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AHOTAIIS

lyopux O.JI. IlinuiieHHsa e()eKTUBHOCTI BUKOPUCTAHHS BIAIICHTPOBUX HACOCIB
32 PpaxyHOK BJIOCKOHAJEHHS MAaTeMAaTHUYHUX MOJeNed poboyoro rmpoiecy. —
KBamidikariitna HaykoBa Ipailsi Ha MpaBax PyKOIHCY.

Hucepraiiss Ha 3700yTTS HAyKOBOTO CTYNEHS KaHAWAAaTa TEXHIYHUX HayK
(moxtopa dimocodii) 3a cmemiampHicTIO 05.05.17 «[igpaBniuni MamuHA —Ta
rigpornHeBmoarperatn» (133 — Tamy3eBe wMamuHOOymyBaHHs). — HarioHanbHMiA
TEXHIYHUM YHIBEPCUTET «XapKIBCbKUH MOMITEXHIYHUHN 1HCTUTYT», XapKiB, 2018.

Jucepraiito NPHUCBIYEHO BHPIMICHHIO BaXXJIMBOI HAyKOBO-TEXHIUHOI 3ajadi
MIJBUIIEHHS €(PEKTUBHOCTI POOOTH 3arMOHOTO EJIEKTPOBIAIIEHTPOBOIO Hacoca MpH
Horo po0oTI Ha peanbHIM PiIMHI, 10 NPEACTAaBIsAE€ COOOI0 B’SI3KOT HEHBIOTOHIBCHKOL
piAVHU, BOJIM Ta Ta3y, 32 paXyHOK BIOCKOHAJICHHS MaTeMAaTHYHUX MOJICTICH.

BukonaHo anaii3 KOHIENIIH PO3BUTKY HacocoOyayBaHHs B YKpaini. BuzHaueno,
10 OJTHUM 3 IEPCIEKTUBHUX HAMPAMKIB HAYKOBOT pOOOTH B JaH1i raty3l € MAaTEMaTUYHE
MOJICJIFOBAaHHSI POOOYHX MPOLIECIB Ta TEXHOJIOT 1.

[TokazaHo mepeBarv 4YMCEIbHOIO Ta MATEMAaTUYHOTO MOJICITIOBAHHS, OCOOJIMBOCTI
poOoYoro mpoiecy B KaHajax TiJpOMallMH 3 ypaxXyBaHHSM peajbHUX (AKTOPIB iX
excruryararii. [IpoananizoBaHO OCHOBHI HaIpsSMKHU 1 MIXOAU 10 MOJICIIOBAHHS TeUid
HBIOTOHIBCHKUX Ta HEHBIOTOHIBCHKUX PIUH Ta 0aratoa3HuX ra3opiIMHHUX CyMiIIeH.

Onucano  OCOONMBOCTI  eKCIulyaTallli ~ Ta  KOHCTPYKII  3arjJuOHHX
€JICKTPOBIILIEHTPOBUX HACOCIB, 0 TIPU3HAYEH1 ISl IEPEKAUYKH Tra30PIAUMHHUX CyMIIIEH.
Crnenudika KOHCTPYKIIIT HACOCIB JAHOTO TUIY BU3HAYA€ BIJAMIHHOCTI BiJl TOBEPXHEBUX
BIJILIGHTPOBUX HACOCIB MPU MaTEMaTUYHOMY MOJIEIIFOBAaHHI iX poO0UYOro MpoIiecy.

BusHnaueHo, mo Ha CHEPreTWYHI XapaKTEPUCTHKU HAcoca BIUIMBAIOTH Taki
dakTopu SIK KOHCTPYKIliE Hacoca, TJIMOMHA IMIJBICKM Ta BJIACTUBOCTI PIAWHM, IO
BIJIKAUYETHCSI.

