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PROTECTION OF CENTRIFUGAL PUMPS FROM ABRASIVE
WEAR USING A VACUUM HYDROCYCLONE

Abstract. The design features of the existing design and technology for the protection of downhole pumps of the
ECV type from abrasive wear during operation are considered and analyzed. Based on the analysis, a new method for
capturing solid impurities on the suction line of a borehole pump of the ECV type using a pressure-vacuum
hydrocyclone is proposed.

It is specified that at field tests of a prototype of new installation technological process is estimated on the
pressure-expense characteristic and technological-operational indicators according to requirements of GOST 6134-81
" pumps dynamic. Test method. " In this case, the flow rate of the base pump on water is determined by means of a
turbine water meter mounted on a water-lifting pipe with a valve. The performance of the hydraulic elevator is
established by the volumetric method, and the head in front of the valve of the pump pressure pipe using an approximate
pressure gauge.

It is established that the flow-pressure characteristics of the base submersible pump ECV are provided in full
(water flow 60-70 m3/h, head - 110-118 m), overload on the electric motor is not detected (ammeter readings are within
the permissible limits-68-71 amperes), the degree of water purification is 95-96%.

It is noted that the implementation of a flexible packer device with slots and the presence on the surface of the
second minihydrocyclone-thickener significantly improves the functioning of the adopted scheme of water treatment.
It turned out that with this technology, the overload of the pump motor is reduced by cooling with water without
mechanical impurities.

Keywords: well, sanding, submersible pump, abrasive wear, vacuum hydrocyclone, test, degree of purification

Introduction. The relevance of the topic under consideration is that in most operated water wells on a
global scale, depending on the state of the annulus, sanding of various degrees often takes place [1-5].

For example, in Kazakhstan at present about 60% of wells of municipal services work in the sand mode.
This is due to the violation of the interaction mode of the system "well-pump" in use, the decrease in the
efficiency of the filter and for other reasons of a hydrogeological nature. Therefore, in some wells, especially
those located in the desert and semi-desert zones of the Republic, the content of solid particles can exceed
the norm of solid particles for centrifugal pumps (less than 0.05 g/l) by 3-5 times [6-8].

As a result, sanding occurs intensive wear of the working elements of the used pump type ECV (figu-
re 1) and their failure before the service life. Reduces the overhaul period of the well. Restoration of the
base pump requires a lot of costs, because overhaul of the pump type ECB costs 70-80% of its base cost.
Untimely provision of settlements with drinking water due to the pump stop prevents the solution of a social
problem of great importance.
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Figure 1 — Types of wear of impellers (a) and submersible pump bushings (b)

One of the effective solutions to this problem is to supply the submersible pump with a hydrocyclone
receiving chamber (separator) for separating sand from water in the well [6-9]. The captured Sands are
usually not left in the well, but are brought to the surface with the help of ejecting devices bypassing the
working bodies of the pump.

In work [6] methodical instructions on maintenance of normal operation of borehole submersible
pumps that can reduce level of sanding and abrasion of a surface of impellers of the pump by mechanical
impurity are stated.

The main advantage of the LAKOS(R) separator, as in other devices of similar action, is to prevent the
possibility of abrasion of the surfaces of the impellers and bearings of the submersible pump [7]. However,
the presence of it leads to a loss of pressure from 2 to 7 pounds per square inch. The maximum particle size
is 1/4". According to the authors of this work, after installation, the separators do not require daily
maintenance.

The technical result of the invention described in [8] is achieved by the fact that in a downhole
pumping unit, the chamber for collecting mechanical impurities of the hydrocyclone and the ejector are
made together in one volume along the flow of the liquid, and the hydrocyclone is located with the cone
part upwards.

The technical solution according to model No. 108104 [9] is aimed at increasing the efficiency of
separation of mechanical impurities by reducing hydraulic head losses in the flow part of the separating unit.
The dependences of the separator performance characteristics on the granulometric composition of
mechanical impurities contained in the extracted fluid are revealed.

In studies conducted in LLC "PC "Borets" (Russia), it was found that the developed design of the
separator with hydrocyclone separation of mechanical impurities with a density of 2000 mg/l provides
cleaning efficiency in the range of 95-97% [10]. It differs from others in the absence of rotating parts.

