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INVESTIGATION OF VELOCITY MODES
OF LIQUID FLOWS AROUND ELECTRIC
MOTORS OF SUBMERSIBLE PUMPS

Abstract. Water supply and wastewater disposal are among the industries with intensive use of pumping equipment, the share of electricity consumed by pumps is
more than 50% of the total energy consumption. One of the reasons for the decrease in technical and economic indicators of submersible pumping units is the failure of
pump motors due to overheating during their operation. In this regard, the substantiation and development of methods of research and calculation of fluid flow parameters
around the pump motor, is an urgent scientific and practical task. The aim of the work is to provide conditions of stable cooling of pump motors at which the temperature
of electric motor windings will be within permissible limits. 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 is solved.
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CyacTbl COPFBLIAPBIHBIH JIEKTP KO3FAJITKBIIITAPBIHBIH aliHATACHIHIAFbI CYHBIKTBHIK aFbIHIAPBIHBIH KBLIIAMIBIK
pexuM/epiH 3epTTey

Amnpatna. CymeH xa0/IbpIKTay )KoHe Cy Oypy COpFbI jKabIbIKTaphIH KapKbIH/IbI Maii[alaHaThlH OHEPKACIIl cajlallapblHa XKaTajibl, COPFBIIAP TYTHIHATHIH JICKTP SHEP-
THSICBIHBIH YJIECI KAl SHEPTHs TYThIHYABIH 50%-1aH acTaMbIH Kypaiiabsl. CyacTsl COPFbI KOHABIPFBIIAPHI )KYMBICHIHBIH TEXHUKAIBIK-9)KOHOMHUKAIIBIK KOPCETKIIITEPIHIH
TeMEH/ICYiHIH ceOenTepiHiH 0ipi COpPFbUIAPABIH DIEKTpP KO3FAITKbIIITAPbIHBIH KYMBIC HPOLECIH/IE KBI3BIIN KeTyiHe OallJIaHBICTBI iCTEH MIBbIFYbI 00BN Tabbl1aabl. OChiFaH
0aiiIaHBICTBI COPFBI KO3FaJITKBIIIBIHBIH aiHAIACBIH/IAFbI CYHBIKTHIK aFbIHBIHBIH TTapAMETPIIEPIiH 3ePTTEY XKIHE eCenTey SIiCTePiH HEeTi3/ey KoHe JaMbITy ©3€KTi FhUIBIMU
JKOHE MPAKTHKAIIBIK MIHJIET OOJTBITT TaObLIa Ibl. MaKcaTKa )eTy YILIiH CyacThl COPFBICBHIHBIH AJIEKTP KO3FAITKBIIIBI OOHBIMEH CYHBIKTBIKTBIH TYPOYICHTTI KYHBIHIbI aFbIHBIH
MOJIEJIB/ICY O/ICIH d3ipiiey MiHCTI IeIiIy/Ie.

Tyuinoi co30ep: ousaiinobl OyMAUIAHOBIPY, HCYMbIC MUIMOINIST, OHIMOLTIK, IHEPUA WIbIRbIHL, CYUbIKIMbIK A2bIHYL.

HccaenoBanue CKOPOCTHBIX PEKUMOB IMOTOKOB KUIKOCTH BOKPYI 3J1€KTp0}JBPlFaTeJ1€l7[ IMOrpy>KHbIX HACOCOB

AuHoTanus. BorocHatkeHne 1 BOZOOTBEJCHUE OTHOCSTCS K OTPACISIM MPOMBIIUICHHOCTH C HHTEHCHBHBIM MCIIOJIB30BAHHEM HACOCHOTO 000PYI0BAHMSI, IO JIICK-
TPOIHEPTHH, NOTpebIIsieMoi Hacocamu, coctasiser 6onee 50% ot obmero suepronoTpednenus. OQHON U3 MPHYUH CHIDKCHUS TEXHUKO-DKOHOMHYECKHX ITOKa3aTesei
paboTHI MOrPYKHBIX HACOCHBIX YCTAHOBOK SIBJISIETCS BBIXOJ M3 CTPOSI SJIEKTPOJBHUIaTENIeil HACOCOB M3-32 IIeperpesa B Iporecce nx padbotsl. B 310if cBsA3u oOocHOBaHMEe
W pa3BUTHE METOOB MCCIICIOBAHUS M pacyeTa MapaMeTpoB IMOTOKA JKHMIKOCTH BOKPYT JABUTATElNsl HACOCA SIBISCTCS aKTyalbHOH HAy4YHOM M MPAKTUYECKOW 3ajauei.
JUst OCTHIKEHHSI OCTABICHHOM LIENM PEIIaeTCsl 3a1ada pa3paboTKi METOANKH MOACIHPOBAHHS TypOyICHTHOTO BUXPEBOTO MOTOKA JKUAKOCTH BJIOJIb AIEKTPOIBUTATEIIS

MOTPY’KHOTO Hacoca.

