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DEVELOPMENT OF THEORETICAL PREREGUISITES
FOR THE TECHNOLOGY OF WATER LIFTING FROM WELLS USING
THE SUBMERSIBLE ELECTRIC HIGH PRESSURE ELECTRICAL
CENTRIFUGAL PUMP AND AIR-SUCKING DEVICE

Abstract. A new alternative technology of water lifting from wells using the submersible electric high pressure
electrical centrifugal pump and air-sucking device developed in Kazakh national agrarian university NJSC is pro-
posed, in order to reduce the specific weight of the lifted water in the water-lifting pipes and accordingly, to reduce
the demand pressure and increase the pump unit supply.

The results of theoretical studies of the technological process of water lifting from wells with the use of a sub-
mersible electric pump and a suction device of the above-established dynamic level of water in a well to suck atmo-
spheric air during the process in water-lifting pipes are presented.

Keywords: alternative technology of water lifting from wells, pump installation, well, submersible electric
pump, suction device, water-lifting pipe, technological process, dynamic water level, supply, water head.

Introduction. There is a new alternative technology for lifting water from wells by a pumping unit
using a submersible electric pump and a suction device, installed above the dynamic level to suck
atmospheric air into the water-lifting pipes, proposed in Kazakh National Agrarian University NJSC
based on the results of the conducted studies [1-4].

Studies on the technology of water lifting from wells for a pumping unit with a submersible electric
pump according to a technological scheme using a suction device with atmospheric air intake into water-
lifting pipes showed, that the technological process of water lifting according to the developed
technological scheme of the pumping unit (figure) has not been theoretically studied and is used for the
first time.

The peculiarity of the technological process of water lifting is the use of atmospheric air suction to
the water-lifting pipes by means of a suction device, installed on the pressure line of the submersible
electric pump above the dynamic level of water in the well, in which, when water moves from the pump
through the active nozzle, a negative pressure is created in the passive nozzle of the suction device due to
the entrainment in it of atmospheric air according to the law of continuity of its movement, As a result,
atmospheric air is sucked through the passive nozzle of the suction device into the water-lifting pipes,
creating in them a water-air mixture with specific gravityy.,,, thereby reducing the specific gravity y of
the water to be lifted and reducing the required headHy,submersible pump and pump installation H,,at
the required height of the water liftHand increasing the supply of the pumping unit by an amount AQ),.

Lets consider the technological process of the water lifting of the pumping unit according to the
developed technological scheme under the established operating mode, determining the analytical
dependencies between the main input and output parameters, using the law of continuity of the flow of
water and atmospheric air in the pumping system, Bernoulli equation for the cross sections at the inlet and
outlet of the suction atmospheric motion in the passive nozzle and the water supplied from the electric
submersible pump in the active nozzle of the suction device and the law of similarity of submersible
electric pumps by supply in the proposed process flow diagram [5-7].
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Technological scheme of a variant of a pumping unit using a submersible electric pump and a suction device

with a suction of atmospheric air into the water-lifting pipes:
1 - submersible electric pump; 2 - air suction device; 3 - check valve; 4 - water pipe section; 5 - clutch; 6 - branch pipe; 7 - tap;
8 - manometer; 9 - valve; 10 - pipeline; 11 - wellhead; 12 - electrical cable; 13 - a control station (not shown); 14 - well;
AQ, - increasing the pump system from using a suction device for atmospheric air, m*/s; Ve, Vens - speed of water movement in
the active and passive nozzles of the suction device, m/s; Dca,, Dcm,, DeMk, - internal diameters of the active and passive nozzles
and the mixing chamber of the suction device, m; Q,;, Q.2 - Submersible electric pump and pump set, m’/s; Hp», Hyy, - pressure
of submersible electric pump and pump installation, m; H - height of water lift, m; H,, H, - dynamic and static water levels i the
well, m; Hj, - height of the inlet of the passive nozzle of the suction device from the dynamic level, m; v, y.,, - specific weight of
water and lifted water-air mixture in water-lifting pipes, H/m®; P, - Atmosphere pressure, H/m?.