The hydrocyclone separator described in [11,12] differs from the existing ones in that it has an inner
diameter, which decreases as the fluid moves along the inner perimeter of the hydrocyclone. The design
includes a pressure reducing device located near the inlet end of the discharge pipe to facilitate the movement
of solid particles through the discharge pipe.

In General, the analysis of the above technical solutions and other submersible pumps with
hydrocyclone separators used in practice shows the effectiveness of this technology for protecting the base
pumps from abrasive wear.

Hydrocyclone method of fight against wear is justified also at water purification from mechanical
impurity in systems of renewable energy sources, in particular at improvement of the technological scheme
of mini hydroelectric power station [13-15].

However, further improvements are still required, taking into account the wide variety of construc-tion
and operation of water wells.

Based on this, we set the task of improving the action of the packer device for separating the hydro-
cyclone from the pump during its operation. This is necessary to force water with mechanical impurities
into the hydrocyclone device and prevent sand from entering directly into the submersible pump. Another
task was to obtain the maximum thickening of the ejected pulp after cleaning on the surface by additional
installation of a minihydrocyclone. This significantly reduces the loss of water when the condensed mass is
ejected into the dump.
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Description of the essence of development and testing methods. The essence of the developed water
intake technology, designed to improve the performance of a submersible pump with a hydro-cyclone-
seperator, is as follows [16-18].

The unit, unlike the existing ones, on the suction line is equipped with a vacuum hydrocyclone Hc with
a packer device Pp in the form of an elastic cuff (figure 2). Next to the submersible pump Ps, lowered into
the well W1, there is a pulp suction pipe Pt, hydraulically connected to the hydraulic Elevator He, located at
the pump outlet.

— purified water

Figure 2 — A structural diagram (a) and the prototype pump of the ECW is provided with a vacuum hydrocyclone

Principle of operation. When starting the pump Ps liquid with mechanical impurities enters through
the holes in the hydrocyclone Hc, because the wellbore W1 blocked packer device Pp. In the hydro-cyclone,
the absorbed liquid, due to the strong rotational movement, is divided into liquid and solid phases. Solid
particles are thrown to the top of the cone and accumulate in the condensation chamber.

The clarified part of the water through the drain neck of the hydrocyclone is sucked off by a sub-
mersible pump and fed to the surface to the consumer. In this case, a small part of the water, seeping through
the slots of the flexible cuff, keeps it in a balanced state.

The condensed mass from the chamber is ejected through the pulp suction pipe Pt by the hydro-elevator
He to the surface, bypassing the working bodies of the pump. On the surface of the pulp enters minimization
and undergoes a secondary treatment.

To conduct the test, the base submersible pump installed in the well was first pulled out of the well.
Then a hydrocyclone chamber and a hydraulic Elevator were connected to the pump. The finished instal-
lation with the help of a crane was lowered back into the well to a depth of 25-30 m and the water-lifting
pipe was rigidly fixed with a special clamp on the head. The upper end of the water-lifting pipe was directed
to the discharge tray for water removal, and the pulp-removing hose was directed to the mini-hydrocyclone.
The static water level in the well was 3-4 m, and the dynamic decrease ranged from 10-13 m.

In order to more accurately determine the head at nominal supply, the analytical characteristic of the
pump for the working section of the characteristic was calculated by the method of least squares.

During field tests of the plant, the technological process was evaluated by the pressure-flow
characteristics and technological-operational indicators. The timing of the working time of the shift was
considered by lifting (extraction) of the operated pump unit to the surface, assembling and mounting the
hydrocyclone with a hydraulic Elevator, installing the unit in the well, starting the pump and pumping out
the pulp.

The tests were carried out in accordance with the requirements of GOST 6134-81 "dynamic Pumps.
Test method.".
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The flow rate of the base pump on water was determined by means of a turbine water meter mounted
on a water-lifting pipe with a valve. The performance of the hydraulic Elevator on the pulp was set by the
volumetric method, and the head before the valve of the pressure pipe of the pump with the help of an
exemplary pressure gauge. The characteristic of the installation was removed during crane operation.

