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Pacuer ruipo3;1eBaTOPHON YCTAHOBKH IS OYMCTKH

BO/103200PHBIX CKBAKHH OT MECYAHBIX MPOOOK

B. B. UBameukun’

UBeJ‘IOpyCCKHﬁ HaIlMOHAJBHBIN TeXHUYeckuil yHuBepcuteT (MuHck, Pecrryonmka Benapycs)

© benopycckuil HAMOHAIBHBIN TeXHHYECKUH yHHBepcuTeT, 2015
Belarusian National Technical University, 2015

Pedepar. Ilpennoxena KOHCTPYKLUS THAPOIIEBATOPHON YCTAHOBKH IJISi OYMCTKH BOJ03a00PHBIX
CKBaXHMH OT IECUaHBIX MpoOok. PaccMoTpeHa rupapiudeckast cxeMa yCTaHOBKH, COIVIACHO KOTO-
poit Bojta U3 HAIOPHOTO Oaka MOAACTCST PAbOYUM HACOCOM B CKB)XKUHY IO JBYM INapauICIIbHBIM
TpyOONpOBOJaM: THAPOMOHUTOPHOMY C Pa3MBIBAIOLIMM HACAJKOM [N Pa3pyIleHUs IecuaHon
MpoOKH ¥ MOABOLIEMY TPYOOIPOBOIY, KOTOPBIH MOAKIIIOUEH K paboueMy COILy THIPO3IeBaTO-
pa, ComepIKaIlero BCachIBAIONINI U ITOJaroMnil TpyOOIIpoBOIBI A1 3a00pa THAPOCMECH U €€ yla-
JeHus u3 CKBaXUHbI. COCTaBIEHBI YPaBHEHHUS ABIKEHHUS XKMIKOCTHU IO MOABOASAIIEMY U THIPO-
MOHHTOPHOMY TPYOONpPOBOAAM, MONY4YEHBl BBIPAKEHUS U OMpPEAENCHUS] B HUX MOTPEOHBIX
HaropoB. Iy HaXOXKICHUS PacXO0B BOJBI B IIOABOJSAIIEM U THAPOMOHHTOPHOM TpyOOIpOBOIax
MIPE/UIOKEHO UCIIOIB30BATh rpaUuecKuil METO/, ITO3BOJITIONINI IIyTeM MOCTPOCHUS XapaKTepH-
CTHK Hacoca U TpyOOIpoBoIOB B KoopauHaTtax O—H HalWTH peXuMHYI0 ToUKy. [yis ompeaencHus
TI0JIE3HOH BBICOTHI MOABEMA, TIOAYU U Pa3MEpPOB THIPOINIEBATOPA MCIIOIB30BAIM yPaBHEHHE KO-
JIMYECTBA JBIDKECHHS C JOIYIIEHHEM O ITOCTOSHCTBE KOJMYECTBA ABIDKEHHMS JI0 U MOCIE CMEIINBa-
HHSI TIOTOKOB B TUjpoaneBaTope. C 1eblo OLEHKU MPOU3BOAUTETBHOCTH THPO3IEBATOPA MPELIONKe-
HBI 3aBUCHMOCTH I pacueTa MpOAODKUTENIBHOCTH YIATeHHUsI IeCYaHO! MPOOKH B 3aBUCHMOCTU OT
ee pa3MepoB M Pacxoja HHKEKTHpyeMoH >kuaKkocTd. [IpuBeneH npuMep pacdera napaMeTpoB THAPO-
9JIEBATOPHON YCTAHOBKY JUIS yAQJICHHS ITeCYaHOi NPOOKH B BOT03a00pHON CKBaXKUHE IITyOHHOM 41 M
u quaMerpoM 150 MM, ipoGypeHHo# B 1. Y3ina Msgenbckoro paiiona Mutckoit odnactu. Paborocmo-
COOHOCTD M3TOTOBJIEHHOTO M HCIBITAHHOTO B JIA0OPATOPHH OIBITHOTO 00pasla T'HApO3JIeBaTOPHON
YCTaHOBKH ObIia OXTBEPK/IEHA [P HATYPHBIX HCIBITAHUIX HA YKa3aHHOH CKBayKHHE.
IIpennoxkenHass MeToAMKa pacyeTa MapamMeTpoB T'MAPO3IEBATOPHOM yCTAaHOBKH IO3BONSET IMPU
3aaHHBIX TIIyOMHE M JAMaMeTpe CKBaKHHBI rpauyecKuM METOJ0M moxobpars pabouuii Hacoc,
JIMaMeTphl TTOABOJSAIIETO W THAPOMOHUTOPHOTO TPYOOIIPOBOJOB, a 3aTE€M PACCUUTATh pa3Mephl
CTPYHHOTO HAacoca-THIPOAJIEBATOPA M MOJAIOIIETO TPyOOIpoBOJa, MPOU3BECTH aHanu3 3ddex-
TUBHOCTH U MPOU3BOJUTEIBHOCTU paOOTHI yCTAHOBKU.

