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Abstract. Water supply and wastewater disposal refers to industries with intensive use of pumping equipment, the share of
electricity consumed by pumps is more than 50% of the total energy consumption. Therefore, the issue of improving the ener-
gy efficiency of water supply is, first of all, the rational operation of pumping equipment. One of the reasons for the reduction
of technical and economic performance of submersible pumping units is the failure of electric pump motors due to overheating
during operation. In any electric motor during operation, even with the highest efficiency part of the electrical energy supplied
goes to heating, so that the motors do not overheat and do not fail, they need to be cooled. Motors for well pumps unlike sur-
face pumps have a different design, and they do not have a fan, but they also need to be cooled during operation. But in order
for the motor to be cooled properly, the necessary fluid velocity must be determined around the motor. This velocity can be
provided by means of cooling hoods. This issue is particularly relevant when submersible pumps are used to pump water from
tanks, cisterns or open ponds, where the use of cooling covers is mandatory. Manufacturers of submersible pumps specify in
their technical data the minimum permissible liquid velocity for cooling the motor casing. If the flow velocity of the pump
motor is less than that specified in the technical data of the equipment, it is necessary to determine the minimum permissible
velocity of the liquid flow around the pump motor. In this connection substantiation and development of methods of research
and calculation of parameters of liquid flow around the pump motor, is an actual scientific and practical task, having branch
importance. At the same time, at the present stage, the existing methods and two ways of determining the velocity of the fluid
flow around the submersible pump motor: calculation - by means of analytical formulae and graphical - by means of charts of
rational areas of application of cooling covers do not provide a sufficiently complete solution of the problem of providing a
turbulent vortex flow along the motor, preventing the formation of deposits and providing cooling of the motor regardless of
the type of formed deposits of minerals, bacteria or metals. The article proposes an improved method of modelling the fluid
flow around the electric motor housing of a submersible pump using the SolidWorks software package, which allows to solve
the problem of cooling the motor by justifying the design parameters of cooling covers. The aim of the work is to provide
conditions of stable cooling of pumping unit motors at which the temperature of electric motor windings will be within permis-
sible limits, which is the main point in the durability of submersible pumps. To achieve this goal, the task of developing a
methodology for modelling the turbulent vortex fluid flow along the electric motor of a submersible pump and studying the
design parameters of cooling covers is solved. The research methodology included both numerical modelling methods and
experimental studies. The obtained results allowed to characterize in detail the fluid velocity fields around the pump unit, to
reveal the features of the hydrodynamic behavior of the system and to determine the parameters influencing the durability of
submersible pump units.

Keywords: flow velocity, liquid, submersible pump, electric motor, hydrodynamics, design optimization, efficiency of oper-
ation, productivity, energy losses, velocity fields, liquid flow.

1. Introduction

The overall energy consumption in industries depends in
no small measure on the performance of pumping equipment.
The efficiency of a pumping station is often lower than the
efficiency of the individual pumps installed in the station.
The reason for the low energy efficiency is a mismatch in the
operating characteristics of the equipment. To improve the
efficiency of pumping plants, it is necessary to reduce the
operating costs of the pumping equipment.

In an electric motor, during high-efficiency operation,
part of the electrical power input is used for heating. Heating
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the motor reduces its efficiency, which is often accompanied
by power overruns. At the same time, cooling the motor
increases the service life of the pump unit. Surface motors
have a fan on the shaft, which cools the motor with air flow
when the motor is switched on. Motors for borehole pumps
have a different design, and they do not have a fan, but they
also need to be cooled by any means during operation. When
the motor is working in the well, usually the water tempera-
ture ranges from 8-14°C, and it is this water that will cool the
motor [2]. Due to improper selection and operation of the
pumping unit in some wells the motors are cooled normally,
and in others they fail due to overheating. In surface motors,

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.



https://met.journal.satbayev.university/
http://creativecommons.org/licenses/by/4.0/
mailto:g.akanova@satbayev.university
https://met.journal.satbayev.university/index.php/journal/article/view/1270

D. Kramsakov et al. (2025). Journal of Energy, Mechanical Engineering and Transport, 2(1), 18-24

a fan creates sufficient airflow to extract the heat generated
by the motor during operation. Similarly, well motors are
cooled by the flow of the pumped fluid. A certain flow veloc-
ity around the pumping unit makes it possible to cool and
operate the motors normally. In some cases, the fluid flow
velocity along the submersible pump motor is not sufficient.
In such cases, the liquid flow velocity can be ensured by
means of cooling shrouds. In addition, very often borehole
pumps are used to supply water from tanks, cisterns or open
ponds, where the use of cooling covers is mandatory. Manu-
facturers of borehole pumps specify in the technical data the
minimum permissible liquid velocity for cooling the motor
housing. Some manufacturers also specify the maximum
operating time of the motor when the valve is closed [3].