Test results and discussion. The purpose of the test is to clarify the pressure-flow characteristics of
the submersible pump ECV10-65-110 when supplying it with a hydrocyclone and determine the degree of
water purification.

The geometrical parameters of the unit with a hanging hydrocyclone and a cuff were as follows: the
diameter of the cylindrical part of the hydrocyclone chamber was 300 mm (the diameter of the elastic cuff
was taken on the basis of the inner diameter of the well), the diameters of the drain pipe and the sand hole
were 240 mm and 50 mm. The dimensions of the last variant — 30x220 mm. the Specified parameters of the
hydrocyclone apparatus were determined according to the method of calculation of centrifugal action units,
based on the features of their application [19,20].

The results of the acceptance test in conjunction with the operated facility are shown in table 1.

Table 1 — Results of acceptance test of the pump with a hydrocyclone

Pressure at the outlet of the well (before the valve), NN, m 121,0 118,0 115,0 110,0 95,0
Flow rate of the base pump ECV10-65-110, Q, m3 / h 55,0 60,0 65,0 70,0 75,0
Water flow through the mini-Elevator, q, 1/ s 0,60 0,55 0,50 0,45 0,40
The degree of purification of water (by pump),C,% 95,0 96,0 96,0 95,0 96,0

As can be seen from table 1, the developed installation fully corresponds to the initial parameters for
raising water from sand wells. The achieved degree of water purification allows to preserve the passport
service life and to carry out preliminary cleaning of the well from mechanical impurities.

Analysis of the composition of the removed part of the sand deposits shows that the degree of capture
of mechanical impurities using hydrocyclone-thickener at the required level. The flow of water through
minihydropower equal to 0,45-0,65 1/s.

After operation for 5500 hours and external inspection and removal of some basic parameters
submersible pump with hydrocyclone was re-lowered into the well with the help of a crane for further testing
and testing of the process of raising water from the sand wells.

At the same time, in order to more accurately determine the head H at the nominal supply Q, the
analytical characteristic of the pump for the working section of the operating mode by the method of least
squares was calculated, which was equal to:

H=97,83+5524*%0-0275] *Q/2 (1)

Computing deviation values of the pressure of Hwic from experienced Had was calculated by the
formula:

Ho = (Hwic - Had ) / Had * 100% 2)

The calculated pressure of the pump made:

1) with a minimum feed (13.48 I/s) - 121.24 m;

2) at nominal feed (18.63 1/s) - 106.18 m;

3) at maximum feed (22.25 1/s) - 90.41 m.

The achieved values of deviations within the permissible limits (2-3,5%) indicates a high accuracy of
measurements during the test of the pump.

The second stage of tests was carried out on the rise oversanded water with a significant concen-tration
of sand (1.23-1.30 m>/t), ie, in the mode of cleaning the well with the help of the basic pump.

The technological process was worked out using the installation on the basis of the pump ECV
10-160-35G with the following main dimensions: the diameter of the cylindrical part of the hydrocyclone
245mm, the diameters of the drain pipe and the sand hole, respectively, 165mm and 36 mm. the Total height
of the hydrocyclone was 610mm. The test results are shown in table 2.

As can be seen from the table, the presence of a hydrocyclone does not lead to a special deviation of
the parameters of the base pump and they vary within acceptable limits.

— 9 —
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Table 2 — Test results of the installation for raising water from sand wells on the basis of the pump ECV 10-63-110G

The time of filing water, | Pressure gauge reading, Pump flow, Q, The pump head,
T,s R,m /s H, m Note
0 138 0,00 138,45 The valve is closed

94,2 129 9,59 130,02

69,5 121 13,28 120,88

57,6 108 18,05 109,00

57,6 108 18,26 108,25

52,5 99,8 19,32 100,02

45,1 91 20,27 91,05

42,5 79 21,95 80,10

39,6 67 23,41 68,25 The valve is open
39,9 67 23,25 68,26

41,6 73 21,42 74,10

43,4 83 21,00 84,11

47,1 92 19,17 93,12

51,7 103 17,25 104,23

62,0 113 14,62 114,25

79,1 122 12,52 123,80

135,1 133 7,55 134,75

0 138 0,00 138,15 The valve is closed

It was found that the performance of the minihydroelevator on the ground varies within
0.75...1.08 m*/h. the Volume concentration of the raised pulp (14.3...15.0 %) is within the permissible limits
for transportation, which allowed to ensure uninterrupted supply of the mixture to the surface. This once
again confirms the need for a hydrocyclone-thickener (figure 3).