KnroueBble c10Ba: CKkBaXKHHa, ITecuanast mpoOKa, THIPOo3IeBaTop, pabounii Hacoc

Juasi nutupoBanus: MpBameukun, B. B. Pacuer ruaposneBaTopHOl yCTaHOBKH IJIsl OYMCTKU
BOJ103a00PHBIX CKBOKHH OT HecdaHbIX npobok / B. B. Uameukun // Ouepeemura. H3s. gvicuu.
yueb. 3aedenutl u suepe. 0bveounenuti CHI™. 2016. T. 59, Ne 1. C. 79-90

Hydraulic Elevator Installation Estimation
for the Water Source Well Sand-Pack Cleaning Up

V. V. Ivashechkin”

YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The article offers design of a hydraulic elevator installation for cleaning up water-source
wells of sand packs. It considerers the installation hydraulic circuit according to which the normal
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pump feeds the high-level tank water into the borehole through two parallel water lines. The water-jet
line with washing nozzle for destroying the sand-pack and the supply pipe-line coupled with
the operational nozzle of the hydraulic elevator containing the inlet and the supply pipelines for
respectively intaking the hydromixture and removing it from the well. The paper adduces equa-
tions for fluid motion in the supply and the water-jet pipelines and offers expressions for evaluat-
ing the required heads in them. For determining water flow in the supply and the water-jet pipe
lines the author proposes to employ graphical approach allowing finding the regime point in O—H
chart by means of building characteristics of the pump and the pipe-lines. For calculating the use-
ful vertical head, supply and dimensions of the hydraulic elevator the article employs the equation
of motion quantity with consistency admission of the motion quantity before and after mixing the
flows in the hydraulic elevator. The suggested correlations for evaluating the hydraulic elevator
efficiency determine the sand pack removal duration as function of its sizes and the ejected fluid
flow rate. A hydraulic-elevator installation parameters estimation example illustrates removing a
sand pack from a water-source borehole of 41 m deep and 150 mm diameter bored in the village of
Uzla of Myadelsk region, of Minsk oblast. The working efficiency of a manufactured and labora-
tory tested engineering prototype of the hydraulic elevator installation was acknowledged in actual
tests at the indicated borehole site. With application of graphical approach, the suggested for the
hydraulic elevator installation parameters calculation procedure allows selecting, with given depth
and the borehole diameter, the normal pump, diameters of the supply and the water-jet pipe lines.
After that, calculating dimensions of the jet pump — hydraulic elevator and the supply pipe line,
and performing analysis of efficiency and work out characteristics of the installation.

Keywords: borehole, sand pack, hydraulic elevator, normal pump
For citation: Ivashechkin V. V. (2016) Hydraulic Elevator Installation Estimation for the Water

Source Well Sand-Pack Cleaning Up. Energetika. Proc. CIS Higher Educ. Inst. and Power Eng.
Assoc. 59 (1), 79-90 (in Russian)

CHmwxkeHne nae0MTa CKBaKWH, BCKPBIBAIOIIMX BOJOHOCHBIE TI'PaBUHHO-
MeCYaHble OTJIOKEHUS, M BBIXOJI 3THX CKBaXUH M3 CTPOSI, KaK MTPABHIIO, BEI3BAHBI
KoJIbMaTariiei 1 rmeckopanueM. [lecok ocakmaeTcss B OTCTOMHUKE, 00pa3ys Tak
Ha3bIBAEMYIO TECYaHYI0 MPOOKY, YACTUYHO HJIM TOJHOCTBIO MEPEKPHIBAIOILYIO
¢bunpTp. [ ee W3BIEeUeHHS YalIe BCETO MPUMEHSIOT JKEIOHHUPOBAaHWE W dp-
mudTHyI0 Tmpokadky [1]. XKemonupoBaHme CKBaXHHBI TPeOyeT 3HAYMTEIHHBIX
TpyAo3aTpaT, KpoMe TOrO, MPH COpaCcHIBAHWW JKEIOHKH Ha TecHaHylo MpoOKy
B (pUIBTpE BO3HUKAIOT PACTATHBAIOIINE HATIPSIKEHHS, KOTOPBIE TIPU OCcTIabIeHUH
KOppO3ueil BOJOIPHUEMHOI TMOBEPXHOCTH MOTYT MPHUBECTH K €€ pa3pylIeHHIO.
[Tpumenenune 3pIUGTOB COMPIKEHO C UCIOIB30BAHUEM MOIIHBIX MEPEIBIKHBIX
KOMITPECCOPOB C MU3ETHHBIMU JBUTATEISIMA U KPAaHOBOTO OOOPYIOBAaHUS LIS
MOHTa)Ka-IeMOHTaXa 3paudTa, 9TO HE BCET/Ia SKOHOMUYHO TPH MPOKayKax He-
[TyOOKHX CKBaKHUH MaJIbIX THAMETPOB.