BcTranoBneHo, 110 Taki MOKa3HUKW SIK OOBOJHEHICTh MPOYKIi, il B’S3KICTh Ta

HasIBHICTh BUIBHOT'O ra3y MOTIPUIYIOTh HE TUIHKM HAIMIpHY XapaKTEpPUCTUKY Hacoca, a i



2

€HEPreTUYHY, 3MILLYI0YH ITPHU [bOMY ONITUMYM B 00JIaCTh MEHIIIMX Moay. BussieHo, 1o
piAMHA 3MIHIOE CBOI PEOJIOTTUHI BIACTHBOCTI B 3aJICXKHOCTI Bil 00’ €MHOT /10J11 BOJIH.

BcranonieHo, 1o 17 mepepaxyHKy XapakTepUCTUK BIIIEHTPOBUX HACOCIB ICHYE
0arato METOJUK, ajie€ BOHU KOMIUJIEKCHO HE BPaXOBYIOTh PEOJIOTTYHI BIACTUBOCTI PIAMHU
Ta HAsSBHICTH Ta3y.

[TpoBeneno anami3 byrpeBarcrkoro pojoBuina. BusnaueHo HalOUTbII MOMIUPEHUMA
THUIT HACOCIB 31 mBHIKOX1aHICTIO 80-125.

OnucaHo MeTolM MaTeMaTHYHOTO MOJETIOBAaHHA TPUBUMIPHHX TeUiil B’SI3KOi
peanbHOI pIAMHU Ta iX mepeBard Haja (Pi3UYHUMHU ekcriepuMeHTaMu. OOpaHo maker
nporpam AJisi IPOBEJCHHS YMCEIbHOTO EKCIEPUMEHTY B KaHaJaX 3arfMOHMX HacoCiB
OpenFOAM, koTpuii 3aJ0BOJILHSE TOYHICTIO OTPUMAHUX PE3YyJIbTATIB Ta MPOCTOTOIO
BUKOpHUCTaHHA. TakoX BpaxoByBaBcs (akT, IO JaHWUW MAKET SABJISETHCS BIAKPUTUM.

JI1st MoieNTFOBaHHS Teuli pIAMHYU B TPOTOYHIN YaCTUHI HACOCAa BUKOPUCTOBYBAJIACH
cucreMa piBHSIHb Hepo3puBHOCTI Ta HaB’e-Ctokca. [1jis 11 3amukanHs 0yio oopaHo K-g
MOJIeJIh TYpOyJIEHTHOCTI.

Jnsa ampoGarrii naketry OpenFOAM Tta mozeni TypOyJaeHTHOCTI Oy MpOBEACHI
TECTOBI PO3PAXYHKU TPUBUMIPHOT Tedii B’SI3KO1 pITUHU B TPYOl 3MIHHOTO TIEPETUHY Ta B
MDKJIONIATEBOMY KaHajll poOoYoro KoJjieca Hacoca. Pe3ynbrath MNOPIBHIOBAIKNCH 3
naketoM Ansys CFX stud. ver., kotpuii 100pe cebe 3apeKOMEH/IyBaB IpU PO3paxyHKax
TypOOMAIIIH Ta BBAKAETHCS CTAHIAPTOM Tajy3i.

[IpoBeneHO 4YHCENbHUN EKCIIEpPUMEHT, J€ AOCHIKyBajllach Tedlsd pIOIUHU B
MIPOMIXKHIM CTYTICH]1 3arTMOHOTO €JIEKTPOBIAIIEHTPOBOTO Hacoca. [TobyoBaHo HamipHi Ta
CHepreTHYH1 XapaKTEPUCTUKHU, IO SIKICHO y3TOJKYIOThCS 3 MACIMOPTHUMHU JTaHUMHU, 110
71710 3MOTY OIIIHUTH MPaBUJIBLHICTh BUOOPY MOJIeT1 TYpOYJIEHTHOCTI, AKICTh MOOY/10BaHOT
CITKU Ta 3a/IaHHsI TPAHUYHUX YMOB. BHU3HAYEHO BIUIMB MIOPCTKOCTI TOBEPXOHB POOOUNX
OpraHiB Ha XapaKTePUCTHKHU HAacOCa.