Figure 3 — The types of the end walls of the well with minimization — thickener (a) and work well with purified water (b)

The continuity of pulp transportation, which is associated with the unhindered suction of solid partic-
les from the mouth of the hydrocyclone, contributed to an increase in the degree of water purification on the
suction line of the pump. Due to this, only dusty Sands with dimensions of 0.005...0.05 mm, having the least
abrasiveness, pass through the working body of the pump. The main components and parts of the pump unit
are practically not subjected to mechanical wear.

Increasing the pressure head after the displacement chamber of the minihydroelevator is achieved by
overlapping the water-lifting pipe of the pump with the help of a valve. Then the flow rate of the base pump
for clean water is reduced by the volume of pulp transported through the sand hole of the minihydroelevator
(5.5...6.0 m’/h). Reduction of the pump flow rate on water during cleaning does not affect the mode of
10
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pumping groundwater from wells, because it is short-term and is restored after the completion of cleaning
works.

During the tests, it was found that there is also a decrease in the overload of the motor. The specific
consumption of electricity per 1 m® of water ranged from 0.11 ... 0.12 kW/m?, which does not exceed the
indicator of the pump unit without a hydrocyclone.

No less important point is also the fact that the additional supply of pumping units with hydro-cyclones
does not prevent their connection to the scheme of contactless automatic control of the PUMP.

The granulometric composition of the sand deposits brought to the surface by the hydraulic Elevator
from the well consists of medium-grained (31.2 %) and coarse-grained (48.6 %) Sands.

During the testing period, due to the improvement of working conditions (protection against mecha-
nical impurities, removal of overload of the electric motor), there was an improvement in the operation of
submersible pumps.

During operation, the base pump was not subjected to noticeable overload, because it operates on
purified water. Readings of the ammeter and voltmeter corresponded to the nominal values of the motor
current and operating voltage specified in the passport.

It turned out that during the cleaning of the well, the installation can be serviced by two people — the
operator and the driver of the crane. After cleaning, the unit is operated as a submersible water lifting unit.

Experiments in production conditions generally confirmed the possibility and feasibility of using
submersible water-lifting pumps of the ECV type. The economic effect of the use of a new submersible
pump unit with a hydrocyclone is achieved by reducing operating costs and increasing the service life of the
pump while maintaining its quality characteristics (annual operating time, durability, etc.).
Commercialization of the project results at this stage is carried out by the developers and Technopark.

Conclusion:

1. Flow and pressure characteristics of the basic submersible pump ECV provided in full (the water
flow rate is 60-70 m*/h, head — 110-118 M.);

2. Overload on the electric motor is not detected (ammeter readings are within the permissible limits -
68-71 amperes);

3. The degree of water purification is 95-96%. Undetectable parts in the form of clay particles (less
than 50.0 microns) do not cause abrasive wear of pump elements;

4. The presence of a rubber packer on the cylindrical part of the hydrocyclone allows to reduce vibration
especially at the time of starting the submersible pump in operation.

5.The pump head in the entire working area of the pump corresponds to GOST 10428-89E "downhole
electric pump Units for water".

K. K. Kaceimoexos!, O. B. Atamanosa?, K. K. Anumosa', I'. 7K. Kacbim0exos®

ICorGaes Yuusepcureti (K. Y. CorGaeB aTeinmars: Ka3ak WITTBIK TEXHUKAIBIK 3€PTTEY YHUBEPCHUTETI),
Anmatsl, Kazakcras;
210. A. I'arapun atsiHgarsl CapaToB MEMIIEKETTIK TEXHMKAJIBIK yHUBEpcHTeTi, Capatos, Poccus;
3«Kasrugpo» JKIIC, Anmarsl, Kasakcran

BAKYYMJBIK THAPOLIMKJIOH KOMETIMEH OPTAJIAH TENKIII
COPAINTHI ABPA3BUBTI KAXKAJIYJAH CAKTAY

Annoranus. Makanana OLIB Tuntec yHFIMa copanTapblH aOpa3suBTI KaKalyJaH CaKTayIblH OENTial Kypbul-
FBUIAPBI MEH TEXHOJIOTHSLIAPBIHBIH KYPBUIBIMABIK €PEeKIICTIKTEP] KAPACThIPbUIBII, TAJIAAHFAH.