B ato0if ¢Bs13u npecTaBiseTcs MepCIeKTHBHBIM UCTIONB30BATh TSl YAAJICHUS
ITECYaHBIX MPOOOK HACOCHI-TUAPOIIEBATOPHI, CITIOCOOHBIE TIEPEKAUYNBATh ITYIIBITY
W 3arps3HeHHbIe XuAKocTH [2, 3]. TeopeTnueckue OCHOBBI PabOTHI CTPYHHBIX
HacocoB pazpaborans [1. H. Kamenesbim [4], E. A. Cokonoemm [5], JI. T'. Tlox-
Bup3oM [6], I'. H. CuzoBemm [7], b. @. Jlamaessim [8]. st apdexTuBHOTO ya-
JICHHUsI TEeCYaHBIX MPOOOK THIPO3JIEBATOPHASl YCTAHOBKA, MOMHUMO pabodero
Hacoca o CTpYHHBIM HacOCOM-THIPO3JIEBATOPOM, JOJKHA JOTOJIHUTENIBHO CO-
JepKaTh THAPOMOHUTOPHBIN TPyOOIIPOBO C HACaAKOM, 00ECTIEYHBAIOLINM pPa3-
MbIB TipoOkH. OTCYTCTBHE B JIUTEpPAType METOJIMK pacyera ImapameTpoB 1mojo0-
HBIX THAPO3JICBATOPHBIX YCTAHOBOK AJISi CKBaXMHHBIX YCIIOBUH, XapaKTepHU3y-
IOLIMXCSl MIMPOKUM Juana3oHoM TinyouH (10-250 M) U nuameTpoB CKBaXKHH
(100400 MM), cep>kUBaEcT UX MPUMEHEHHUE HA MPAKTHKE.
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[MosTOMY 1IETBIO WCCIIEOBAHUHN SIBJSLIACh pa3paboTKa METOJIUKH pacyera
napamMeTpoB THIPOAIIEBATOPHON YCTAHOBKH JUISI OYMCTKH BOJI03a0OPHBIX CKBa-
KUH OT IeCYaHbIX NpoOOK. PacueTHas cxema THIPO3JIEBATOPHON YCTaHOBKH
TIpeACTaBIeHa Ha puc. 1.

0
l — r "1 1
dl" Ql‘ Il dl'[’ QH
]
I'unpoMoHuTOpHBIH
TpyOOIIPOBO
TToaBoasmii
TpyOOIPOBOJ W
i X

[ ]
[+
:
=2
e
[
[ ]

Puc. 1. PacueTHas cxema THApPOINIEBATOPHON YCTaHOBKH

Fig. 1. Hydraulic elevator design diagram

Bopna nogaercs NOrpyHbIM HACOCOM U3 HAIIOPHOT'O pe3epByapa B THAPOMO-
HUTOPHBIA TPYOOIPOBOJ C MPOOKOBBIM KPAaHOM M Pa3MBIBAIOIIUM KOHHYECKUM
HAaCaJIKOM U B ITOJIBOJAIININ TPYOOIIPOBOA C aKTUBHBIM COILIOM I'MIpO3JIeBaTOpa.
CocTaBUM ypaBHEHHUS IBW)KEHHS KUAKOCTH MO MOABOASIIEMY U THAPOMOHH-
TOPHOMY TPyOOIpOBOIAM.

CoennnnM ypaBHeHueM /[l. bepnymnu cedenns 1-1 um 2-2, miaockocTh cpaB-
HeHus 0—0 Bo3bMEM Ha BBIXOIE U3 aKTUBHOI'O COILIA B CKBa)KUHE:

2 2
J2 b, | A,
zZ + + =z + + + ) hy, (1)
"pg 28 O pg 2g 2

rac z;, p;, vi— reOMCTPHUUICCKAasA BbICOTA, MbE3OMCETPUICCKOC NABJICHHUC U CKO-
POCTb ABUKCHHUA KUAKOCTU B I-M CECUCHUU COOTBCTCTBCHHO, Ol — KO3(1)(1)I/ILII/ICHT

KOpI/IOHI/ICEl; Px — IUIOTHOCTBH XUAKOCTH; ZhWn — HOTCpU HAIloOpa B MOABOI-

IeM TpyOOIIpOBO/IE.



B. B. Hsaweurxun
82 Pacuer ruznposneBaTopHOI YCTAaHOBKH [Tl OYMCTKH BOJI03a00PHBIX CKBAXKHH. ..

CoracHo puc. 1:

ZIZH+h’ ZZZO;plzpn.TpeG; VZZVc:_;vl:v = (2)
c (Dn
THE P, — TOTPEOHOE NABICHUE B TIOABOAALIEM TPYOOIPOBOE; Ve — CKOPOCTD

B BBIXOJHOM CEUEHHH COIUIA IUIOMAABI0 O Vi, On, ®; — CKOPOCTh, PACXO];
TUIOMIAlb CEYEHUS B IIOABOISIIEM TPYOOIIPOBOIE.
[Ibe30MeTprYeCcKOE NaBICHUE B CEUCHUH 2—2

P, =p,gh—h,,), (3)

rae hy, — MOHKCHNE JaBJICHUSA BO BCACBIBAIOIIEM MATPYOKE THAPOBIEBATOPA,
HMEFOIIEM COPOYICPKUBAIOIIYIO CETKY Ha BXOJIE, ITPH €Tro padoTe.