Knroueswie cnosa: ckopocms nomoka, H#cuoKocns, HOSPYHCHOU HACOC, INEKMPOOsUamenb, CUOPOOUHAMUKA, ONMUMUZAYUS. KOHCIMPYKYUU, dphekmusnocms pabomul,

npOLlf;‘EO()lee}leOCmb, meuenue JHCUOKOCU.

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 mis-match in the oper-
ating characteristics of the equipment. To improve the efficien-
cy of pumping plants, it is necessary to reduce the operating
costs of the pumping equipment [1].

In an electric motor, during high efficiency operation, part
of the electrical power input is used for heating. Heating 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 de-
sign, 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 temperature ranges from 8-14°C,
and it is this water that will cool the motor [2]. Due to improp-
er 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, 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 velocity around the pumping unit makes it
possible to cool and operate the motors normally. In some cas-
es, the fluid flow velocity along the submersible pump motor
is not sufficient. In such cases, the liquid flow velocity can be

en-sured 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 man-datory.
Manufacturers of borehole pumps specify in the technical data
the minimum permissible liquid velocity for cooling the motor
housing. Some manufacturers also specify the maximum oper-
ating 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 submers-
ible pump units and their causes can be divided 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 (non-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.
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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 wa-
ter 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, ex-
cess heat is absorbed by forced convection, providing effective
cooling of the pump. They provide additional 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 temperature and rational speed
of the turbulent vortex fluid flow along the electric motor of
the sub-mersible pump [7].

Research methods

In practice, the surface temperature of some modern pump
motors can reach 90°C (194°F). At elevated temperatures,
many materials begin to char and become conductive. All
materials become brittle from prolonged exposure to elevat-
ed 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 con-
ditions (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 increasing
the speed of rotation of the electric motor will require an in-
crease in the frequency of the power supply network more than
50 Hz, which in turn prevents the motor speed from exceeding
3000 rpm. Therefore, today the task of eliminating the pro-
cesses of overheating 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 submersible pump. When entering the device, the liquid
passes close to the motor part, thus increasing the speed of the
liquid flow entering the pump, improving the cooling process
of the electric motor (Fig. 1.).

It is recommended to install cooling hoods when the cool-
ing of the electric motor is insufficient [12]. This increases the
life of the motor. Cooling covers are recommended when:

- the borehole pump is subjected to high thermal loads due
to e.g. asymmetrical current consumption, dry running, over-
loads, high ambient temperatures and poor cooling;
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Figure 1. Schematic diagram of the pump unit cooling
jack-et: [ — pump; 2 — cooling jacket.

Cypert 1. Coprbl KOHABIPFBICBIHBIH CAJKbIHIATKbIII
KOWJIETiHIH cxeMachl: [ — copavl, 2 — CanKbIHOamKbiuL
KOUJex.

Puc. 1. [IppHuunuanbHas cxeMa pyoaliku OXJ1a:KIeHUs
HACOCHOTO arperara: / — Hacoc, 2 — ox1axcoaroudst
pyoawka.

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

The discussion of the results

Figure 2 shows the general view of the process well and the
principle of operation of the cooling shroud in wells. The de-
vice consists of an electric submersible pump unit (7), 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 exceed-
ing 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.

It is recommended to use a cooling jacket made of PVC
material, as this type of material is low cost and lightweight

77777,

7 7
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Figure 2. General view of the process well: a — scheme of
installation of downhole submersible pump, b — principle of
operation of submersible pump with cooling casing.
Cypet 2. TexHOJIOTUSIBIK YHFBIMAHBIH KAJINbI TYPi:

a — YHRUIMA CYACMbl COPEBICHLIH OPHAMY CXEMACDL;

0 — CAnTKLIHOAMKBIU KANMAMACHL 6ap CYACHbl COPELICLIHBIY
ACYMBIC NPUHYUNI.

Puc. 2. O0muii BU TEXHOJIOTHYeCKOH CKBaKUHBbI:

a — cxema yCmaHo8KU CKBANCUHHOL0 NOSPYHCHO2O HACOCA,
0 — npuHyUn pabomvl NOSPYHCHO2O HACOCA C OXTANCOAIOUUM
KOJCYXOM.




[opHble MaIIVHbI

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 continuous
operation. During pump shutdowns, the cooling jacket absorbs
residual heat from the motor, thus preventing thermal effects.
This prolongs the intervals between the necessary cleaning of
the well from mineral crust.

Danger of localised heating of the pump motor, especially
in horizontal pump installations and where several units are lo-
cated 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 sub-
mersible pumps installed in open water bodies, cisterns, tanks,
wells and boreholes with inlets above the suction inlets, where
cooling of the submersible pump motor is only provided by
free convection, are shown in Figure 3.