Mynnaii xargaitra 6actel ceben — Kasakcran PecryOnmkachiHBIH CyMeH jXaOIbIKTay HBICAHAAPBIHAA KBLI
caifblH Cy YHFBIMalapbIHBIH KyMIaHYbIHa OaillaHBICTHI, OHIA opHaThuraH OLIB-6 xome DLIB-8 mapxkanbr copar-
tapapiH 40-50%-Ha neifiH iCTeH MIbIFalbl, all OJApAbIH 4 MbIHFa JKYBIFbI JKaHAIAPbIHA AYbICTBIPHLIA/IbI KOHE OCHI
1amajia xeHzaeyre Oepinesi. By3burFraH YHFBIMAHBI J)KOHE Cy KOTEPETiH KOHIBIPFbUIAP/bI KAIIBIHA KENTIpY aca Kerl
HIBIFBIHAAPARI Tajan ereai. Meicansl, DB TunTi yHFbIMa cOpaObIH KYpAETi >KOHICYICH OTKEpPY OHBIH 0a3alibiK
KyHBIHBIH 70-80%-BIH Kypaibl.

Ocpl TaJTIayNapablH HETi31He BaKyyMIbl THIPOIMKIOH B KOJIIaHa OThIpEIN, DI[B TunTec YHFRIMAIBIK copat-
TBHIH COPY JKEJICIH/IE KaTThI KOCTIaJap bl YCTAIl KaTyAbIH )KaHa d/Iici YCHIHBLIFaH.

JKana KOHABIPFBIHBIH TXIpHUOETIK YJITICIH OHIIPICTIK JKarjaia ChlHAy Ke3iHIe TEXHOJOTHSIIBIK MPOLECTIH
TEreypiHi koHe Cy Oepy MYMKIHIIKTEpi, TEXHOJIOTHAIIBIK KOHE Maiaanany KepceTKimrepi kenripinreH xxoHe ['OCT
6134-81 «AmHamukanblk copantap. ChIHAK omicTepi» TamanTapbeiHa colikec OaramanraH. Ochl jKarmaiima 0a3aibIK
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COPAITHIH Cy LIBIFBIHBI TYPOMHAIBI Cy €CEeNTeTIIITIH KOMEriMeH ecentenreH. ] uupoaeBaTopbH KOHBIPTIAK KOTepy
OHIMJILIITI KOJIEM/IIK aHBIKTAY 9/1iCIMEH, aJl KbIChIM — CHIHAKTaH OTKEH MAaHOMETP KOMETIMEH aHBIKTaJIFaH.

ChIHAKTaH ©TKEPY HOTIIKECIH IE 0a3aIbIK COPAITHIH aFbIH Bl — KbICHIM CHUITATTAMAaJIaPhl TOJIBIK CAKTAIaThIH-BIFbI
(cy erimi 60-70 m3/car, Tereypin 110-118 M apaibIFbiHIa), SJIEKTP KO3FAITKBIIBIHA apTHIK KYKTEME OoJMaii-
TBIHABIFB! (AaMIIEPMETP KOPCETKIIITEPI pyKcaT eTuireH quanasonaa 68-71) ammep), cyabl Ta3apty aeHreiti  95-96%
KYpaWTBhIHBI aHbIKTamFaH. Copam KO3FAITKBIIBIHBIH IIAMAaJaH THIC XYKTEMECIH a3aiiTy HETi3iHeH OHBIH HETI3ri
OeIKTepiH MEXaHUKAJIBIK KOCIIACHI3 CYMEH CalIKbIHJATyFa OalIaHbICTBI CKCHIIIT1 KOPCETLITCH.