Submersible pumps are used in demanding applications.
They are constantly exposed to water pressure, vibration,
high temperatures, abrasive particles, etc. Therefore, the
pump units are manufactured with a large safety margin, but
over time they develop various failures. The main failures of
electric submersible pump units and their causes can be di-
vided as follows:

1. Decrease in insulation resistance:

a. mechanical damage to the cable insulation when the
submersible pump is lowered, due to violation of the rate of
descent of the unit or presence of foreign objects in the well;

b. displacement of current-carrying conductors of the ex-
tension or main cable running to the check valve, due to poor
installation during operation;

2. Infiltration of formation or purge fluid into the motor
cavity, frontal part or outlet ends (hon-tightness of mechani-
cal seals, tightness failures in the places of current input or
flange connection motor - waterproofing), due to vibration or
atmospheric precipitation during installation;

3. Motor overheating due to violation of the cooling
mode [4, 5].

The considered reasons of failure of electric motor of sub-
mersible pumps are connected mainly with its overheating.
Insufficient pump cooling occurs when a small diameter pump
is installed in a well with too large a diameter or, even worse,
in an open well. [6] When the well diameter is slightly larger
than the pump, the water cools the motor housing, protecting it
from overheating. It is recommended that the difference be-
tween the internal diameter of the borehole and the diameter of
the pump should be at least 4 mm and not more than 100 mm.
In addition, very often borehole pumps are used to supply
water from tanks, cisterns or open ponds, where the use of
cooling covers is mandatory. Cooling covers for submersible
pumps allow a part of the pumped liquid or external liquid to
circulate around the stator housing of the electric motor. In
doing so, excess heat is absorbed by forced convection,
providing effective cooling of the pump. They provide addi-
tional cooling of the motor when the pumped liquid is warm or
the pumps have to run continuously. During the operation of a
borehole pump, its service life is directly dependent on the
cooling of the motor. Therefore, it is very important for the
operation of a downhole pump to provide the necessary tem-
perature and rational speed of the turbulent vortex fluid flow
along the electric motor of the submersible pump [7].

2. Materials and methods

In practice, the surface temperature of some modern
pump motors can reach 90°C (194°F). At elevated tempera-
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tures, many materials begin to char and become conductive.
All materials become brittle from prolonged exposure to
elevated temperatures long before charring, easily break
down and lose their insulating properties. This process is
called thermal ageing. [8,9,10]

In most modern designs of submersible pumps their water
intake part is located above the electric motor. This technical
solution ensures high pump performance, but under some
conditions (installation of a narrow pump in a well with too
large a diameter) it can lead to overheating of the electric
motor.

When the electric motor is located above the water intake
part of the pump, the entire pump unit is mounted in a casing
so that the flowing water cools the electric motor. This solu-
tion leads to a reduction of the impeller diameter, which in
turn reduces the pump performance.

Increase of productivity can be achieved in a similar way
by increasing the speed of rotation of the motor, but increas-
ing the speed of rotation of the electric motor will require an
increase in the frequency of the power supply network more
than 50 Hz, which in turn does not allow to develop the
speed of rotation of the motor more than 3000 min-1. There-
fore, today the task of eliminating the processes of overheat-
ing of submersible pump motors is urgent and in demand.
[11] The set task is achieved by the fact that a cooling casing
is installed on the upper part of the suction pipe of a sub-
mersible pump. When entering the device, the liquid passes
close to the motor part, thus increasing the speed of the lig-
uid flow entering the pump, improving the cooling process of
the electric motor (Figure 1).

Figure 1. Schematic diagram of the pump unit cooling jacket:
1-pump; 2-cooling jacket

It is recommended to install cooling hoods when the
cooling of the electric motor is insufficient [12]. This in-
creases the life of the motor. Cooling covers are recommend-
ed when:

- the borehole pump is subjected to high thermal loads
due to e.g. asymmetrical current consumption, dry running,
overloads, high ambient temperatures and poor cooling;

- the pump is pumping corrosive liquids, as the corrosion
rate doubles when the temperature rises by 10°C.

3. Results and discussion

Figure 2 shows the general view of the process well and
the principle of operation of the cooling shroud in wells. The
device consists of an electric submersible pump unit (1),
cooling shroud (2), suction pipe of the submersible electric
pump (3), casing (4), process well (5), fluid bed (6), motor
part of the submersible pump (7) and fluid flow (8). The
cooling shroud is attached to the top of the suction pipe, with
its length exceeding the length of the pump unit motor by 20-
50 cm. A gap of 20-30 mm in diameter is left between the
pump unit and the end of the blind pipe.
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It is recommended to use a cooling jacket made of PVC
material, as this type of material is low cost and lightweight
compared to a stainless-steel sheet construction, making it
more cost effective.