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

Jjacket; 3 — pump.

Cyper 3. CaakbIHAATKbIII KYPTELIeHi OpHATY
MBICAIIAPBI: @ — COPRbIHbL KOIOEHEH OpHAmMY; O — COPRbIHbL
mik opnamy: 1 — anexmp Ko3eanmsiubl, 2 — CanKbiHOAMKbIUL
Kypme; 3 — copebl.

Puc. 3. [Ipumepbl ycTAHOBKHU PyOalIKK OXJIAMKACHUS JJIS:
a — 20pU30HMANLHOU YCMAHOBKU HACOCA, O — 6EPMUKATLHOU
yemanoeku Hacoca: 1 — anexkmpodsueamens, 2 — pybawika
oxXnadNcoenust; 3 — HAcoc.

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

The following formula is used to calculate the cooling rate:

_353Q

= _Dz—dz [m/s],

0 — flow rate (minimum pump capacity is required for cal-
culation), m¥h;

D — nominal diameter of the well, mm,;

d — nominal diameter of the electric motor, mm.

At carrying out mathematical calculations and experimental
works we have chosen 2 types of technological wells (well di-
ameter Dsk =159 mm and Dsk = 195 mm), 2 types of submers-
ible 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 industrial
enterprises. The results of the performed calculations are given
in table 1.

Table 1
Types of submersible pumps
Kecme 1
Cyacmul copeblnapuvinoly, mypiaepi
Taonuya 1
Tunwl nozpyscnsix Hacocos
Suggested
Flow Well Pump difngleters Flow cooling
rate . motor . .-
diameters | . of cooling | velocities of
Q Dsk, mm diameters hoods motors, m/s
m¥h ’ Ddv, mm ’ ’
mm
113 0,6
123 0,43
8 159 93 133 0,31
143 0,23
159 0,19
165 1,42
170 1,12
175 0,91
25 195 145
180 0,77
185 0,66
195 0,51
o7
%OB
205
go4
203
é 02

10 115 120 125 130 136 140 145
Available diameters of the cooling casing, mm

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).
Cypert 4. AFBIHHBIH CAJKBIHIATY KbLIAAM/IBIFbIHBIH
03repyiHiH CAJKBIHIATKBII KaTaMaJapAbIH ilIKi
AHaMeTpJiepiHe TIyeJAIiri (YHFbIMAHBIH AHAMeTPi
Bcek = 159 MM, COPFBIHBIH 3JIEKTP KO3FAJITKbIIIBIHBIH
auametpi Bas = 93 mm).

Puc. 4. 3aBucuMocTh H3MEHEHHS CKOPOCTEH OXJIAMK/IeHHUS
NMOTOKA OT BHYTPEHHHX IHAMETPOB OXJIAKIAI0IMINX
KO’KYyXOB (AnameTtp ckBaskuHbl Dck = 159 MM, tuamerp
3JIeKTpoABUraTe/isi Hacoca Das = 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).
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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).

Cypert 5. AFBIHHBIH CAJKBIHIATY KbLIaM/IbIFbIHBIH
03repyiHiH CAJKbIHIATKBII KOPIYCTHIH IMIKi
AUAMETPiHe TIYyeJAiJIiri (YHFbIMA OKINAHBIHBIH AHAMETPi
Bcek = 195 MM, coprbl KO3FAJITKBIIIBIHBIH AHAMETPI
Bces = 145 mm).

Puc. 5. 3aBucuMocTh U3MEHEHUS] CKOPOCTH OXJIAKIeHUS
MOTOKA OT BHYTPEHHEr0 IMAMeTPa OXJIAKAAI0IIEro
KOKyXa (IMaMeTp CTB0JIa CKBa:KMHbI Dck = 195 mm,
AuaMeTp ABurareis Hacoca Das = 145 mm).

a) b)

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.

Cypet 6. CyacTbl 2JIEKTP COPFBICHI: d — CAIKbIHOAMKbILU
Jrcelioecis cyacmul SNeKmp COPEbICLIHBIH HCANbL KOPIHICI; 6 —
CanKbIHOamKbIWL Hcetloeci bap cyacmul 3neKmp copavicol: | —
2IeKMp KO32aNMKbLUUbL, 2 — COpabl, 3 — CANKbIHOAMKbIU dHcelloe.
Puc. 6. [lorpy:xHoii 3JIeKTpOHACOC: a — 0OwUll 8110
NOZPYIACHO20 INIEKMPOHACOca 0e3 pYyOauKU OXAaHCOCHUS,
0 — NOSPYHCHOIU INEKMPOHACOC C PYOAUKOU OXLAHCOCHUSL:
1 — sanexmpoosueamens, 2 — nacoc, 3 — pybawxa
OX71AACOCHUSL.

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

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 velocity can be
achieved by means of cooling shrouds.