Canpinay OEKiTeTiH MmakepIiH Mala TeCIKTepMEH KacaTFaHbl )KOHE JKOFAPFBI )KaKTa CKiHIII MIUHUATHPOIMKIIOH
TOPI3/Ii KOIOJIATKBIIITHIH KOCHIMIIIA OPHATBUTYBI CY Ta3apTy CYJIOACHIHBIH JKYMBICHIH €9Yip KaKCAPTKAH.

OHpipic >KaFJalbIHIAFbl CHIHAK HOTIDKENEpi, HeTi3iHeH, THAPOIUKIOHAR KaObliiay KaMmepachIMEH >KaOJbIK-
tasiran DB TumnTeri copantapablH )KYMbIC CUIIATTAMATAPBIHBIH JKaKCAPAThIHIBIFBIH PACTANIbI.

7KaHa copan KOHIBIPFRICEIHBIH SKOHOMHUKAIBIK THIMALTITIHE, TalaTaHy MIBIFRIHIAPBIH a3aiTy )KOHE COPAIITHIH
caraiblK CUMaTTamanapbld (KbUIIBIK )KYMBIC YaKbIThI, Y3aKThUIBIFbI )KOHE T.0.) caKTay »arJailbIHa, OHbIH KbI3MET
€Ty Mep3iMiH apTTBIPY apKbUIbI KOJI JKETKi31Ie 1.

Tyiiin ce3mep: yHFbIMa,KYMAaHY,VHFbIMa COpaObl, aOpa3suBTI Kaxkaly, BaKyyMJIbl THIAPOIMKIOH, ChIHAKTAH
OTKepy, Ta3ajay JACHICHi.

K. K. KacbimGexos!, O. B. Aramanosa?, K. K. Anumosal, I'. K. Kacbim0exos®

Satbayev University (Ka3axckuif HALIMOHANBHBIN UCCIIEN0BATENLCKUN TEXHUYECKHI
yuuepcureT uM.K.1.CarnaeBa), Anmarsl, Kazaxcran;
2CapaToBCKuii rocyJapcTBEHHbIN TexHndeckuit ynusepcutet um. 0. A. Tarapuna, Caparos, Poccus;
3TOO «Kasruapo», Anmatsr, Kazaxcran

SAIUTA CKBA’KUHHBIX HEHTPOBEKHBIX HACOCOB
OT ABPA3UBHOI'O U3HOCA
C IOMOUBIO BAKYYMHOI'O T'HIPOLIUKJIOHA

AHHOTanusi. PaccMOTpeHbI U MpoaHalIn3upOBaHbl KOHCTPYKTHBHBIE OCOOEHHOCTH CYIIECTBYIOIIMX KOHCTPYK-
LM ¥ TEXHOJIOTHH TI0 3alliTe CKBAXMHHBIX HacocoB THMa JL[B oT abpa3suBHOro M3HOCA NPH KCILTyaTalUH.

31O CBsI3aHO C TeM, YTO Ha 00BeKTax BopocHaOxeHus PK mo nmpuumHe meckoBaHUsS BOJ03a00OPHBIX CKBAXKHH
€XeroaHo BeIXoIAT U3 cTpost 10 40...50% ycranoBineHHbIX HacocoB DI[B-6 u DIIB-8, u3 KoTopbiX A0 4 ThIC. WITYK
3aMEHsIETCS Ha HOBBIE M MPUMEPHO TaKoe e KOJIMYECTBO peMOHTHpyeTcst BoccTanoBienme paboTtocrocoOHOCTH
CKB)XUHBI U BOJIONIOJBEMHOTO YCTPOMCTBA CBSI3aHO C OONBIIMMH 3aTpaTaMH Ha PEeMOHTHbIE pabotel. Hampumep,
KalUTAIBHBIN PEMOHT MOrpyXHOTro Hacoca Tuna JLIB obxoxutes 70...80% ero 6a30Boi cTOMMOCTH.

Ha ocHoBe mpoBeeHHOT0 aHaIN3a MPEUI0KEH HOBBIN CIIOCO0 YIIaBIMBaHMS TBEPIBIX IIPUMeECEi Ha BCAChIBAO-
IIeH TMHUHM CKBAKUHHOTO Hacoca Trma D1B ¢ moMOoIIsI0 THAPONHKIOHA HATOPHO-BAKyYMHOTO IEHCTBHS.