By using a suction cooling shroud, the motor operates at
a reduced temperature and does not overheat during continu-
ous operation. During pump shutdowns, the cooling jacket
absorbs residual heat from the motor, thus preventing ther-
mal effects. This prolongs the intervals between the neces-
sary cleaning of the well from mineral crust.

=

Figure 2. General view of the process well: a - scheme of in-
stallation of downhole submersible pump; b - principle of opera-
tion of submersible pump with cooling casing

Danger of localised heating of the pump motor, especial-
ly in horizontal pump installations and where several units
are located close to each other. In such cases, cooling hoods
should always be used on the suction side.

Examples of options for installing cooling covers on
submersible pumps installed in open water bodies, cisterns,
tanks, wells and boreholes with inlets above the suction in-
lets, where cooling of the submersible pump motor is only
provided by free convection, are shown in Figure 3.
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Figure 3. Examples of installation of the cooling jacket for: a)
Horizontal installation of the pump; b) Vertical installation of the
pump: 1-electric motor; 2- cooling jacket; 3-pump

If the flow velocity of the pump motor is less than that
specified in the equipment data sheet, the use of cooling
covers is mandatory.

The following formula is used to calculate the cooling
rate [13]:

353-Q
Ve 7
D™ —d® [ms],
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Q- flow rate (minimum pump capacity is required for
calculation), m¥h;

D - nominal diameter of the well, mm;

d - nominal diameter of the electric motor, mm.

At carrying out mathematical calculations and experi-
mental works we have chosen 2 types of technological wells
(well diameter Dsk =159 mm and Dsk =195 mm), 2 types of
submersible pumps (USK408/42 pump motor diameter Ddv
=93 mm and URN 6 25/14 pump motor diameter Ddv =145
mm). As they are frequently used types of equipment at in-
dustrial enterprises. The results of the performed calculations
are given in Table 1.

Table 1. Rational casing diameters for submersible pumps

Flow Well Pump Suggested Flow cooling
rate = diameters motor diameters of velacities of
Q, Dsk,mm | diameters cooling hoods, motors,m/s
m%h Ddv,mm mm
8 159 93 113 0.6
123 0.43
133 0.31
143 0.23
159 0.19
25 195 145 165 1.42
170 1.12
175 0.91
180 0.77
185 0.66
195 0.51
L 07
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Available diameters of the cooling casing, mm

140 145

Figure 4. Dependence of change of flow cooling velocities on
internal diameters of cooling casings. (well diameter Dsk =159
mm, pump motor diameter Ddv =93 mm)

The velocity of the liquid flow around the electric motor
should be in the range from 0.15 to 3 m/s to ensure optimum
operating conditions for the pump.

On the basis of the obtained data, studies were carried out
by modelling the hydrodynamic processes during the opera-
tion of the submersible pump and the cooling shroud using
the KOMPAS software package (Figure 6).

Experimental work to investigate the changes in the flow
cooling rate using the recommended cooling shroud was
carried out using SolidWorks software. The obtained results
are shown in Figure 7.

167 169 171 173 175 177 179

Available diameters ofthe cooling casing, mm

181 183 185

Figure 5. Dependence of flow cooling velocity variation on the
internal diameter of the cooling casing. (borehole diameter Dsk
=195 mm, pump motor diameter Ddv =145 mm)
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a) 6)

Figure 6. Submersible electric pump: a) General view of the
submersible electric pump without cooling jacket; b) Submersible
electric pump with cooling jacket: 1-electric motor; 2-pump; 3-
cooling jacket
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a)

Figure 7. Results of experimental work in SolidWorks soft-
ware

b)

I- at borehole diameter Dsk =159 mm, pump motor diam-
eter Ddv =93 mm; 1I- at borehole diameter Dsk =195 mm,
pump motor diameter Ddv =145 mm;

A) Submersible electric pump without cooling casing. B)
Submersible electric pump with a cooling casing.

Analysis of the results shown in the graphs indicates that
in order for the motor to cool normally, it is necessary to
provide a certain speed of the fluid flow around it. This ve-
locity can be achieved by means of cooling shrouds.