The technological scheme of the considered version of the pumping unit (see figure) consists of a
submersible electric pump 1, Suction device for atmospheric air connection 2 with check valve 3, sections
of water-lifting pipes 4, connected with each other by threaded couplings 5, branch pipe 6, equipped with
a tap 7 with a manometer 8, valve 9 with a pipeline 10, transporting water to the consumer, also the head
of the well 11, which holds the water-lifting pipes and submersible electric pump, electric cable 12, cont-
rol station 13 (not shown in the picture) and wells 14 inside the well.  The flow chart shows the input
parameters of the pumping unit and the main output technological and technical parameters of the
technological process of the water lifting and the suction device with the suction of atmospheric air.

Research methodology. Was included in the definition of the following conditions:

- establishment of input and output parameters in the researched technology of water lifting of the
pumping unit;

- determination of functional dependencies between the input and output parameters of a pumping
unit using a submersible electric pump and a suction device with a suction of atmospheric air into the
water-lifting pipes;
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- determination of analytical dependencies between the main input and output technological and
technical parameters of the pumping unit using a submersible electric pump and a suction device with a
suction of atmospheric air into the water-lifting pipes.

For the experiments, the discontinuity of the flow of movement of the supplied water and the suction
of atmospheric air in the suction device and water-lifting pipes was used,in the use of the Bellni well for
the inlet and outlet ends of the suction device and water-lifting tanks and the theoretical foundations of the
vacuum created in the suction device [4-6].

The main input parameters of the pumping unit are: submersible electric pump supply Q, and the
pressure created by him in the pumping unit Hp,and the main output parameters are: technological
parameters of the pumping unit: feed increase AQ,, pumping unit supply Quy», pump head H,y,, specific
gravity Y., lifted water-air mixture in water-lifting pipes, usefull N, and spent N,y, power and Efficiency
Iuy> pumping unit and technological and technical parameters of the suction device for atmospheric air:
vacuum head Hg, internal diameters of active De,, and passive D, nozzle, speed of water movement in
the active v, and passive v, nozzles, inner diameter Dy, and lenght L. mixing chamber of the
suction device.

To determine these basic output parameters, the following functional dependencies were considered:

1) by definition of increasing the flow AQ2 of the pumping unit

AQz =1 (Qu2, H, ¥, Yen2)» (1)
2) by definition of feed Qpu, of the pumping unit Q,y»
Quy2 = (Qu2, AQ2, ¥, Yon2), )
3) by definition of the pressure of the pumping unit H,y,
Huyo = £ (H, Hyo, Qny, hiy, hMy, Yeun), 3)

4) by definition of specific gravity y.,, lifted water-air mixture in water-lifting pipes

Yem2 = f(’Ya Yes> Venls Veals K1y Ven2, Vea2, K2, H), (4)

5) by definition, useful Nyand spent N,»power and efficiency I],,»pumping unit

Nn2 =f (HpZ, QHyZa YCMZ)J (5)
Hy2 =f (H HPZ, QHy27 Yem2, IlHyZ) (6)
HHyZ = f(Nn2: NHy2: Ier: IloZ: I1M2)3 (7)

6) by definition, technological and technical parameters of the suction device for atmospheric air:

- vacuum head H,

Heaz = £ (Pa, Peaz,Pen2, Quzy Deaz, Den2, Veaz, Ven2s K2), )]

- internal diameters of active Dyand passive D ppnozzles
Dear = £ (Qu2, H p2> Vea2), ©
Dent = £(Quz2, H p2> Vca2, Ven2, Ky), (10)

- speed of water movement in the active v.,and the velocity of atmospheric air in the passive Ve
nozzles

Vea2 = f(QHZ: Hp2, Dea2), (11)
Ver2 =  (Quz, Hp2, Doz, Vea2, K2), (12)
- inner diameter D, and length L., mixing chamber
Deviz = £ (Quy1, Hp2, Deats Den2, Veaz, Venzs Youz)s (13)
Lewe = £ (Quy2, Hp2, Deaz, De), (14)
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where AQ, - Increasing the pump system from using a suction device for atmospheric air, m*/s; Ve -
speed of water movement in the active nozzle of the suction device for atmospheric air, m/s; vy, - speed
of atmospheric air in the passive nozzle of the suction device for atmospheric air, m/s; Dy, - internal
diameter of the passive nozzle of the suction device for atmospheric air, m; k; - the coefficient of decrease
in the speed of movement of atmospheric air in the passive nozzle with respect to the speed of movement
of water in the active nozzle of the suction device with a suction of atmospheric air.