YKa3aHo, 4TO IPH HOJIEBBIX UCIIBITAHUAX OIBITHOTO 00pa3iia HOBOI yCTAaHOBKH TEXHOJIOTHYECKHUI MPOLIECC Ole-
HCH I10 Hanopﬂo—pacxouﬂoﬁ XapaKTCPUCTUKE U TEXHOJIOTUYCCKO-3KCIUTYTAHUOHHBIMU ITOKA3aTC/IAMU B COOTBETCTBUUN
¢ tpedoBanusimu 'OCT 6134-81 "Hacocsl nuHamuueckue. MeTo bl HCIIBITAHUA".

[Tpu sToM pacxon 6a30BOro Hacoca 1o BOJIE OIIPEAEsIeH IPH MTOMOIIHM TypOMHHOTO BOJIOMEPA, YCTAaHOBICHHOTO
Ha BOJOIOABEMHON TpyOe ¢ 3aaBIKKON. IIpON3BOUTEIIEHOCTD THIPO3JIEBATOPA O MyJIbIIE ONpeeieHa 0O beMHBIM
crocoboM, a Harop nepe 3aABHKKOM HAIIOpPHOTo NaTpyOKa Hacoca — ¢ IOMOIIBIO0 00pa3oBOro MaHOMETpA.

Y CTaHOBIIEHO, YTO PAacXOJHO-HAMOPHBIE XapaKTEPHCTHKH HCIBITYeMOTo 0a30BOro morpyxHoro Hacoca OI[B
00ecIenBaoTCA B HOIHOI Mepe (pacxon Boasl 60-70 M3/4, Hamop — 110-118 M), meperpy3Ku Ha IEKTOPOABHTATENb
He 00Hapy>KeHHI (TI0Ka3aHUs aMIIEpMeTpa HaXOIATCS B JOMYCTUMBIX Ipefiernax - 68-71 amriep), CTereHh OYMCTKA BOIBI
cocraBisgeT 95-96%. CHmxeHne Meperpy3Kkd >JIEKTPOJIBUTATENS HAcOCa MPEUMYIIECTBEHHO MPOMCXOIUT 3a CUET
OXJIQXKIICHHUS €r0 OCHOBHBIX YaCTEH BOJIONW 0€3 MEXaHMUYECKUX MPUMECEH.

OTMeueHo, 4TO BBIIIOIHEHNE TMOKOT0 aKEPHOT0 YCTPOWCTBA C IPOPE3aMH U HAJIMYUE HA TIOBEPXHOCTH BTOPOTO
MUHUTUAPOUUKIIOHA — CTYCTUTECJISA 3BHAYUTCIIbHO YJIy4UlIacT q)yHKLII/IOHl/IpOBaHI/IH HpHHﬂTOﬁ CXEMbI BOAOIIOAT'OTOBKH.

Pe3ynbraThl HCTIBITAHUI B IPOU3BO/ICTBEHHBIX YCIOBHUSX B LIEJIOM MOJTBEPKAAIOT BO3MOXKHOCTB U LeJiecoo0pas-
HOCTB HCII0JIb30BaHUS OTPY>KHBIX BOJAOIOIBEMHBIX HacocoB Tuna DB ¢ ruaponnkiIoHHONH NpueMHOI kaMepoit.

OxoHOMUYeCKUH 3 (HEeKT OT MPUMEHEHHsT HOBOTO MOIPYXKHOTO HACOCHOT'O arperara ¢ IMJPOLMKIOHOM JIOCTH-
raercst 3a CYeT CHIDKEHMsS JKCIUTyaTallMOHHBIX 3aTpaT M YBEIWYEHHs CPOKa CIy)Obl Hacoca ¢ COXpaHEHHEM €ro
Ka4eCTBEHHBIX XapaKTePHCTHK (T0/10Basi HApaOOTKa, 1OJITOBEYHOCTH U T.1.).

KiioueBble cjI0Ba: CKBa)KHHA, IECKOBAHHE, IOTPYKHOH Hacoc, aOpa3WBHBIA W3HOC, HAIOPHO-BAKyyMHBIH
THIIPOLMKIIOH, UCIIBITAHNE, CTEIICHb OYNCTKH.
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