4, Conclusions

To establish the technical and economic efficiency of us-
ing the results of research on the application of the recom-
mended cooling device for submersible pump motors, the
following calculations were made.
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Annual power consumption of the used pumping equip-
ment without application of the recommended cooling device
of the submersible pump motor:

Whoun op = Pa - EUR - t = 7.4 - 0.85 - 8760 = 55100.4
kW -h/year;

where: P, — actual capacity of pumping equipment at
pump capacity Qcr = 8 (m%/hour);

EUR = 0.85 equipment utilization rate over time;

t = 8760 operating time of pumping equipment relative to
the billing period, hour/year;

Annual electricity consumption when using the recom-
mended cooling device for the submersible pump motor

Wprelim_ver = Pa : EUR ct = 7 : 085 : 8760 = 52122
kW -h/year;

where: EUR = 0.85 equipment utilization rate over time;

t = 8760 operating time of pumping equipment relative to
the billing period, hour/year;

P, — actual capacity of pumping equipment at pump ca-
pacity Qcr = 8 (m%/hour);

The electrical resistance of conductors increases with in-
creasing temperature and decreases with decreasing tempera-
ture. At very low temperatures, the resistance of some metals
and alloys drops to zero (superconductivity). When heated,
the vibrations of metal ions in the nodes of the metal lattice
increase, so the free space for the movement of electrons
becomes smaller. The electrons are more likely to be thrown
back, so the value of current decreases and the value of re-
sistance increases, from this we can conclude that, when the
temperature of the motor increases, the power consumption
of the submersible pumping equipment increases. [4]

Energy saving by using a cooling device for the submers-
ible pump motor

AW = Wnoun op — Wprelim,\/er = 551004 - 52122 = 29784
kW -h/year.

Calculated data and obtained performance indicators of
pumping units at application of submersible pump motor
cooling device are given in Tables 2, 3, 4, and changes of
energy efficiency of submersible pump motor cooling device
application by years of operation are shown in Figure 8.

As a result of the conducted researches, it has been estab-
lished that it is expedient and economically reasonable to
install cooling covers in case of: insufficient cooling; high
ambient temperature; pumping of aggressive liquid; sludge
(deposits on the electric motor). At the same time, the cool-
ing cover provides a longer life of the electric motor by in-
creasing the velocity of the fluid flow along the motor and
contributes to increasing the energy efficiency of the pump-
ing unit by 5-7 %.

Table 2. Capital cost per submersible pump

Ne Expenses Thousand dollars
1  Cost of the submersible pump motor cooling unit 350
2 Installation work (17%) 60
3 Delivery to (10%) 35
Total amount in dollars: 445
Total amount in tenge: 217 572

Table 3. Costs per submersible pump

Units of Per 1 submers-
measurement ible pump
Annual electricity consumption of the pumping equipment in use
Annual electricity consumption kWh/year 55100.4
Cost of 1 kWh of electricity Dollars/lkWh 450
including VAT

Name
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Cost of consumed electricity million USD/year 27.8
Annual electricity consumption by pumping equipment under the pro-
posed variant

Annual electricity consumption kW-h/year 52122
Cost of 1 kWh of electricity million Dollars/year 235
including VAT
Electricity saving million USD/year 4.3

Table 4. Calculation of cumulative cash flow and equipment
payback period

Indicators of Unit Years

economic effi- 2024 1 2025 2026 2027 2028
ciency

Operating cost = Million.MIn. = 43 43 43 43 43
variance

Depreciation and | MiIn. Dollars - 09 09 09 09

amortisation
Net profit Mn.Dollars | 43 34 34 34 34
Capital expendi- = Min. Dollars 045 00 00 0.0 0.0
ture
Net cash flow | Million Dollars 385 3.4 34 34 34

Cumulative cash | Million Dollars | 3.85
flow
Payback period

7.25 10.65 14.05 17.45

Year 2

300000
275000
250000

225000

200000

175000
S 150000
£ 125000
g = 100000
75000

50000
2024

=
=
2
S

Energyc

2025 2026

Years

2027 2028

Figure 8. Change in energy efficiency of the application of the
submersible pump motor cooler by year of operation

Cooling casing is a space formed between the body of the
cooling casing and the stator surface of the electric motor in
which there is a single-phase, turbulent, vortex motion of the
fluid flow along the electric motor with convective heat ex-
change.

It has been experimentally established that there are several
main reasons for the equipment of additional cooling jacket
(cooling shrouds): to ensure the required fluid flow velocity; to
prevent the formation of deposits of components (iron, man-
ganese, fluid salts, bacteria or minerals, etc.) in the well water
and to ensure uniform cooling of the electric motor; to reduce
the growth of corrosive activity of water by eliminating the
increase in temperature of the electric motor; to absorb heat
and prevent the thermal effect.

