the given operating point A. Un-
fortunately, the system of equations (4) and (10) cannot be solved analytically. Numerical methods

give for point C, in which these characteristics intersect, Q. =19.041/s. According to this method, all
dimensions of the impeller must be increased by I times, where:

=n, =const.
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= o2 o 28 137,
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Fig. 6. Comparison of pump installation modernization optionsat H, =78 mand Q, =28 I/s:
1 — Pump head; 2 — Operating point; 3 — Proportionality curve;
4 — Similarity curve; 5 — Pump efficiency

The useful power of the pumping unit is the same in both cases, because it is determined by the
operating point parameters. Therefore, according to (3), the efficiency of the system will depend only
on the efficiency of the pump.

Dropping the perpendiculars BD and CE from the operating points to the pump efficiency curve,
we see that with the first method, the pump efficiency is about 74% (point D), and with the second —
68.5% (point E). So, in this particular case, the first method provides less electricity consumption, and
therefore less anthropogenic load on the environment.

Let’s repeat the same calculations for the case when the parameters of the new operating point
H,=65mand Q, =32 I/s (Fig. 7).
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Fig. 7. Comparison of pump installation modernization options at
H,=65mand Q,=32 I/s
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From Fig. 7, it can be seen that this time point E is higher than point D. When the rotation fre-
guency increases, the efficiency of the pump is about 71.8%, and when the pump size increases pro-
portionally, it is 74%, that is, the second method will be optimal.

Conclusions

1. Through the analysis of previous studies, the relevance of improving the calculation method
for regulating pumping units of hydraulic systems is substantiated.

2. To automate hydraulic calculations and increase their accuracy, it is proposed to approximate
the passport characteristics of centrifugal pumps with a quadratic parabola. It is shown that such a
simple method provides a very high coefficient of determination and is universal.

3. General equations for analytical determination are obtained:

— operating point parameters,

— pressure characteristic of the pump at a new rotation frequency (it has been proven that with
frequency control the pressure characteristic of the pump shifts equidistantly),

—the geometric locus of the peaks of the pressure characteristics at different frequencies of rota-
tion of the impeller,

— characteristics of the pump with a proportional change of all its dimensions and a constant fre-
guency of rotation and a curve of similar modes.

4. A method of comparative analysis of the energy efficiency of the regulation of the pumping
unit by changing the rotation frequency and proportional change of all the pump dimensions is pro-
posed. It is shown that even for the same pump, the optimal method can vary depending on specific
control parameters. This confirms the relevance and importance of analytical calculation methods from
the point of view of ensuring energy efficiency and, accordingly, environmental safety.
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