JIOCDKEHO BIUIMB PEOJIOTIYHHMX BJIACTUBOCTEH HEHBIOTOHIBCHKUX PIAUH Ha
XapaKTePUCTHKH BiIIIEHTPOBOTO Hacoca. HaBemeHo MaTeMaTnyHy MOJIENb TYpOyIeHTHOT

TPUBUMIPHOI Teuii HEHBIOTOHIBCHKOI piauHu. s po3paxyHKIB 0OpaHO MOJECIb
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HEHBIOTOHIBCHKOI piauHu ['epmiens-bankmi, 1mo HaNHOIBII TOYHO OMUCYE IMOBEAIHKY
PIIVH TaHOTO THUITY.

OTpuMaHoO 1 MpoaHaIi30BaHO Bi3yalli3allilo MOTOKY B MPOTOYHIN YaCTHHI CTyNEHI
Hacoca. BcTaHOBiEHO, 10 NpU TMepeKayyBaHHI HEHBIOTOHIBCHKUX B’SI3KUX PIJIMH
BiIOYBa€ThCS 3MEHILICHHS BIAPUBHUX 30H MOTOKY. /laHuil (hakT MO3UTUBHO BIUIMBAE HA
HaIlipHI Ta €HEePreTUYHI XapaKTePUCTHKH Hacoca B IOPIBHSIHHI 13 HBIOTOHIBCHKUMU
pigmHaAMU Ti€l K B’S3KOCTI. 3ampoOIOHOBAHO ISl PO3paxyHKy uucia PeliHonbrca, 3
METOIO MOATBIIOTO MePEePaxyHKy XapaKTePUCTHK HA 1HITY B’ SI3KICTh, BUKOPUCTOBYBATH
HaWOLIBII parioHaabHy Ghopmyily, 3ampornonoBany Jlsmnkosum I1./1..

Busnadueno Ta o00paHO miaXig Ta MaTEeMaTHUYHY MOJENb JJIsI MOJEITIOBaHHS
TPUBUMIPHOT TeYil B’A3KOi Ta3opiAMHHOI CyMilll Ta TMOKa3aHl OCOOJUBOCTI MpHU
po3paxyHKax Takoro TUiy piauH B naketi OpenFOAM.

HagenieHo nopiBHSAHHS pO3paxyHKIB poOOUYOT0 KoJieca Ta CTYIEeHI Hacoca, 1110 Jajlo
3MOTy BUSBUTH B3a€EMHHI BIUTUB pOOOYMX OpraHiB MpU MepeKauyBaHHI T'a30pPiIUHHUX
cymimei. OTpumaHo KoeDilieHTH 1S IepepaxyHKy Hanopy npu 00’€MHOMY ra30BMICTI
B piauHi no 10%. BizyamizoBaHo KapTHHY Tedii, KOTpa BKa3y€e Ha IPAaBHIbHICTb
pO3paxyHKy, Ha 110 BKa3y€ MOPIBHSHHSA CTPYKTYPH Te€4ii TPUBUMIPHOTO PO3PAXYHKY H
MIBUAKICHOI (POTO3HOMKHU. 3a JOMOMOrOI0 MEPEPaxyHKOBUX Koe(]ilieHTIB MoOya0BaHi
HAIIPHI Ta EHEPreTHYHI XapaKTEePUCTUKH, [0 MOPIBHIOBAIKCS 3 €KCIIEPUMEHTATBHUMHU
naHuMu. BHaciiiok yoro po30iKHICTh ckazaia 3-5 %.

BusznaueHo, 110 po3UMHEHU Y B’A3K1i HEHbIOTOHIBCHKIN P1AMHI, Ma€ MO3UTUBHUN
BIUTMB HAa XapaKTEPUCTHUKUA HACOCA, a CaMe€ 3a PaXyHOK 3MEHIIEHHS B’S3KOCTI PIIUHU
BIIOYBAETHCS TMOKPAIICHHS HAIIPHUX Ta E€HEPreTUYHUX XapaKTePUCTUK, 3MIIICHHS
ONTUMYMY B 00JIaCTh OUIBIINUX TOJ1aY.