Research results. Theoretical prerequisites are developed according to the above methodology and
the adopted functional dependencies (1)—(14).0One of the main technological parameters of a pumping unit
with a suction device with a suction of atmospheric air is to increase the flow by an amount AQ,, which
according to the accepted functional dependence (1) is determined using the law of similarity of
centrifugal pumps by supply in the form of equation:

8Q24Quz __7H
QHZ YCMZ H ’

where Q,, - submergible centrifugal pump feed, m*/s; vy, Y - specific weight of water and lifted water-
air mixture in water-lifting pipes, H/m’.

Solving equation (15) with respect to AQ,, a formula is obtained for determining the increase in the
delivery of a pumping unit in accordance with the technological scheme when using a suction device for
sucking atmospheric air into water-lifting pipes:

AQ:=Qu (= —1). (16)

cm2

(15)

Supply of Q.y, pumping unit according to the accepted functional dependence (2) is determined by
the total addition of the submerged electric pump Q,and feed increase AQ, pump installation from the use
of a suction device to suck atmospheric air into the water-lifting pipes, creating in them a water-air mix-
ture of a smaller specific gravityy.,, than the specific weight of the water to be lifted, according to the
formula:

QHyZ = QHZ + AQZ, m3/S (17)
or when replacing AQ, from (16) the formula (17) takes the form:
Quyz = Quz + Qu (= = 1), mss (18)

When formula (18) is simplified, the supply Q,y» of pumping unit is determined by the formula:

Y
QHyZ = QHZ'_ s m3/S. (19)
cM
From the formula (19) it follows that the delivery of the pumping unit depends on the supply of the
used electric submersible pump and the specific weight of the lifted water and the specific gravity of the
water-air mixture created in the water-lifting pipes by means of a suction device with atmospheric air.
Pumping unit head H,y,according to the accepted functional dependence (3) is determined on the
basis of the Bernoulli equation, compiled with respect to the cross sections of the input and output
parameters of the pumping system (1-1 and 2-2, see Picture 1):
Py D%‘aZ i Yeu D%
— = =t bt hy,, 20
y 2g y 2g 12 M2 ( )

P
where = = H,y» - required pump head, m; P; - the overpressure created by the submersible electric pump
Y
in the cross section 1-1 of the suction device, H/m?.
P
Solving equation (20) with respect to - = H.yo, have received the formula for determining the
Y

required head of the pumping unit:

—— Y ——
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H-y 2 _.2
HH)’ZZ_W'M—i_hlZ—FhMZ’ (21)
2g
where H - height of water lifting, determined by the formula, m:
H=H, +h,, (22)

where H, - dynamic water level in the well, m; h, - height from the head of the well to the outlet of the

2
)
lifted water from the water-lifting pipes, m; _gaz - high-velocity head of water in the active nozzle of the
34

2
. . L . . .
suction device, m; —22 - high-speed water pressure at the outlet of the water-lifting pipes, m; h;, - loss of
g

pressure along the length of water-lifting pipes, m:

L v L 160,
h,2:/’t-—-u” =2,—~#:A-L~Q2 (23)
D, 2g D, n7-D]-2g

H

where A - coefficient of water resistance in pipes; L - total length of pressure pipes of the pumping unit,

m; Dy - inner diameter of pressure pipes, m; v, - speed of water movement in pressure pipes, is deter-

mined by the formula, m/s:

_ 4‘Quy2
m-DZ "’

Vy m/s (24)

g - acceleration of gravity, m/s (g = 9,81 m/s%); Quy2 - delivery of the pumping unit, m’/s; A - resistivity of
water-lifting pipes:

8
A= ———m. (25)
7’ -D: g
h,,» - loss of pressure from local resistance in the water-lifting system, m:
n V2 "
hy, = —,m (26)
;x’2g

where V,, - water velocity in devices that create local resistance, m/s.
Specific gravity yep(4) is determined from the Bernoulli equation (20) or from the formula (21) by
determining the required head of the pumping unit, solving them with respect toy.y.

2 2
Vg2 —V2

Your =7 (o + iz - hu), 27)

It follows from formula (27) that the specific gravity of the created water-air mixture in the water-
lifting pipes depends on the specific weight of the lifted water, the height of the water lift, the head of the
pumping unit, the total head losses and the parameters of the suction device for drawing atmospheric air
into the water-lifting pipes.

