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METHOD OF CALCULATION AND DETERMINATION
OF TECHNOLOGICAL AND TECHNICAL PARAMETERS
OF PACKER HYDRAULIC DEVICE
WITH AN EJECTOR BY SUBMERSIBLE MOTOR

Abstract. It was given the developed method of calculation to determine the technological and technical para-
meters of the packer hydraulics with an ejector to the submersible motor for technology pipeless water lifting from
wells, the main criteria for which to calculate the accepted theoretical background obtained by theoretical inves-
tigations of the processes in the water lifting technologies and packer device: seal, fixing , protivoskruchivanii and
gjection.
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METO/IUKA PACUYETA U ONPEJAEJEHUE
TEXHOJOI'MYECKUX U TEXHUYECKUX ITIAPAMETPOB
MAKEPHBIX I'MJIPABJIMYECKHUX YCTPONUCTB C D) KEKTOPOM
K IHOI'PYKHBIM DJIEKTPOHACOCAM

Annoramus. /lana pa3paboTaHHASA MCTOAHMKA PACUETa MO OMPCACICHHIO TCXHOJOTHUYCCKHX H TCXHHYCCKHX
MAPAMETPOB MAKCPHBIX THAPABIHICCKAX YCTPOHCTB C HKECKTOPOM K MOTPYIKHBIM 3JICKTPOHACOCAM IS TCXHOJIOTHH
0cCcTPyOHOTO BOAOTIOABEMA M3 CKBAYKHH, OCHOBHBIMH KPHTCPHAME KOTOPBIX IS Pacuéra MPHHATH TCOPCTHUCCKIC
MPSIMOCHIIKH, MOMYYICHHBIC MPH TCOPSTHUCCKUX HCCACAOBAHUAX MPOTCKAIOIIMX MPOLUCCCOB B TCXHOJIOTHH BOJO-
MOTBEMA U IAKCPHOM YCTPOUCTBE: VIUIOTHCHUH, (\HKCHPOBAHHH, MPOTHBOCKPYUMBAHHA H HKCKTHPOBAHHH.

OnpeacncHsl A CHCTCMBI BOJIOCHAOKCHUSA M MCITHOPALHH TCXHOJIOTHUYCCKUC MAPAMCETPHI HACOCHOH yCTa-
HOBKH: mozaua — 10...40 /4, HeoOX0qUMBbIit Hamop — 55...150 m; motpeOHAs BRIcOTAa BOAOMOaBEMA — 50... 130 M;
notpedmsiemast MomHOCTh — 2...27 KBt u KITJl — 0,22...0,45 1 TeXHHUICCKAE MAPAMETPhI MAKEPHBIX THAPABIHICC-
KHX YCTPOHCTB C HKEKTOPOM: MO VIUIOTHAIOIICH YACTH: X0 00PaTHOTO KJIATIAHA, AHAMETPHI HAPY KHOTO W BHY TPCH-
HCTO VIUTOTHHTCIIFHOTO KOJIBIA, BRICOTA W MIMPHHA VIIOTHUTCIFHOTO KOJTBIA, MHHUMAITLHOC H30BITOTHOC JABJICHHC
IS VIDIOTHCHUS KOJBLA, N0 (PHUKCHPYIOMEMY MEXAHH3MY. KOIHYCCTBO (DHKCHPYIOIIHX YIOPOB, BSPTHKATHHBIA
YT0J1 HAKJIOHA W JTHHA (PHKCHPYIOIICTO YIOpPA, CHITBI, HCOOXOAUMBIC I (DHKCHPOBAHKUA YIOPOB. 3AKTHHHUBAHUA,
HOPMAJTBHOTO M THAPOAHHAMHYCCKOTO JABICHHUS, IO MPOTHBOCKPYIMBAFOIICMY MCXAHH3MY . BSPTHKAJBHBIH YTOI O
HAKJIOHA ABYXIUICUCTO PHIMATA H IMHA CTO TATH, CHJIA HOPMAIBHOTO JABJICHHS HA MPIKAMHOH POJIVMK; CHIIBI HA
PACKTHHHBAHHC MAKCPHOTO YCTPOWCTBA M HA ACMOHTAK MAKEpPa C MOTPYKHBIM 3JICKTPOHACOCOM, IO MKCKTOPY:
JHAMCTP AKTHBHOTO COILIA M INCIICBOC MPOXOTHOC CCUCHHES MCKAY AKTHBHBIM COIUIOM H CMCCHTCIIBHOHW KAMCPOH,
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KOTOPBIC TO3BOJIAT Pa3paboTaTh HEOOXOAMMBIC MX THIIOPA3MEpH! A1 3(P(HEKTHBHOTO MCHONB30BAHHA B CHCTEME
BOJOCHAOXKCHHUS B Memropaunu KazaxcraHa.