Conclusion
To establish the technical and economic efficiency of using
the results of research on the application of the recommended
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a) b)

I — at borehole diameter Dsk = 159 mm, pump motor
diameter Ddv = 93 mm, Il — 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

Figure 7. Results of experimental work in SolidWorks
software.

Cypert 7. SolidWorks 6arnapiaaMabIK
JKACaKTAMAaCBhIH/IAFbI IKCIEPUMEHTTIK KYMbICTAPIbIH
HOTH:KeJIepi.

Puc. 7. Pe3ynbTaThl 3KCNIEPUMEHTATBHOI PadoThI
B nporpamme SolidWorks.

cooling device for submersible pump motors, the following
calculations were made.

Annual power consumption of the used pumping equip-
ment without application of the recommended cooling device
of the submersible pump motor:

Wn =P,-EUR-t=7,4+0,85-8760=
=55100,4 kW-h/year,

oun op

where:

P, — actual capacity of pumping equipment at pump capac-
ity 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:




[opHble MaIIVHbI

/4

retimver = Po* EUR ~t =7+ 0,85 - 8760 = 52122 kW-h/year,

where:

P, — actual capacity of pumping equipment at pump capac-
ity 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.

The electrical resistance of conductors increases with
in-creasing temperature and decreases with decreasing tem-
perature. 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 elec-
trons becomes smaller. The electrons are more likely to be
thrown back, so the value of current decreases and the value
of resistance increases, from this we can conclude that, when
the temperature of the motor increases, the power consump-
tion of the submersible pumping equipment increases [4].

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

AW =W o= Woretimrer = 55100,4 — 52122 =
= 2978,4 kW-h/year.

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

Table 2
Capital cost per submersible pump
Kecme 2
Cyacmul copebicbinblH, Kypoeni uibl2blHoapbl
Tabauua 2
Kanumanvhuie 3ampamuol Ha nozpyxcHoit nacoc

Expenses Thousand dollars
Cost of the subm'ersiblt.: pump motor 350
cooling unit
Installation work (17%) 60
Delivery to (10%) 35
Total amount in dollars: 445
Total amount in tenge: 217 572

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 3
Costs per submersible pump
Kecme 3
Bip cyacmul copzuicvinblly Kynbl
Tabnuua 3
3ampamul Ha 00UH NOZPYIHCHOU HACOC
. Per 1
Name Units of submersible
measurement
pump
Annual electricity consumption of the pumping equipment
in use
Annual elect.r1c1ty KWhiyear 55100.4
consumption
Cost of 1 kWh of electricity
including VAT Dollars/kWh 450
Cost of consumed electricity mﬂh;):aESD/ 27,8

Annual electricity consumption by pumping equipment
under the proposed variant

Annual elect.ricity KW-h/year 52122
consumption
Cost of 1 kWh of electricity million 235
including VAT Dollars/year ’
Electricity saving million USD/ 4,3
year
Table 4
Calculation of cumulative cash flow and equipment
payback period
Kecme 4

Kymynamuemix aKua azvtHbiH ycoHe H#cadObIKMbIH Omerny
Mep3imin ecenmey
Taonuua 4
Pacuem KymynamueHozo 0eHeicHo20 NOMOKa U CPpoKa
oKynaemocmu 000py008aHus

Indicators Years
of economic Unit
efficiency 2024 | 2025 | 2026 | 2027 | 2028
Operating | Mln. | 513 | 45| 43 | 43
cost variance | Dollars
Depreciation
and amortisa- | M™% |~ | 09 | 09 | 09 | 09
. Dollars
tion
Min.
Net profit Dollars 43 34 | 34 34 | 3,4
Capital Min.
expenditure | Dollars 0.451 0,0 100100 ) 00
Net cash flow Min. 385 34 | 3,4 34 | 34
Dollars
Cumulative Min.
cash flow Dollars 3,85 | 7,25 |10,65|14,05|17,45
Payl?ack Year 2
period
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Figure 8. Change in energy efficiency of the application of
the submersible pump motor cooler by year of operation.
Cyper 8. Ilalinanany *bliagapbl 60HbIHIIA
CYaCThbI COPFBICHIHBIH 31EKTP KO3FAJITKbIIIBIHBIH
CAJIKBIHAATKBIIBIH KOJAAHYIbIH JHePrus THIMAIIIriH
e3repry.

Puc. 8. U3meHneHue 3HeprodppeKTHBHOCTH NPUMEHEHHU S
OXJIAIUTEJISI 3JIeKTPOABUIaTe Isl HOTrPYKHOT0 HACOCA IO
roJ1aM IKCILTyaTaliH.

Cooling casing is a space formed between the body of the cool-
ing casing and the stator surface of the electric motor in which
there is a singlephase, turbulent, vortex motion of the fluid flow
along the electric motor with convective heat exchange.

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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