Usefull N, and spent N,y, power and efficiency I].,, pumping units are theoretically determined on
the basis of functional dependences (5), (6) and (7) according to known formulas:

- useful NV ppumping unit power

Nup=pg QHyZ'HHyZ = Y'Quyz‘ HuyZ, Y (28)
or Ny = 9,81 QHyZ' HHyZ: kW, (29)

where y — specific gravity of the lifted water, H/m’® (y = 9810 H/m”):
V=P8 (30)

where p — Density of the lifted water, kg/m® (p = 1000 kg/m’);
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- spent N,y, pumping unit power

N,
Nuyp =2 (1)
I-lHyZ
- efficiency I],y, of pumping unit
NnZ
w2 = 32
Moz =0 (32)
or
HHyZ = I]rZ'HoZ'HMZa (33)
where I];; — hydraulic efficiency of the pumping unit:
_ Huyz
Nri= Hm (34)

where Hyy, - the required pressure of the pumping unit is determined by formula (21), m; H; - theoretical
head of the pumping unit, m:
H, = U,V,cosa, —U,V, cosa, ’ (35)
g

where U;, U, - circumferential water velocities at the inlet and outlet of the impeller of the electric
submersible pump used, m/s;  Vj, ¥, - averaged absolute water velocities at the inlet and outlet of the
pump impeller, m/s; oj,0, - Angles between absolute and peripheral speed at the inlet and outlet of the
impeller pump, °; I]o; - volumetric efficiency of the pumping unit:

QHyZ
Quyz + Qy ’

where Qy - volumes of leaks (water losses), m’/s; Quy2 - the delivery of the pumping unit is determined by
formula (17) or (18) and (19),m’/s; I],.2 - mechanical efficiency of the pumping unit:

Moz = (36)

NuyZ
e (37
1 Nog
where N,y - the power consumption of the pumping unit is determined by the formula (31), kW; N, -
power consumed by the submersible pump motor, kW.

Determination of technological and technical parameters of the suction device for the connec-
tion of atmospheric air into the water-lifting pipes. The vacuum head H,,,, according to the adopted
functional dependence (8), is determined on the basis of the Bernoulli equation, made with respect to the
cross sections (see figure) 0 -0 and 1-1:

Py Vi _Poz  Va

Y 28 Y 28

where P, - Atmosphere pressure, H/mz; P.n» - pressure at the outlet of the passive nozzle in the cross
section 1-1, H/m?; Vea, Venz - speed of water movement in the active and passive nozzles of the suction
device, m/s.

We transform equation (38) in the form:

: (38)

& ~ Pcn2 _ DZa_Ugn
Y v 28

where the left-hand side of the equation and the right-hand side are formulas for determining the vacuum
head:

; (39)

— 26 ——
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P, P
HBaKZ =—_ e , M (40)
Y Y
or
2 2
v )
HBaK2 = = = - HB: m (41)
2g

Internal diameters of active D.,pand passive D, nozzles are theoretically determined on the basis of
functional dependences (9) and (10) according to known formulas:

4Q;2
Do = (—)"%, (42)
“Vea2
4Q
Dy = (—2212, (43)
Ven2

The speed of movement of water in the active atmospherev.,; and the velocity of atmospheric air in
the passivev,;nozzles are theoretically determined on the basis of functional dependences (11) and (12)
according to known formulas:

4 QHyZ

T['Dgaz ,
4Qny2
D2 (45)

cn2

(44)

Vea2 =

Vem2 =

Inner diameter Dy and length L., mixing chamber of the active nozzle of the suction device are
theoretically determined on the basis of functional dependences (13) and (14) according to known
formulas:

4’QH 2

Do = (———)'?, (46)
Veuw2

LCMK2 = ( 6.. 8) : DCMKZ- (47)

Conclusions. The theoretical assumptions obtained are the basis for determining the main techno-
logical parameters of a pumping unit with a submersible electric pump and a suction device,installed on
the pump discharge line above the dynamic level of water in the well, and the determination of
technological and technical parameters of the suction device with the suction of atmospheric air into the
water-lifting pipes, on the basis of which the required sizes of the suction device can be calculated for any
type of submersible electric pump.