Purpes
TMocne BBO/IA 0603HAUECHN —— = H, o
Px&

JIYYUM BBIPAKCHUC UIA XaPAKTCPUCTUKU IMMOABOAAIICTO pr6OHp0BOI[a

u oactadoBku (2) u (3) B (1) mo-

(04% . (0A% :
H_ =—¢ """ _H_h + . 4
n.Tped 2g 2g hh.}l z hWn ( )

[ToTepu Hamopa thn B TIOZIBOISIIIIEM TPYOOMPOBO/JIE COCTaBAT
z th'l = th'l.M + hWﬂ.,ELﬂ —~ (Z}ZHOB + hﬂ.Cy)K + hCOH) + hwm:m =

2 2 2 2
v, () o ). v
2 +ltln ZZCHM 2 +ltln’
a 4

)

ZCHOB + Cn,cy)x _n2 + CCOH

CK

€ Mynns Munn — TTOTEPH HATIOPA HA MECTHBIX CONMPOTHBIICHUSAX W TIO JJTUHE,
Nross Puvcyss Meon B Croms Guicyss Ceon — MECTHBIE IOTEPU HAmopa U KO3()(GHIIMEHTHI
COTIPOTHBJICHUIA TPU TOBOpOTE TpyOompoBoaa Ha 90°, MOCTEIEHHOM CYXEHHH
TpyOOIpOBOAA HA MOAXO/IE K COILTY, BHIXOJE MOTOKA U3 COMJIa COOTBETCTBEHHO;
Vex — CKOPOCTh JIBIDKCHUSI TIOTOKA BO BXOJHOM CEYCHUM COILIA; i, — YJCIbHBIC
MIOTEpH HaIopa Ipu Temreparype BoAsl ¢, °C, M/M; [, — mIWHA TIOIBOISIICTO
TpyOOIpoBoAa, M.

Coenunum ypasaenuem /1. bepuymnu Buna (1) ceuenus 1'-1" u 2'-2'. OtHo-
CUTEINBHO 11ockocTH cpaBHeHus 0-0 (puc. 1) umeem:

Zl':H+h; ZZ'ZO; pl'zpr:rpcﬁ; VZ':vHac: ’Vl’:v =

3
TIE Prapes — HOTPEOHOE NABICHUE B HAYaJIbHOM CEYEHHUH T'MIPOMOHUTOPHOIO
TpYOOIIPOBOAA; Vi — PA3MBIBAIOIIAS] CKOPOCTHh B BHIXOJHOM CEUYCHUU KOHHUYC-
CKOT'0 HacaJKa MIOMAABI0 My, Vi, Or, O — CKOPOCTh, pACXO/l, IUIOUIAAb Ceue-
HUS B THAPOMOHHUTOPHOM TPyOOTIPOBO/IE.

[Ipe30MeTprUecKOe nmaBiicHHE B CEYCHHH 2'-2' TIpHHUMAEM py = pPygh.
[MoncraBuB mapamerpsl B ypaBHeHue JI. BepHymnm um BBeas o0o3HaueHHE
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Prapes/ Px€ = Hyapes, TOTyUHM HEOOXOJUMBIH Hamop B ceueHuu 1'—1" u BeIpaxke-
HUE JIJIs1 XapaKTEPUCTHKH MOABOISAIIEIO TPyOOIIpoBoIa

2 2

(0% oV
= L _H+Yh,. 7
r.Tped 2g 2g wr ( )

[ToTepu Hamopa thr B THAPOMOHHUTOPHOM TPYOOIIPOBOJIE

Z hWr = hWr.M + T.JU1 = (h3 + hﬂac) + hWr‘an =

; o v
—1 C, +C,.—— |+il = ——+il,
Zg Cs CH&C (02 1T ZCF.M zg T

Hac

(8)

A€ Awin, Awrgn — TIOTEPU HAIOPA B MECTHBIX COTPOTUBICHUSIX U TIO JJTUHE,
Ry Piac, Csy Ciae — TOTEpH Hamopa ¥ KO3 (UIMEHTH COMPOTUBJICHUS B MPOO-
KOBOM KpaHe W IPH BBIXOJIC U3 HACAJKa; /. — JJIMHA THIPOMOHUTOPHOTO TPYyOO-
poBoaa; (., — KO3 PUIHEHT MECTHOTO COPOTHBIICHHUS.

PaccmoTpum cxeMy cTpyiiHOTO Hacoca-ruapoaieBaTopa (puc. 2) [4].