PosrasinyTo nuisxu migBUIeHHS €PEeKTUBHOCTI 3arTMOHUX HACOCIB MIUISIXOM 3MIHU
NPOTOYHOI YAaCTUHU. BU3HaueHO palllOHATBbHUN KYT HaxWily BHUXIJHOI KPOMKHU.
3anponoHoBaHO MOAM(IKOBaHY CTYMIHb HACOCA, KOTpa 3axHIleHAa MAaTEHTOM YKpaiHH,
JUISl TIEpEeKadyyBaHHS PIAWHU 3 MIJABUIIIEHUM BMICTOM Ta3y. JlOCHIIKEHO BIUIMB 3HATTS

MOKPUBHOTO JUCKY Ha XapaKTEPUCTUKH HAcOCa Ta AMCIEPralfiio ra3oBux Oyab0aliok.
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JIoCPKEHO OCHOBHI MPUHIIMIN «KOHIYHOI» 301pKM Hacoca Ta MPeJCTaBICHO
AJITOPUTM I 11 ONTUMAJIbHOI KOMIIOHOBKH.

PosrnsHyTo Ta BAOCKOHAIEHO MaTeMaTHUHY MOJIe]Ib CyMICHOT poOOTH 3arInOHOTO
BIJLEHTPOBOrO HAacoca y BHIVISAI MAaKeTa MNPUKIAAHUX nporpam. lle nmamo 3mory
BU3HAYaTH OCHOBHI  (I3UYHI XapakTEepPUCTUKU PIAMHA B 3aJEKHOCTI  BiA
TEpMOAMHAMIYHUX YMOB. lIpoBeneHo Bepudikaliio po3paxyHKOBUX Ta IMPOMHUCIOBUX
nanux. Po30ikHICTh ckiana He Ounbi sk 8 %. Lle gamo 3Mory mpaBuiIbHO Ta B CTHUCHI
CTPOKM BU3HAYUTH HANOUIBIN palioHajdbHYy TIMOMHY YCTaHOBKH Hacoca Ta JOCSTTH

MakcuMasibHO MokiuBoro KKJI mpu ioro cymicHii poO0OTi Ha pealibHii piauHi.

Knrouosi cnosa: 3arnmmbHuii Hacoc, poOode KOJEecOo, HaIpaBisSIOUMi amapar,
oOYHMCITIOBalIbHA TIIPOJIMHAMIKA, BOJOHA(TOBAa €MYIIbCis, Ta30piAMHHA CyMIIHI,

HaIIPHICTh, MOIU(IKOBaHA CTYIiHb, KOHIYHA 301pKa, MaTEMaTUYHA MOJIENb.
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ABSTRACT

Shudryk O.L. Increasing of efficiency of the use of centrifugal pumps by
perfection of mathematical models of working process. — The qualification scientific
work on the manuscript.

The dissertation for the degree of Candidate of Technical Sciences (Ph. D.) in
the specialty 05.05.17 «Hydraulic machines and hydropneumatic units» (133 —
Branch Engineering). — National Technical University «Kharkiv Polytechnic
Institute», Kharkiv, 2018.

Dissertation is devoted to the decision of important scientific and technical
task of increase of efficiency of compatible work of well and submersible electro-
centrifugal pump during his work on the real liquid that presents a mixture of oil,
water and gas by perfection of mathematical models.

The analysis of conceptions of development of power machine building is
executed in Ukraine. The regularities, that one of perspective scientific work
assignments there is a mathematical modeling of working processes and
technologies in this industry.

The numerical and mathematical design, feature of working process in the
channels of hydromashines taking into account the real factors of their exploitation
are shown. Basic directions and going are analyzed near the design of flows of
newtonian and non-newtonian liquids and multiphase gas-liquid mixtures are
analyzed.

The features of exploitation and construction of submersible electro-
centrifugal pumps are described, that the oils intended for the mechanized booty,
during their work in the real well. The specific of construction of pumps of this type
determines differences from superficial pumps at the mathematical modeling of their
working process.