The results of numerical simulation and experimental work
performed to investigate the changes in the flow cooling rate
using the recommended cooling casing allowed to characterise
in detail the velocity fields around the pump unit, to identify
the features of the hydrodynamic behaviour of the system and
to establish the dependence of the change in the flow cooling
rate on the internal diameter of the cooling casing.
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Angarna. CyMeH jka0bIKTay KoHE ¢y Oypy COPFBI KaOIBIKTapHIH KapKBIHIBI MaiilaaHaThIH ©HEPKACIIT canajapblHa XKa-
Tajbl, COPFBIIAP TYTHIHATHIH 3JIEKTP SHEPIUACHIHBIH YJECi JKajumbl SHeprust TYTHIHYABIH 50% - naH acTaMblH Kypanmbl.
COHZBIKTaH CyMEH >KaOJbIKTayIblH 3HEPreTHKAIBIK THIMALIIIH apTTBIPy Moceleci, €H alIbIMEeH, COpPFBI >KaOIbIKTapblH
YTBIMIBI Naiinanany Oonbin Tadbutaael. CyacTsl COPFBI KOHIBIPFBUIAPH! )KYMBICBIHBIH TE€XHHKAJIBIK-9)KOHOMHKAJIBIK KOPCET-
KIIITEePiHIH TOMEHICYiHIH ceOenTepiHiH Oipi )KYMBIC MPOIECIH/IE KBI3BI KETYICH COPFBUTAPABIH DJICKTP KO3FAITKbIIITAPbIHBIH
iCTeH WIBIFYbl 00BN TaObLIabl. Ke3-KenreH 3JIeKTp KO3FaITKBINIBIHIA, TIMTI €H KOFaphl THIMALTIKTE 1€, KO3FalNTKBIILTAp
KBI3BIIT KETHEYi )KOHE 1CTeH LIBIKIAYbl YIIIiH, 3JEKTP SHEPTUSCHIHBIH Oip 0O6Iiri KbUIBITYFa KeTe/i, 0JapIbl CAIKBIHAATY Kepek
.YHFbIMa COpFBUIAPbIHA aPHANFaH KO3FAJITKBIIITAP, J)KEP YCTI COPFbUIApbIHAH aibIpMAalIbUIBIFBI, 0acKa TU3aliHFa M€ KOHE HKell-
JIETKIII JKOK , Oipak oylappl MaiaanaHy Ke3iHAe Jie CaJIKbIHIATy KaxeT. bipak KO3FauTKBIITHIH KaJIBINTHI CAJKbIHIAYHI YIIiH
OHBIH alHaJIaChIHJA CYMBIKTHIK aFbIHBIHBIH KaXXETT] JKbUIJAMIBIFBIH aHBIKTay KepeK. Bysl KbUIZaMABIKTHI CaJIKBIHIATKBIII
KarnTamalap/blH KeMeriMeH KaMTaMachl3 etyre 6omaapl. By Mocere acipece cyacTbl COprbUIaphl CAJIKBIHAATKBIII KarlTamMana-
PZBI KOJIAaHy KakeT OOJaThIH KOHTEHHEpIIEep/IeH, UCcLiepHalap/iaH HeMece allblK Cy KoiManapblHaH cy Oepy YIIiH makpana-
HBUIFaH Ke3Ze oTe MaHbpAbL.CyacThl COPFBIIAPBIH IIBIFAPATHIH  3ayBITTAp TEXHHUKAIBIK CHIATTaMalapia dJIEKTp
KO3FaJITKBIIIBIHBIH KOPITYCHIH CAJIKBIHIATY YINiH CYHBIKTHIKTHIH MHHHMAJIBl PYKCAT ETIITeH JKbIINaM/IBIFbIH KepeeTeai. Erep
COPFBUTAPIBIH JICKTP KO3FANTKBIIIBIHBIH aifHATY XbUIZaMABIFbl JKaOIBIKTBIH TEXHHMKAIBIK CHIIATTaMalapblHAA KepCeTis-
TeHHEH a3 0oJica, OHJa COPFbI KO3FAJITKBIIIBIHBIH allHaJaChIHAAFbl CYWBIKTHIK aFbIHBIHBIH MUHMMAJIJIBI PYKCAT €TIJreH KbLI-