BcacpiBaromas tpyOka

Pabouee commo  CmecurenbHas kamepa - [lomaromuii matpyook
TopnoBuHa / Huddysop

V,

R : .T\..___+¥:\T_._.___

’
( V3 Vi V3 V4

TomBopsmuii TpyoOTIpoBOI

Puc. 2. Cxema cTpyHHOT0 Hacoca-rupo3aeBaTopa

Fig. 2. Jet pump-hydraulic elevator diagram

B ciydyae MUHUMaIBHBIX IOTEPh SHEPTUU IIPU CMEIINBAHUU TOTOKOB IIOCTO-
SIHCTBO KOJINYECTBA JBMXKEHUS 10 U IIOCIIE CMEIIMBAHUS IIOTOKOB BBIPAXKAETCsI
ypaBHEHUEM [4]

Gy cosa, + G,v, cosa, =Gy, )

rae G,, G,, G3 — Bec MOAABAaEMOM, UHXKEKTUPYEMOU XKUAKOCTEH U KUIAKOCTH
B CMECHUTEIBHOU KaMepe COOTBETCTBEHHO; Vi, V,, V3 — OCPEAHECHHBIE CKOPOCTH
(TI0 KOMMYECTBY MBIKEHUA): HAa CPE3e COIUIA, HHKEKTUPYEMOTO ITOTOKA M TIOTO-
Ka B CMECUTEJIBHOU Kamepe; oy, Olp — YIIIbl MEKIY BEKTOpPaMU CKOPOCTH MOJaBa-
€MOT0, MHPKEKTHPYEMOTO TIOTOKOB M HAaIPaBJIEHHEM OCHOBHOT'O ITOTOKA.

BecoBoit KOA(hGUIIMEHT WHXKEKIIMM — OTHOIICHUE BeCa WHXEKTHPYEMOI
KUIKOCTH K BECY >KUIKOCTH, MOJaBaEMOM U3 COILIa, PaBEH:

G V, ,
p=—2=buz_Pup (10)
G pH P

TA€ Pr. — IVIOTHOCTh MHXKEKTUPYEMOH >XKuAKocTH; V1, V> — 00beM mogaBaeMoit
U MHXEKTHPYEMOH KUAKOCTeH; ' — 00beMHBIN K03 (PUIHEHT HHKEKIIHH.
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Paznenus Beipakerue (9) Ha G| ¥ BBIpa3uB Vs, MOIYYUM:

_v+By
V3_—1+B . (11)

2
v

[Tonmxenue naBjaeHus B KaMEPE CMELICHUS: /i, =2—2(1+ ), rae & — xo-
g

3¢ (HUIMESHT MECTHOTO CONPOTHBIICHUS IPH BXOJE IOACACHIBAEMOTO IMOTOKA
B CMECHUTENBHYIO Kamepy. OTKy/ja CKOPOCTh HH)KEKTHPYEMOT0 TTOTOKA paBHA

2
v, ha28 (12)
1+¢,
CyMMapHBIii pacxo THAPOdJIEBaTOpa
0,=0+pQ, (13)

rae () — pacxoj pabodei KUIKOCTH.

HI/IaMeTp CMECHUTEIIbHOM KaMephbl d A {

3

CkopocTs B mojaromemM TpyoonpoBojie v, =—-, TIe (04 — IUIOIAAb IoIe-

(’04
PEYHOT0 CEUECHHUsI TIOAAI0NIETO TPYOOIPOBOIA:
[Tone3nas BeICOTA MTOABEMA BOABI [4]
2
V,
Hoon = 2= Ry =0=6) 5~ = Y (14)

rac p — OaBJICHUC, CO34aBACMOC T'MAPOIJICBATOPOM; thM — HOTCPU HaAIlopa

B TIOJIAIONIEM TPYOOIMpPOBOIE; C3 — KOAPDUIIMECHT, YIUTHIBAIOIIHNI TIOTEPH DHEP-
UM B CMECUTeNbHOM Kamepe u auddyzope, ¢z = 0,3 [4].

CoOTHOIIICHUS TEOMETPHUYECKUX Pa3MEpPOB THApo3JIeBaTopa [4]: minHa cMe-
CUTENHHOU KaMephl [, = 8ds; paccTosHNE IO TUIOCKOCTH Cpe3a HacaIKH OT Hada-
Ja cMecHuTeNnbHON Kameps! /' =1,5d,, tne d = d, (d. — nmuameTp corma); JUTHHA

nuddysopa [ =7(d, —d,), rae dy — IMaMeTp NOJAKOIIETO TPyOOMpPOBOIa.