KimoueBbie ciioBa: MeToauKa pacuéra, 0O0OCHOBAHUE, TEXHOJIOTHUCCKHI MAapaMeTpP, TEXHUICCKUH MmapaMerp,
TEXHOJOTHSI OECTPYOHOTO BOAOIOABEMA, MAKEPHOE THAPABIMYCCKOEC YCTPOHCTBO, 3MKEKTOP, MOTPYKHOH 3NEKTPO-
HACOC, KOHCTPYKTHUBHASI CXEMa, IPOTCKAIOMIMHI TPOIIECC, IMOJ3EMHAI BOAA, CKBAXKIHA, HACOCHAS YCTAHOBKA, BOJO-
CHAOKCHHE, MEITHOPATIHIL.

Beeaenne. B Hacrosmice Bpemst B Kazaxcrane B cuctemMe 001IEro BOAOCHAOKCHHS U METHOPALIIH C
KCTIOIb30BAHUEM TIOA3EMHBIX BOJ U3 COOPYIKACMBIX CKBAKHMH C MPUMCHCHUEM [T BOA03a00pa morpyx-
HBIX 3JICKTPOHACOCOB HJAET TCHACHIUS MPUMCHCHHUS MPOTPECCHUBHBIX TEXHOJOTHH BOAOHOABEMA, B TOM
YUCNIC TEXHOJIOrHH OecTpyOHOro Bomomoabema (mo 0OCaaHBIM TPyOaM CKBAKHUH) C KCIOJb30BAHHCM
MAKCPHBIX YCTPOHCTB PA3IHYHBIX KOHCTPYKIMIM, YCTAaHABIWBACMBIX HA HACHCTATCIHHOM MATPyOKe
HACOCA, PA3AC/IIs B CKBAKHHE BCACHIBAOIIYIO YACTh HACOCA OT HATHETATC/IBbHOM, MO3BOJIMIOIINX CHUKATD
METAFIOEMKOCTh B 2...3 pasa U yay4llaTh SHCTPCTHUYCCKUC MOKA3ATSIM HACOCHBIX YCTAHOBOK — MOBBI-
menue moxauu u KITJ B 1,2..1,3 pasa, CHIDKCHHEC SKCIUTVATALIMOHHBIX 3aTPaT HAa MOHTAKHO-ICMOH-
Ta)KHBIC PA0OTHI, TIOBBILICHUAE CPOKA CIYKOBI 00CAAHBIX TPYD, HCKIIOUCHHUE 3arpsA3HEHHS BOXBI M 3aCO-
peHus ckpakuH [ 1, 2].

OxHako BHEAPCHUC TECXHOIOTHH OCCTPYyOHOrO BOAOMOABEMA B BOJAOCHAOKCHUM U MEIHOPALIHH
CACPKUBACTCS M3-32 OTCYTCTBHH HA PHIHKE COBITA HCOOXOAUMBIX THUIOPA3MEPOB MAKCPHBIX YCTPOUCTB K
MOTPYKHBIM 3JICKTPOHACOCAM, B CBSI3U C HEIOCTATOYHOCTHIO MPOBEASHHBIX MCTOAUUCCKUX UCCIICOBAHHIMA
1o JaHHoMy HampasiieHuio. [losTomy paspaboTka METOAMKH pacuéTa U ONPEACICHUC TCXHOJIOTHUCCKUX H
TCXHUUYCCKUX MAPAMETPOB MAKCPHBIX THAPABIUUCCKUX YCTPOUCTB C 3KEKTOPOM K MOTPYIKHBIM 3JICKTPO-
Hacocam A1t OeCTpyOHO!H TEXHOIOTHH BOAOTIOABEMA, SIBISCTCS aKTYaIbHON MPOOISMON.