JaMJIBIFBIH aHbIKTay KaxkeT. OChIFaH OaiIaHBICTBI COPFbI KO3FANTKBINIBIHBIH aifHANAChIHIAFbl CYHBIKTHIK aFbIHBIHBIH I1apa-
METpJIIEPiH 3ePTTEY JKOHE €CeNTey SICTEePIH HETi3/Iey KoHE JIaMBITy CallaJIbIK MaHbI3bl 0ap ©3€KTi FhUIBIMU )KOHE NPAKTHKAJIBIK
MiHger Oojbin TaObutanbl. COHBIMEH Karap, Ka3ipri Ke3eHJle CyacThl COPFBICHIHBIH KO3FaITKBINIBIHBIH aliHajJaChIHAaFbl
CYHBIKTBIK aFbIHBIHBIH JKbLIIAMJIBIFBIH aHBIKTAY IbIH KOJIAAHBICTAFbl 9/IICTEPl MEH €Ki 9JIiCi: ecenTeIreH-aHaIUTHKAIBIK Qop-
MyJajap MeH rpaduKaibIK-CalKbIHIATKBIII KarnTaManap/ bl KOJIaHyAbIH YThIM/IbI OaFbITTapbIHBIH IpaduKTepiH KOoJJaHa OThl-
PBIN , MTiHIUIEpAIH Maiiia OoMybIHa KO OEpMENTIH jKoHe KO3FaJTKBIIITHIH CAJIKBIHAATBUTYBIH KAMTAMachl3 €TeTiH 3JIEKTp
KO3FAJITKBIIIEI OOWBIMEH TypOyJNeHTTI KYHBIH/IBI aFbIHIBI KAMTaMachl3 €Ty MACEJNIeCiH TOJBIK IIEITy/li KaMTaMachl3 eTIeni.
MHUHEPAIIAP/IbIH ,0aKTepUsIIAp/IbIH HEMECe MeTaIap/IblH TY3UIreH merinainepinin typiepi. Makanaga SolidWorks 6armap-
JaMaJIBIK KeIIeHIH KOJIZaHa OTBIPHIN, CyacThl COPFBICHIHBIH 3JEKTP KO3FANTKBIIIBIHBIH KOPITYCHIHBIH aifHalachIHaFbl
CYHBIKTBIK aFbIHBIH MOJIENBJICYIIH KETULAIPUITeH o/ici YChIHBUIFAaH, OYJI CaKbIHAATKBIII KaTaMalapblH KYpPBUIBIMIBIK T1a-
paMeTpIiepiH Heri3/iey apKbUIbl KO3FAJITKBIIITH CANKBIHAATY MACEJNIECiH MIelyre MYMKIHZIK Oepexmi. JKYMBICTBIH MakcaThl
ANIEKTP KO3FAITKBILIBI OpaMallapblHBIH TEMIIEpaTypachl PYKcaT €TLIreH IIeKTeple OOJaThIH COPFbl KOHIBIPFbUIAPBIHBIH
KO3FAJITKBIIITAPBIH TYPAKThI CANKBIHJATY KaFlaillapblH KaMTaMachl3 eTy O0JIbIn TaObLIabl, OYJI CyacThl COPFBLIAPBIHBIH Y3aK
KbI3MET €TYiHIH Heri3ri coTi 0oJbIn Tadbuiansl. OChl MaKCaTKa JKETy YIIiH CyacThl COPFBICBIHBIH 3JIEKTP KO3FaJITKbIIIBI OOWBI-
MEH CYWBIKTBIKTHIH TYpOYJICHTTI KYWBIH/IbI aFbIHBIH MOJICIIbJICY KOHE CANKBIHIATKBIII KarnTaManap/blH KYPbUIbIMIIBIK Mapa-
METPIIEPIH 3ePTTEY SAICIH 93ipiaey MiHIETI Mmeminyae. 3epTTey 9IiCTEMECI CaHABIK MOJIENbIIEY dAICTEPiH 1€, IKCIIEPUMEHTTIK
3epTTeyNiepAl e KaMThLAbl. AJIBIHFaH HOTHIKEJIEP COPFBl KOHIBIPFBICHIHBIH aiHAIACHIHIAFbl CYHBIKTBIK KBUIIAaM/IBIFBIHBIH
epicTepiH ermkei-Terkeisll cunaTrayra, )KYHeHIH THIPOIUHAMHUKAJIBIK MiHE3-KYJIKBIHBIH EpeKIIeNiKTepiH aHBIKTayFa *KoHe
CyacThl COPFBI KOHJIBIPFBUIAPBIHBIH Y3aK JKYMBIC iCTEYiHE acep eTeTiH napaMeTpIep/i aHbIKTayFa MYMKIHIIK Oepi.