IIpumep pacuera mapaMeTpoB rUIP0IJIeBATOPHOI YCTAHOBKHU

PaccunTaeM ruaposneBaTOpPHYIO YCTaHOBKY JAJISl YAAJCHHUS TECYaHOH Mpod-
KH 13 BOA03a00pHON CKBKHHBI TIIyonHON 41 M B 1. Y3712 Msaenbckoro paiioHa
Munckoit obmactu (puc. 3). [lryOnHa AMHAMHYECKOTO YPOBHS B CKBaKHHE NPH
pabote ruzaposnesaropa Z, = —34,0 M. BHyTpennuii tuamerp dunstpa dy = 0,15 M.
Paboumii Hacoc mMOTrpYyXHOW, CMOHTHPOBAaH B €MKOCTH, YCTaHOBIICHHOM
Ha HacellM mMaBwiboHA. [IpuHMMaeMm: moABoIAIMI TpyOompoBong — TpyOa
15 80 SDR 11-32%2,4 (d, = 0,027 m) mnuHO# [, = 43 M ¢ aKTUBHBIM COTLIOM
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d. = 7 MM; TUAPOMOHHUTOPHEIA TpyOompoBox — Tpyoa 19 80 SDR 11-20%2,0
(d. = 0,016 M) mymnHO# /. = 42 M ¢ pa3MBIBAIOIINM HACATKOM dy,c = 7 MM; TOJa-
fouuii Tpyoomnposog — tpyoa [13 80 SDR 17-50%3 (ds = 0,044 m).

Ilocmpoenue xapakxmepucmuxu noogoosuezo mpybonposooa. Kosbdumm-
€HT COTIPOTHUBJICHUS TTABHOTO CY>KEHUSI paBeH [9]

1Y | ’
—k|==1]| =0,25 ~1| =0,098,
Sy [g j (0,615 j

rae € — KodpUIMeHT cxxaTus CTpyH IPH MOCTEIICHHOM CY)KEHHWH TTOBOISIIC-
ro TpybonpoBoaa npu noaxoze k comuy, € = 0,615 npu d, = 0,027 M, deyx =
= 0,010 M; k£ — K03 UIHEHT CMITYEHUS IPU MMOCTENIEHHOM Cy)KeHuH, k = 0,25
IIpH yrie KoHycHocTH 20°.

+5.50
i E"_j'
Tlorpy#Hoil Hacoc -/H %
0.00 +1.00
T HApOMOHHTOPHBIH TpyOonpoBon
20x20 Toparoumkii TpyOon poBom
Togsommmuil Tpybonposon J32x24 J50x3
7LO/|\ A Ao =020 M
/|
Cr. yp.
=
=3
S
o
Il
34,00 :3 TunposneraTop
Jun. yp. |,

—41,00

Puc. 3. Cxema pa3MmenieHus 3J€MEHTOB YCTAaHOBKU HA CKBa)KUHE

Fig. 3. The installation units on the borehole layout

JInst coruta, BBITIOJIHGHHOTO B BHIE KOHHYECKH CXOJIIETOCsS HAcaaka IpH
yriaax KoHycHoctu 12°-15°, npunumanu Ceop = 0,1. Bosemem (o = 0,28 mns
TUIABHOTO TOBOPOTa Ha 90° 1JIsl OTHOIICHHS pajuyca 3aKpyTrJICHHUsI K JHaMETpy
R/d = 2 mepoxoBaroro TpybomnpoBoaa [9]. Torma cymmapHbiii KO3(QGHHUIIMESHT
COIPOTHBIICHUS

2 2

Z o o
CFAM = {ZCHDB + CH,CY}K Zn + CCOH ; j =

o o,

CK
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27 27*
=2-0,28+0,098 0,0 74 +0,09 0,0 74 =248.
0,010 0,007

s onpenenenus i, ipu ¢ = 10 °C ucnons3oBanu Tadnuis! [llesenesa [10].
TpeOyemblit Harop BeIYKCISUIN 110 Gopmydae (4) u, mpeHeOperas 3HaAYCHUEM /i, ,
CTPOMJIN XapaKTEePUCTHUKY IMOIBOISIIETO TpyOonpoBoaa (puc. 4, kpusas 2).

H, ™
480
440
400
360
320 1
280 L
240
200
160

1200130 4

H,=140 m

i 2 3 i
—40 0,3=2,121/c< Qz=321n/c
80+ Qiz=1211n/c 0,=2,0u/c

5 0, n/c

Puc. 4. XapakrepucTuku COBMECTHOI pabOThI HOTPYKHOT'O Hacoca 1 TpyOOIIpOBOIOB:
1 — xapaKTepuCTUKa THAPOMOHUTOPHOTO TPYOOIPOBOIa; 2 — TO XKe ITOJJAIOIIEro TPyOOIIpoBOAa;
3 — cymMMapHas XapaKTepHCTHKa TPyOOIIpOBOJIOB; 4 — XapaKTepHUCTHKa Hacoca

Fig. 4. Parameters of the submerged pump and manifold joint operation:
1 — characteristic of the water-jet pipe line; 2 — same for the supply pipeline;
3 — combined characteristic of the pipe lines; 4 — the pump characteristics

Iocmpoenue © xapakmepucmuxku — cUOPOMOHUMOPHO2O — MPYOONPOB8oId.
[Mpuanmaem: {; = 0,05 — 1 MOTHOCTBIO OTKPHITOrO MPOOKOBOTO Kpana [9],
Cuac = 0,09 — ISl KOHWYECKH CXOJSIIETOCS Hacajaka MpH YIiIaX KOHYCHOCTH
B =12°-15°, Torma

0,2-10°y
(0,038-107)

s

0)2
DG = (Cz +Cae Tj =0,05+0,09
()

Hac

Tpebyemsblii Hanop BbruucisieM mo Gopmyse (7) U CTPOUM XapaKTEPUCTHKY
THIPOMOHUTOpPHOTO TpybompoBona (puc. 4, KpuBas 2), Moily4yaeM CyMMapHYIO
XapaKkTepUCTUKY ABYX TpyOOmpoBonoB (KpuBas 3).