O1HAKO MCCICIOBAHMS 0 JAHHOMY HAMPABJICHUIO IS CUCTEMbI BOJAOCHAOKCHUS U MCTHOPALIUH HE
MPOBOAMIUCH.

Martepuansi u Meroabl. B paboTe HCHONB30BAHBI TCOPCTHUCCKUE, MECTOAMUYCCKUC U PACUETHBIC
METO/IbI UCCIICAOBAHUSL.

ABropamMu 000CHOBaHA W pa3paboTaHa METOAMKA PACUETa MO OMPEICICHUIO TCXHOMOTHUCCKUX H
TCXHUUYCCKUX MAPAMETPOB MAKCPHBIX THAPABIUUCCKUX YCTPOUCTB C 3KEKTOPOM K MOTPYIKHBIM 3JICKTPO-
HACOCaM ISl TSXHOIOTHH OSCTPYOHOTrO BOAOIMOABEMA U3 CKBAKHH B CHCTEME BOAOCHAOKCHUS U MEJIHO-
paruu [1-3].

Pesyabratbl uccaenoBaHuii U ux 00Cy:kaeHue. METOAUYCCKUM OCHOBAHHEM OOOCHOBAHUS
METOJUKH pacuéTa MO ONPCACACHHUID TCXHOJOTHYCCKUX M TCXHHUYCCKUX MAPaMETPOB THIOPA3MEPOB
MAKCPHBIX THIPABIAYCCKUX YCTPOHCTB ¢ MKEKTOPOM K MOTPYKHBIM 3JICKTPOHACOCAM /IS TCXHOJIOTHH
OecTpyOHOTO BOJOMOIBEMA M3 CKBAKUH SIBISIOTCS TCOPCTHUCCKUC MPCANOCHUIKH, MOIYUYCHHBIC MPH
TCOPETHUCCKUX HKCCICIOBAHUAX MPOTCKAMOIIUX IPOLECCOB B TEXOJOTHH BOAOMOABEMA W MAKCPHOM
YCTPOUCTBE: VILIOTHCHHUH, (PUKCUPOBAHUMU, MPOTHBOCKPYUMBAHUN U dxkekTupoBanuu. [IpuHiunuaapHas
TCXHOMOTHUCCKAS CXCMa MAKSPHOTO THAPABIHYCCKOTO YCTPOUCTBA ¢ MKECKTOPOM K MOTPYKHOMY 3JICK-
TPOHACOCY IS TSXHOIOTHH OSCTPYOHOTO BOAOTIOABEMA U3 CKBAKUH MOKA3AHA HA PUCYHKE.

OCHOBHBIC TCXHOJIOTHYCCKHUE MApaMETPhl TCXHOIOTHH OCCTPYOHOTO BOAOIOIBEMA. IMOJAMA HACOC-
HOH YCTAaHOBKH Qy, MHHUMAIPHOE M MAaKCHMAIbHOE 3HAUCHHE AUAMETPA MAKEPHOTO yCTpolicTea (ama-
metpanbHblil raGaput) Dimin B Diimax, BHYTPEHHHE AHAMETPH OTBOAHOrO Tpybomposoga d., W mpo-
XOJHOTO CCUCHHS MAKCPHOTO THAPABINYCCKOrO yCTpoicTBa d,, HOTPEOHBIN HAMOP MOTPYKHOTO 3JICK-
tponacoca H,, Bo3moxnas Beicota Bogonoasema H, moTpebasemas MOIHOCTE HACOCHOM YCTAHOBKH Ny
u KI1J1 000CHOBBIBAIOTCS M OTIPEACIISIOTCS HA OCHOBAHHH BBITIOJHCHHBIX TCOPCTHUCCKUX UCCIICAOBAHUI.