Hezizzi co30ep: agvin JHcbli0amMObIbl, CYUbIKMbIK, CYACTbL COPRICHI, INEKMP KO3ANMKbIU, 2UOPOOUHAMUKA, KYPbLILIMObL
OHMAILIAHOBIPY, HCYMBIC MUIMOLNIZL, OHIMOLIIK, YHEPSUs WUBIEbIHbL, HCHLIOAMObIK, OPICI, CYUbIKMbIK AbIHDL.

HcciienoBanue CKOPOCTHBHIX PEKMMOB MOTOKOB KUIKOCTH BOKPYT
JJIEKTPOABUraTe/Iel MOTPYKHBIX HACOCOB

J.E. Kpamcakog?, O.M. Kyp6onos?, J.LH. Atakynos®, I.K. Akanosa'”, U.H. Ctonmosckux®

23


mailto:g.akanova@satbayev.university

D. Kramsakov et al. (2025). Journal of Energy, Mechanical Engineering and Transport, 2(1), 18-24

1Satbayev University, Anmamor, Kazaxcman
2Hosocubupckuii 2ocyoapcmeennviii mexuuyeckutt ynueepcumem, Hosocubupck, Poccus
3Tocyoapemeennwiii 2opuviii uncmumym Haeou, Hasou, Yzbexucmar