A. A. HueranueBa, A. A. SIxosJies, E. C. CapkbiHOB
Kazak yiTThIK arpapibelk yHUBepcuTeTi, Anmarsl, Kasakcran

3B BATHAJIBI QJIEKTPOCOPYBIHBIH KOJIIAHBIJITYBIMEH CAHBIVIAYJIAPJAH
CYTAPTKBIII TEXHOJIOTUACHI BOMBIHIIA TEOPUSIIBIK AJIFBIIIAPTTAP/IbI
7KOHE AYA COPI'BIII KYPBIJIFBIJIAPBIH OHAEY

Annotanusi. CyTapTKpIll KyObIpyiapJia KOTEpuUIeTIH CYIBIH CalbICTBIPMajbl CaJIMarblH TOMEHJIETY MKOHE
THICIHIIIE KaXXET TereypiH/li a3aiTy jKoHe copall KOHIBIPFBICHIH yiFaiirymakcarbinia, Kaz¥ay FAK ennenren O1B
’KOHE aya COPFBILI OaTnaibl JIEKTPOCOPFHIHBIH KOJNJaHBLTYBIMEH CaHbUIAYyJap/aH CYyTapTKBILITHIH KaHa OagaMalibl
TEXHOJIOTHSCHI YCHIHBULIBI. CyTapTKbI KyOBIpJIapblHIa TEXHOJOTHSIIBIK YAEpicTep Ke3iHae atMoc(epaliblK ayaHbl
TapTy YLIIH CaHbplIayJlapAa CyAbIH JUHAMUKAIBIK JICHI€HiHEeH )KOFaphl OCKITLIreH O0aTIaibl 3JIeKTPOCOPFBIHBIH JKOHE
COPYIIBI KYPBUIFBIHBIH KOJIIAHBUTYBIMEH, CaHbUIAYJIapJlaH Cy TapThUTYbIH TEXHOJIOTHSUIBIK YIEPICIHIH TEOPHUSUIBIK
3epTTeyJepiHiH HOTIKEIEepl KeNTipijrex.
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Tyiiin ce3aep: caHpUIayJapIaH CYTapTKBIUTHIH OajxaMaibl TEXHOJIOTHSCHI, COPYLIBl KYPBUIFBI, CaHbLIAY,
0aTraybl AIEKTPOCOPFBI, COPYIIBI KYPBUIFBI, CYTapTKBII KYOBIp, TEXHOJOTHSUIBIK YIEpic, CYIbIH JUHAMUKAIBIK
ZeHreiti, xkidepy, Tereypis.

A. A. Huerasmena, A. A. SIkosaes, E. C. CapkbiHoB
Kazaxckuil HalmoHaNbHBIN arpapHbli yHUBepcuTeT, AnMaTsl, Kaszaxcran

PA3PABOTKA TEOPETUYECKHUX MPEANOCHIIOK IO TEXHOJOTIMA BOJAONOABEMA
N3 CKBA’KHH C UCITIOJIbB30OBAHHUEM HOI'PY2KHOI'O 3JIEKTPOHACOCA 31B
N BO3AYXOBCACBIBAIOIIETO YCTPOUCTBA

Annoranus. [Ipemnoxena paspaborannas B8 HAOKa3HAY HoBas anbTepHaTHBHAS TEXHOJOTHS BOJOIIOABEMA
13 CKBaXXMH C HCIIOJIb30BAHUEM ITOTPY>KHOTO 3JIeKTpoHacoca J1IB 1 BO3ayX0BCachIBAIOLIETO YCTPOICTBA, C IETBIO
CHIDKCHUS YIEIBHOTO BEca MOJHMMAEMOM BOABI B BOJONOABEMHBIX TPYOaX M COOTBETCTBEHHO YMEHBIICHHIO I10-
TpeOHOrO Haropa M YBEJIMYEHHs MOAAaYH HACOCHOW YCTaHOBKHU. [IpHBeneHBI pe3ybTaThl TEOPETHUECKUX HCCIENO-
BaHUH TEXHOJIOTHYECKOTO IPOLECCca BOJIONOAbEMA U3 CKBAXKUH C HCIIOJIB30BAaHUEM IIOTPY>KHOTO 3JIEKTPOHACOCA H
BCAaChIBArOUICTO yCTpOﬁCTBa, YCTaHOBJICHHOT'O BbIIIE AUHAMHWYCCKOTI'O YPOBHSA BOABI B CKBAXXWHE JJId MMOJICOCAa aTMO-
cepHOro Bo3yxa BO BpeMs TEXHOJIOTHYECKOT0 IIPOLEcca B BOJONOABEMHBIE TPYObI.
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