[Togbupaem morpyxuoit Hacoc DIIB 6-10-120 ¢ xapakTepucTtukou (Kpu-
Bas 4) U HaxoAMM paboune ToukH: 4 — mpu padoTe Hacoca Ha OJUH MOJIBOJS-
it Tpyoomnposon (H, = 140 m; O, = 2,12 11/c); B — To e Ha ABa TpyOOIPOBOaa
(Hz=120M; O3 =321 n/c; O13= 1,21 a/c; Q5= 2,00 11/c).
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Pacuer reOMECTPUYECCKHUX PasMEpPoOB ruapolJjieBaTopa

PaccmoTpum camblii HeOIaronpusATHBIN pacueTHBIM ciaydail (puc. 5): Hacoc
MOJaeT BOMIY B MOABOISAIINNA U THAPOMOHUTOPHBIA TPYOOIIPOBOIBI P TOJIHO-
CTBIO OTKPBITOH 3aJBIKKE B ITOcienHeM (padodast Touka B).

CornacHo puc. 4, pacxoj B moaBozsieM Tpyoomnposogae O = Oy = 2 j/c.
OmpenenseM 1o (2) CKOPOCTh HHKEKTUPYEMOTO IIOTOKA V,, IPUHUMASI OPUCHTH-

P .
pOBOYHO A, , ~2,0Mu & =0,1 [3]: v, = h28 - 22981 =6 (M/c).
1+, 1+0,1

OmnpenensieM BecoBoil koadduumeHT nxekuun f no popmyne (10), npuHss
o0bemHbIi Kodddurment umxekuun B’ =0,6: = hﬁ' = % -0,6=10,62.

CpenH;m CKOPOCTh CMCIIMBAIOMIUXCA ITOTOKOB B Hadali€ CMECHUTEIBHON Ka-

X

Mephl Ha OCHOBaHMWH BeIpakeHUs (11) cocTtaBuT

W :\/1-}-[31/2 :52+0,62-6:34’4 )
1+ 1+0,62

rac

0) 0,002
Vl = vC :—:—2
o, 0,785.0,007

C

=52 (m/c).

[Monaua ruapoanesaropa O, =0, +p'Q =2+0,6-2=3,2 (1/c).

4 4 :
JlnameTp CMECUTENBHOM KaMepel: d, = \/—(03 _ |4 _ [4-0.0052
i T, 3,14-34,4

~0,012 (m).

13,50 0u(Qp), Ho(Hy)

IMorpy>xHoii Hacoc ]E K 0 1
9BILI 6-10-120 ! +100
TunpoMoHHUTOPHEIH TPYOOTIPOBO \E
#2020
IoaBoasmuii Tpy6onposos J32x24
Ionarommit TpyGonposon Kamepa cMemenmis
50x3 = N
< Pabouee commo
(o]
[
3600 0 :
_ﬂ’ Jowyp| % b
i 1
-36,50.

Puc. 5. PacuerHas cxema ruipO3/1eBaTOPHON YCTaHOBKH

Fig. 5. Hydraulic elevator design diagram
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CKOpOCTh THAPOCMECH B IogarorieM TpybomnpoBoae (d; = 0,044 m)

3,2-10°
S__9 —=— -=2,1 (m/c).
o, 0,785d 0,785-0,044

v, =

[Totepu Hamopa B ogaromieM TpyOompoBoIe
2,17

b

2
> Iy = e + hyans =gmzv—4+i,lr -0,55 C+0.12:35=4.3 (),
g

7€ Mgy, Awann — TOTEPU HATIOPA HA MECTHBIX COMPOTUBJICHUAX U IO JUTHHE IIO-
natorero Tpybonposoaa; ¢, = 0,55 [9]; i, = 0,12 npu v4 = 2,1 m/c [10].
[Tone3nas BeICOTa MMOABEMA BOABI, coriacHo (14):

v 34, 4*
H =p- =(l-c)=>-h_ - =(1-0,3)—
noa p ZhW4 ( C.;3)2g 171 ZhW4 ( )29,81

—2-4,3=35,9 (m).

Tak kak H,, = 35,9 m > AZ = 35 M, To ruapodieBarop, paboras B caMoM
HEOIaronpusITHOM PEKHUME, CITOCOOEH TTOTHATH MECOK Ha TTOBEPXHOCTD.