*Aemop ons koppecnonoenyuu: g.akanova@satbayev.university

AHHoTanus. BonocHa0xeHne 1 BOIOOTBEICHUE OTHOCUTCS K OTPACIISIM HPOMBIIIJICHHOCTH ¢ MHTCHCUBHBIM HCIIOIb30Ba-
HHEM HacOCHOTO 00OpyIOBaHMSA, OIS AIIEKTPOIHEPTHH, TOTpedisieMol HacocaMu, cocTaBisieT Oonee 50% ot obmiero sHep-
ronotpebnenus. [ToaTomy BoIpoc MOBHILIEHNS! YHEPreTHIECKON 3P )EKTHBHOCTH BOJOCHAOKEHHUS 3aKITI0YaeTCsl, IPEeXe BCe-
0, B PallMOHAJIBHON AKCILUTyaTallui HACOCHOTO o0opynoBanus. OHOW U3 NPUYMH CHU)KEHHS TEXHUKO-YKOHOMUYECKHUX ITOKa-
3aresneil paboThl MOTPYKHBIX HACOCHBIX YCTAHOBOK SIBIISIETCS BBIXOJ M3 CTPOSI 3JIEKTPOJIBUraTeIeil HaCOCOB M3-3a Meperpesa B
npouecce padboThl. B mobom anekTpudeckoM aBHUrarene Bo Bpems paboThl axe ¢ caMbiM BbicokuM KITJ] wacth moaBoanumoit
JNIEKTPUUECKOI SHEPTUH WIET Ha HATrPEB, YTOOBI JBUIATENIN HE MIEPErPEBATHNCH M HE BBIXOAWIN U3 CTPOS UX HY>KHO OXJIaXK1aTh
JlBurarenu Ui CKBaKMHHBIX HACOCOB B OTJIMYHE OT MMOBEPXHOCTHBIX MMEIOT HHYIO KOHCTPYKIIMIO, M y HUX HET BEHTHWIIATOPA ,
HO MX BO BpPEeMsI 3KCILUTyaTalluy TOXe HeoOX0IuMO oxnaxaats. Ho it Toro, 4To0B! ABUTATENh HOPMAIBHO OXJIAXKAANCs, BO-
KPYT HETO JOJDKHA OBITH OIpeseneHa HeoOXoauMasi CKOPOCTh OTOKA YKUIAKOCTH. DTy CKOPOCTh MOXKHO OOECTIEYHTH TIPH I0-
MOIIX OXJIAXKIAOMHNX KOXKYyX0oB. OCOOEHHO aKTyaJleH 3TOT BOIIPOC, KOTJA IOTPY)KHBIE HACOCHI MCIHONB3YIOTCS IUIS MOJAdH
BOJIBI 13 EMKOCTEH, IIUCTEPH WM OTKPHITHIX BOZOEMOB, I'Ie IPUMEHEHHE OXJIAXKIAIOMINX KOXKYXOB 00513aTeNbHO. 3aBOBI IIPO-
W3BOJUTEIN TIOTPY)KHBIX HACOCOB B TEXHHYECKUX XapPaKTEPUCTHKAX YKa3bIBAIOT MUHHMAJIBHO IOIMYCTUMYIO CKOPOCTB KHIKO-
CTU JJIs1 OXJXKJEHHUA KOpIlyca 3JeKTpoAaBuraresns. Eciu ckopocTs o0TekaHus 3IeKTpOJBUraTes Il HACOCOB MEHbIIE, YeM yKa-
3aHO B TCXHUYCCKHUX XapaKTCPUCTUKAX Ha O60py}10BaHHH, TO HeO6XO[[I/IMO ONpCACIATE MUHUMAJIBHO AOIYCTUMYIO CKOPOCTH
MOTOKA JKMJIKOCTH BOKPYT JBUTaTelsl Hacoca. B 3To# cBsi3u 000CHOBaHME U pa3BUTHE METOJIOB UCCIEIOBAHHS M pacueTa Ia-
paMETpOB MOTOKA KUAKOCTU BOKPYI JBUIaTessl HACOCA, SIBIACTCS aKTyaJbHOM HAYYHOM M IIPAKTUYECKOU 3ajauei, UMEoLel
oTpacieBoe 3HaueHue. BMmecte ¢ TeM , Ha COBPEMEHHOM 3Talle CYLIECTBYIOIINE METOIBI U JIBa CIIOC00a OIPEe/IeNICHUs] CKOpO-
CTH TIOTOKA JKUJIKOCTH BOKDPYT JIBUTATEJIsI IOTPY’KHOTO HACOCA: PACUETHBII- ITPY TOMOIIM aHATUTHYECKUX GopmMys u rpaduye-
CKHH - ITPY MTOMOIIN I'pa(UKOB PAIMOHAIBHBIX 00JacTel MPUMEHEHHS OXJIAXKIAIOMINX KOXKYXOB HE 00ECIEYNBAIOT JOCTATOU-
HO TIOJTHOTO PEUICHUs 3a/1aun 00ecneyeHns TypOYIEHTHOTO BUXPEBOTO MTOTOKA BJOJb JIEKTPOIBUTATENS , MPEISTCTBYIOIIETO
00pa30BaHMUIO OTIOXKEHHH M 00ECIEYMBAIOIIETO OXJIAXKICHHE ABUTATEIS] HE3aBUCHMO OT BH/A 00pPa30BaBIIMXCS OTJIOXKEHHUH
MHHEpPAJIOB, OaKTEepUii WIM METauIoB. B craThe mpeanaraercst yCOBEpIICHCTBOBAHHAS METOAMKA MOJAEIHMPOBAHUS IOTOKA
KUJKOCTH BOKPYI KOpITyca 3JEKTPOABUTATENsl IOTPYXKHOTO HAcoca C MWCIONB30BAHMEM IPOTPAMMHOTO KOMIUIEKCa
SolidWorks, mo3Bonstomas pemmuTh 3a7ady OXJIaXICHUS ABUTATEIs ITyTeM OOOCHOBAaHUS KOHCTPYKTHBHBIX ITapaMETpOB
OXJIKAAIOIINX KOXKYXOB. Llenpto paboThl siBiIsieTcsl oOecreueHre YCIOBU YCTOWYMBOTO OXJIaX/ICHHUS IBUraTeNeii HaCOCHBIX
YCTaHOBOK, ITPU KOTOPBIX TEMIIEpATypa 00MOTOK QJICKTPOABUTATEIIA 6y;[eT HaxXoJUTCA B JONYCTUMBIX IIPEJCIaxX, YTO ABJIACTCA
OCHOBHBIM MOMEHTOM B JIOJITOBEYHOCTH pabOThI MOIPY’KHBIX HACOCOB. JIJIsl TOCTIIKEHHUS IOCTABJICHHOM LIeNn pelaeTcs 3aja-
4qa pa3pa60TKH METOAUKH MOJCIIUPOBaAHUA Typ6yHeHTHOFO BUXPEBOT'O IMOTOKA XUAKOCTHU BAOJIb JJICKTPOABUTATEIA MTOTPYK-
HOTO Hacoca U HUCCIECAO0BaHNA KOHCTPYKTHBHBLIX MapaMETPOB OXJIAXKIAIOMINX KOXKYXOB. MGTOI[I/IKa HUCCJICOAOBAaHUA BKJIO4Yalia
KaK YHMCIICHHbIE METO/bI MOJICJIIMPOBAHMS, TaK M 3KCIIEpUMEHTAJbHbIE MccieqoBaHus. [loaydeHHbIe pe3ysbTaThl MO3BOJIMIN
JIETAILHO 0XapaKTepU30BaTh MO CKOPOCTEH KUIAKOCTH BOKPYT HACOCHOTO arperara, BBIIBUTH OCOOCHHOCTH THIIPOJMHAMH-
YECKOTO TOBEJCHUSI CUCTEMBI U ONPENEINTh MTapaMeTphl, BIMAIOIINE Ha JOITOBEYHOCTh PAOOTHI MOTPYKHBIX HACOCHBIX yCTa-
HOBOK.

Knrwouegvie cnosa. ckopocmv nomoxa, sHCUOKOCHb, NOSPYACHOU HACOC, IIEKMPOOGUSaAmens, UOPOOUHAMUKA, ONMUMU3A-
yusi KOHCmpyKyuu, dghexmuenocms pabomsi, NPOU3BOOUMENLHOCHb, NOMEPU IHEPSUU, N0 CKOPOCMEl, medeHue HCUuoKo-
cmu.

Received: 08 October 2024

Accepted: 16 March 2025
Available online: 31 March 2025

24


mailto:g.akanova@satbayev.university