VKa3aHHBIC TEXHOJOTHUCCKUEC MAPAMETPhI 3aBUCAT HE TOABKO OT XAPAKTCPHCTHUKU MOTPYIKHOTO
3JCKTPOHACOCA, HO M XAPAKTCPUCTUKUA BOAOMOABEMHOUN CETH. MAKCPHOTO YCTPOMCTBA C 3KEKTOPOM,
obOcaaHbIX TPyO M OTBOAHOTO TPYOOMPOBOAA, KPUTEPHEM OLICHKH KOTOPBIX SIBIISIOTCS MOTEPH B HHUX
Hamopa hg,; KOTOPHIC C YYCTOM ONTHMH3ALMU TECXHOJOTHUCCKHUX MNAPAMETPOB AOJKHBI OBITh IPH-
OIMKCHBI K MUHUMYMY h,; — min.

OnpegesieHHe TEXHOJOMHYECKHX MHAPAMETPOB MAKEPHOr0 THAPABIHYECKOr0 YyCTPO#CTBA C
IKEKTOPOM:

ITogaua HacocHoli ycTaHOBKH Q.. [Ipu coBMECTHOI paboTe makepHOro rugpaBIHIECKOTO YCTPOH-
CTBA C HKECKTOPOM U HOTPYIKHOTO JICKTPOHACOCA OMPEACIACTCS MO MPUBEASHHBIM (HOPMYIam:
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1 - morpyHO# 3JeKTpoHacoc, 2 - KEKTOp,
3, 6 - KpBIIIKHA HIDKHSS U BEPXHSLL, 4 - KOPIIYC; 5 - KOIBIO
VIUIOTHUTENLHOE, HIKHEE U BepxHee, 7, 9 - oOpaTHblii U
cOpocHOH KiTanansl, 8 - ymop ¢ukcupytompit, 10, 11 - Ts1-
ra U POJIUK IPOTHBOCKPYUMBAIONIETOCS MEXaHU3Ma,
12, 13 - y3en mojBecku U Tpoc, 14 - obcajmHple TPyObI
CKBaXUHBI, 15 - OrONOBOK CKBaXXWHHI C OTBOJHBIM
naTpy OkoM; 16 - OTBOJHOMN TPy COIIPOBOJT,

H — BpIcOTa BOJIoNIONREMa, [, — Halop Hacoca,
Q,@,, — mojaya Hacoca U HACOCHOH ycTanoBKy, dy, Dy,
Deg, d, — IMaMeTp 0CeBOro MPOXOHOTO OTBEPCTHS Iid-
Kepa, Hapy> KHbIH JuaMeTp Ilakepa, BHYTPEHHHI JHaMeTp
CKBaXUHBL U JUaMeTp OOPE3MHEHHOIO POIHUKa IIPOTHUBO-
CKPY UMBAIOIIETOCS MeXau3Ma; £, £, — JUMHBL TSI PUK-
CHUPYIOINETO YIIOpa U JIBYXIUIEUETO phluara IPOTUBOCKPY-
YHMBAIOITIETOCS MEXaHW3Ma, [, — BEPTHKAIbHBIE YIJIBI
HAKJIOHA (QUKCHUPYIOIHUX YIIOPOB U JIBYXIUIEUMX PHIYaroB
IIPOTHBOCKPYUMBAOIIErocsl MexXaHusma, 73, Ty— CHIIBL
3aK/IMHUBAHMS. M HOPMaJIBbHOTO JaBIEHMS, JeiCTBYIONME
Ha Qukcupytonmii ynop; Tp, T,,, — CHIBl PacTSHKEHUS U
BO3BpaTa YIUIOTHUTENBHOTO KONbIA TaKepa, Rg, Tom, —
CHUJIBI TH/IPOJMHAMUYECKOTO JIaBIIEHUS, JIEHCTBYIOINE Ha
TIaKep, ¥ OTPHIBA IIPU JIEMOHTAXe IIAKEPHOI'O YCTPONCTRA,
P — n30pITOYHOE JIaBJIEHHE BOJBI BHYTPH YIUIOTHHTEb-
HOTO KOJBI[A, Y — YJENbHBIH Bec IIOJHUMAaeMOH BOJBI B
CKBaXWHE, b,, h,, §, — MMpHHa, BHICOTA W TOMIIMHA YII-
JOTHUTENBHOTO KOJBI, S — X0J 0oOpaTHOTO KiallaHa,
M7, My — Macca IaKepa U IoTrPy>KHOTO 3IEKTPOHACOCA.
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Pucynox 1 — IIpuHImImanpHast TEXHOIOTHYECKAs cXeMa IIaKePHOTO THPABIMUYECKOI0 YCTPOMCTBA C HKEKTOPOM K IIOTPY KHOMY
SIIEKTPOHACOCY TSI TEXHOTIOTHY GecTpyOHOTO BOJIONIOABEMA U3 CKBAKIH