PacuetHble pasmepnl ruapol3IeBaToOpa: IIMHA CMECUTEILHOW KaMephl [, =
=8d;=8-0,012 = 0,1 (M); paccTossHUE IO TUTOCKOCTH Cpe3a HACaJKH OT Havaja
cmecurenbHor kamepsl ' = 1,5d; = 1,5d.= 1,5 - 0,007 = 0,011 (m); anuna aud-
dbyzopal, =7 -(dy—d;)=7-(0,044 —0,012) = 0,23 (m).

Teopermueckuit KI1J] ruapoaneBaTopa — OTHOIIEHHUE TIOJE3HOW pabOTHI, CO-
3/1aBaeMOM THIPOIIEBATOPOM, K paboTe, 3aTpauyuBacMoi pabouuM HacocoM [4]:

v? 34,4
l—c)—=—— ,2-1(1-0,3)——-2

n= - 2 2
v, 52
an ol —n, 7. )
2g 2-9,81
T7i€ p; — AABJICHUE B IJIOCKOCTH BBIXOJIHOTO CEUCHHUSI HACAIKH.
JUIst OLIEHKH TIPOM3BOIUTENHHOCTH THAPOIJIEBATOPA OMPEICITAM TTPOIOIIKH-

TEeABHOCTh yHAleHHUs eCUaHOH NPOOKH TONIHMHOM /i, = 5 M B QHIBTPE AUAMET-
poMm dy =150 Mm.

=0,785-0,15*-5=0,09 (™).
Macca necka B necuanoit npooke M, . =p,.. V.. =1600-0,09 =144 (xr).

O6nem u3Biekaemoro niecka v, = 0,785d:h

nec

- 1,04 -1
o necka B MHKEKTUPYEMOM Iynble A4 = Pre “Pw _ .0 =0,024,
pTB - p)x 2’ 65 - 1
rae p,, — INIOTHOCTB ruapocMecy, p. = 1,04 T/,
Macca MHKEKTHpYeMOro mecka B | M IyIbmbl M, e =P A=

=2650-0,0242 = 64 (xr/™).
Teoperuueckasi MPOAOIKUTENBHOCTD YAAJICHUS eCYaHON TPOOKU
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M 144
t = L =32 (muH).

om0, 64-0,0012-60

B pesynbTaTe 1Mo mony4eHHBIM pa3MepaM ObLI CKOHCTPYMPOBAH U U3TOTOB-
JIeH THIPOAJIEBATOP, KOHCTPYKIIHSI KOTOPOTO MO3BOJISET PETYINPOBATH PacCTOs-
HUE OT BBIXOJHOTO CEYEHHUS aKTHBHOTO COIUIA J0 BXOAHOTO CEUEHHUS KaMephl
cmemienus. [IpoBenensr ero nabopatopHbie [3] u mosieBble ucmbiTanus [11]
B COCTaBE TUAPORIIEBATOPHON YCTAHOBKHM Ha CKBAKMHE B 1. Y311a Msaenbckoro
paiioHa, KOTOpBIE TOATBEPAIIH €10 d(H(PEKTUBHOCTS.

BBIBO/J]

Pazpaborana mMeToauka pacueTa THAPOAIIICBATOPHONW YCTAHOBKH I yHAAse-
HUS TIECUaHBIX MPOOOK U3 BOA03a0OpHBIX CKBAXKHH, COACpIKALICH CTPYHHBIN
HACOC-THIIPORJIEBATOP U TUAPOMOHUTOPHBINA TPYOOIPOBOJ C HACAAKOM, oOecrtie-
YMBAOLIMM pa3MbIB IlecuaHoil npoOku. IlpuBeneH npuMep pacuera napaMmeTpoB
yCTaHOBKHM. MeTOAMKa M03BOJISIET NIPH 3a1aHHBIX TIyOMHE U AMaMeTpe CKBaXKU-
HBI TpaUIECKUM METOJI0OM Moa00paTh paboumii HACOC, AUAMETPHI MTOJBOASIIIE-
ro U TUAPOMOHUTOPHOIO TPYOOIIPOBOIOB, a 3aTEM PACCUUTATh pa3Mephl CTPY-
HOT'O Hacoca-TUAPO3JIeBaTOPa U MOAAIOLIETO TPYOOIPOBOaa, IPOU3BECTH aHAIN3
3¢ dexTUBHOCTH pabOTHl YCTaHOBKH. PaccurTaHHas o npeanaraeMoil MeToAuKe
THIPO3JIeBaTOPHAS YCTAHOBKA MPOIIUIA UCTIBITAHUS B J1a0OPATOPHBIX H MOJIEBBIX
YCIIOBUSIX Ha CKBa)KMHE B . ¥Y31a Msienbckoro paiiona rinyounoi 41 M u aua-
MeTpoM 150 MM ¥ moATBEpAMIIa CBOK PA0OTOCIIOCOOHOCTD.
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