It was determined that the pump power characteristics influenced by such

factors as the design of the pump, depth and suspension properties liquid pumped.
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Found that indicators such as watering product, its viscosity and the presence
of free gas pressurized degrade not only the characteristics of the pump, but also
energy, thus shifting the optimum region in less innings. Found that the fluid changes
its rheological properties depending on the volume fractions of water.

Determined that conversion characteristics of centrifugal pumps, there are
many methods, but they do not address the complex rheological properties of fluids
and the presence of gas.

Analysis Buhrevate field. The most common type of pump fleetness 80-125.

The methods of mathematical modeling of three-dimensional motion of a
viscous fluid and their real advantages over physical experiments. Chosen software
package for numerical experiment channels submersible pumps OpenFOAM, which
satisfies the accuracy of the results and ease of use. Also take into account the fact
that the package is opened.

To simulate fluid flow in the flow of the pump used system of equations of
continuity and Navier-Stokes equations. For its closure was selected k- turbulence
model.

For testing package OpenFOAM turbulence model and test calculations were
performed three-dimensional flow of viscous fluid in a tube of variable section and
mizhlopatevomu channel impeller pump. Results were compared with a package of
Ansys CFX stud. ver., which worked well in the calculation of turbomachinery and
Is considered the industry standard.

The numerical experiment, which studied the fluid flow in the intermediate
stage submersible pump. Built pressure and power characteristics in good agreement
with passport data, allowing us to evaluate the correct choice of turbulence model,
the quality of the constructed network and setting boundary conditions. The
influence of surface roughness on the characteristics of the working pump.

The influence of rheological properties of non-Newtonian fluids on the
characteristics of a centrifugal pump. The mathematical model of three-dimensional

turbulent flow of non-Newtonian fluids. For calculation model chosen Non-
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Newtonian Fluid Herschel-Bulkley that most accurately describes the behavior of
liquids of this type.

An analysis and visualization of flow in the flow rate of the pump. Found that
when pumping viscous non-Newtonian fluids decreases vouchers flow zones. This
fact positively affects the pressure pump and energy characteristics compared to the
same Newtonian fluids viscosity. A calculation Reynolds number for further
conversion into another viscosity characteristics, to use the most efficient formula
proposed Lyapkov P.D.

Defined and the approach and the mathematical model to simulate the three-
dimensional motion of a viscous gas-liquid mixture and features shown in the
calculation of this type of liquid in the package OpenFOAM.

The comparison calculation stage impeller and pump, which made it possible
to identify the mutual influence of working at pumping gas-liquid mixtures.
Coefficients for converting the pressure with a volume in fluid gas content to 10%.
Visualized flow pattern which indicates the correct calculation, as indicated by
comparing current three-dimensional structure and calculate speed photography.
With Recalculating factor built pressure and power characteristics were compared
with experimental data. As a result, said difference of 3-5%.

Determined that dissolved in viscous non-Newtonian fluid, has a positive
effect on the characteristics of the pump, namely by reducing the viscosity of the
fluid is improving pressure and power characteristics, optimum shift towards more
innings.

The ways of improving the efficiency of submersible pumps by changing the
flow part. Rational angle output edge. A modified level of the pump, which is
protected by patent of Ukraine for pumping liquids with a high content of gas. The
effect of removing the cover disk on the characteristics of the pump and dispersion
of gas bubbles.

The basic principles of «cone» pump assembly and presented its algorithm for

optimal layout.
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Examined and improved mathematical model of collaboration submersible
centrifugal pump as the application package. This made it possible to determine the
basic physical characteristics of the liquid, depending on the thermodynamic
conditions. A verification of settlement and industry data. The discrepancy was not
more than 8%. This enabled correctly and in a short time to determine the most
efficient pump installation depth and achieve maximum possible efficiency at its

joint work on a real fluid.

Keywords: submersible pump, impeller, guide vanes, computational fluid
dynamics, water-oil emulsion, gas-liquid mixture, assertiveness, modified stage,

cone assembly, mathematical model.
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