(1

HY ™ Tyyeigy
qcym:ZqH'Z'a: (2)
qu'F
Qeym = ﬁ (3)

ITpu 3TOM JOKHO BBIACPKUBATHCS YCIOBHE:

QuK=Quy < Qcx. 4)

rae Qpy, Qi — MoJaYa HACOCHOH YCTAHOBKH H T0Ja4a TOTPYKHOTO HACOCA MO €T0 XaPaKTePHCTHKE, M/,
K - yBenmueHne noaauu HACOCHOH YCTAHOBKH 32 CUET 3KCKTUPOBAHUS (IO PACUETY U ONBITHBIM JAHHBIM
K = 1,2-1,3); Q. — acOUT CKBAKUHBL, Ml T 'y — TPOJONIKHUTEIPHOCTh PaOOThl HACOCHOW YCTAHOBKHU B
CYTKH, 4, {yy — YHCIO0 HACOCHBIX YCTAHOBOK (CKB)KHUH) OJHOBPEMEHHO PabOTAIOIINX HA CYTOYHOE BOIO-
NOTPeOICHUE MOTPEOUTENS, INT.; (yyy, — CYTOUHOE BOAOTIOTPEOICHHE MOTPEOUTENS B CHCTEME TACTOMII-
HOTO M 00mero BogocHaOxkeHus (2) W B cucTeMe MeTHopamuH (3), M/CYT, Qu — €JIMHHYHBIC HOPMBI
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BOJONOTPEOICHNS B CYTKH (A1 KMBOTHBIX, MOJTHBA 1M’ IUTOMAH OTKPHITHIX MAPHHKOBBIX, 1 Ta opo-
IIACMBIX 36MEJBHBIX YYACTKOB U T.1.), M’ Z — KOJTHUECTBO HOPMHUPYEMBIX BEINUUH (UHCIIO KUBOTHBIX, M
MOJIUBHBIX YYAaCTKOB, Id OPOIIACMBIX 3¢MENBHBIX momaach u t.4.); o = 1,09...1,15 — kosdduiueHT,
VUATBIBAOIIHAN  BOAOMOTPECOACHHE HA COOCTBCHHBIC HYyXAbl OOCIYXKHBAKOIICTO mnepcoHana [6];
F — miomane opomacMbx 3¢MENbHBIX YYAaCTKOB MOA3CMHBIMUA BOJaMH, ra; Dyy — ducio aHeh padboThl
HACOCHOUM YCTAHOBKH MEXKAY MOMHUBAMU, TH, [, — UHCIO TOJHUBOB CENBCKOXO3SIMCTBEHHBIX KYJIBTYD 3a
CC30H.
JAuamerpasibHblii radaput nakepa. MUHUMAIBHOS U MAaKCUMAJPHOSC 3HAUYCHHUC AUAMETPA Makepa
OTPEACISCTCS MO MPUBSASHHBIM (hopMyTam:
D, .. = (D, —S)—8. (5)

Mmin

D =D, +S;. (6)

Mmax CKj

rae D, — BHYTPEHHHH JHAMETP THIOPA3MEPHOTO psifa 0OCATHBIX TPYO CKBAKHH, MCTIOJb3YEMBIX IS
BOJOCHAOKECHUS M METHOPALMU, MM; S; — OTKJIOHEHHE OT CPEJHEr0 AMAMETpa THIOpasMepa oOcamaHBIX
Tpy©O (mo pacuery S; = 3,3 MM), MM; § — MHUHIUMAQJIBHBIH 3a30p, 00€CHEUHBAIOIMNX GE30IaCHOCTD CITyCKO-
MOABEMHBIX PA0OT (1o HamuM npopadbotkam 6 = 4-6 MM), MM.

BuyTpenHnue auameTps1 0TBOAHOrO TPyGonposoaa d,,,, n tuameTpa npoxoaHoro cevenus d, na-
KePHOI0 rHAPABJIHYECKOr0 yCTpoiicTBa ¢ 3:keKTopoM. Onpeaesarorcs mo GhopMyaam:

_ [4Qmy
dmp - 7"-"19mp (7)
1
¢ 2
do= R ®)

I a D

e d,,, — BHyTPEHHHUI JHAMETP OTBOJHOTO TPyOOmpoBoaa, M; @y — Moja4a HaCOCHOH yCTaHOBKH, M/c;
Uyyp — PEKOMEHTYEMAs CKOPOCTb B HAamOpHOM TpyGompoBoae (U,,,=1,1 m/c); Ay, Ay — KOIQOULIEEHTHI
TPEHHUs BOIB! B 00CATHBIX TPyOax CKBXKHHBI M B OTBOJHOM TpyOomnpoBoae; {, — K03 PUIHECHT MECTHBIX
CONPOTHUBJICHUI B IAKEPE.

IMoTpe6HbIii Hamop morpyskHoOro 3jekTpoHacoca H, m Bo3moskHas BbicoTa Bogomoabema H.
Hanop norpyxkHoro snmextponacoca Hp u BO3MoOkHas BeicoTa BomomoabemMa H mpu onrmmanbHBIX
pekuMax padoTHl HACOCA, MMPH KOTOPHIX YPABHCHUE XaPAKTCPHCTHKH BOJOTNOIBEMHOM CETH COBMAIACT C
XapaKTEPUCTUKON HAcOCa, ONPEACTSIOTCS 0 MPHUBEAEHHBIM (hOpMyIam:

H, =H+XL  hep s )
H 92 92
?:1hwn:ACK'D_0K'E+€n'£+(mp oy +2() _: (10)

Hy— 2 (zn - ds e )

1
5
Dy

H= : an

2
1+8QH3g’ Ao

rae H,, H — Hanop morpy:»Horo 31eKTPOHACOCA H BHICOTA BOAOMOABEMA, M; X1 h,, — oOIue notepu
Hanopa npu 6ecTpyOHOM BOAOMOABEME, M; Ay, A,y — KOIDGHUUMCHTBI TPEHHS BOABL B OOCAAHBIX TPY-
0ax CKBXHMHEI H B OTBOJHOM TpyOomposoae; (, — Ko (HUIMECHT MECTHBIX CONPOTUBICHHH B MAKEPE;
Y, { — cymma ko3 HIMCHTOB MECTHBIX COIPOTHBICHHH B OTBOAHOM Tpybomposoxe; D.,do,d:, ds

BHYTPCHHHC IUAMETPBI OOCAIHBIX TPYO CKBAXKHUHBI, OCCBOTO OTBEPCTHS MAKEPa, OTBOAHOTO (BOJO-
NOABEMHOT0) TPYOOTPOBOJA M HATHETATEIBPHOTO Marpybka Hacoca, M; l,,, — JIHMHA OTBOAHOTO TPyGO-
nposoga, M; Qyy — MoJatua HACOCHOM YCTaHOBKH, ompexeisiercst mo popmyre (1), m/c; Qy — moxaua
TIOTPY>KHOTO 3JIEKTPOHACOCA, MPHHAMACTCS M3 €r0 XapaKTEPUCTUKH MO MPHHATHIM 3HAUYCHUAM H, , M/c;
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