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CospmaHa TpéxMepHas MaTeMaThueckasi MOJesib TeUeHHsT paboueil XXUIKOCTU B TTOJIOCTH pabovero KoJjieca ucciemye-
Moro asnekTpoHacocHoro arperata (9HA). C nomombio CFD-pacuéra Ha HeckosibKuX pexnumax padborst DHA onpene-
JIeHa oceBasi CMJIa, JIeCTBYIOINIAs Ha paauaabHO-YIOPHBI MOAIMUITHUK. JloKa3aHa CXOAUMOCTb pe3yIbTaToOB, MOJYYeH-
HBIX C TTOMOLIBIO 3TOM MOJE/IH, C Pe3yIbTaTaMM HATYpHOI'o 3KcIiepuMeHTa. [TomydeHa 3aBUCUMOCTh KO3 PULIeHTa TOTOKA
SKMJIKOCTU B OCEBOM 3a30p€ OT PEXMMHBIX U KOHCTPYKTUBHBIX MapaMeTpoB DHA.

Knioueewie croea: 3neKTpOHACOCHBINM arperarT, KpblibuaTka, oceBas cwia, CFD-MonenmpoBaHue, MOAIIUITHUK.

Beenenne

B nocnenHue roabl ObLIM 3apeTUCTPUPOBAHBI
cllyuad HEMCITPABHOCTEM 3JIEKTPOHACOCHBIX arpera-
ToB (DHA), BeiBomstimx DHA 13 cTpost 1 TeM caMbIM
HapyliapIux paboTy CUCTEM TEPMOPETYIUPOBAHUS
(CTP) xocmuueckux anmnapatoB (KA). Pecypc u Ha-
neéxHocTh DHA B 3HaUMTENILHOM CTEIIEHU OIIPEIeIsi-
I0TCSI BpeMeHeM paboTOCIMOCOOHOCTU OIOpP POTOpa,
3(OEKTUBHOCTHIO YIIIOTHUTEJILHOW CUCTEMbI, Ha-
JIeXallUM PeXUMOM CMa3KM U oxJaxiaeHus [1, 3, 4,
6, 7]. Kaxk mpaBmio, yIUIOTHEHUS M OTIOPBI KOHCTPYK-
TUBHO CBSI3aHbI C MPOTOYHOM YaCThIO HACOCA U MEXITY
00011 TMAPaBINYECKHUM TPAKTOM, HEOOXOIMMBIM JIJISI
HOpMaJIbHOTO (DYHKIIMOHUpOBaHUs arperata. Hanbo-
Jiee BEpOSITHOU mpuumHOi oTkasza DHA cuuraercs
BO3HMKHOBEHUE MOBBIIIEHHOW OCEBOII HArpys3kw,
cliefoBaTebHO, U3YyUYeHUE TMAPOJAMHAMUKU TaKUX
BCITIOMOTaTeIbHbIX TUAPABIUUYECKHUX TPAKTOB SIBJISIET-
Cs1 BaXKHOM 3aaaydeii IJisl IpeaAnpusiTUil, paboTaromx
B JaHHO oTpaciu. B To ke BpeMsi COBpeMeHHbIe Me-
TOJbI MATEMATUUYECKOTO MOJICIMPOBAHUS TTO3BOJISIIOT
MPOTHO3UPOBATH BOBMOXHBIM 1Mana3oH U3MEHEHMUS
OCEBBIX CUJI C YYETOM KOHCTPYKTUBHO-TEXHOJIOTUYEC-
Kux (pakTOpoB Jaxke Ha 3Tame IPOSKTUPOBAHUS |3,
8, 11, 14].

CrtouT mpuHUMaTh BO BHUMaHUE, YTO JOBOJKA
OTAEJbHBIX 3JIEMEHTOB KOHCTPYKUMHU BBITJSAUT ro-
pa3no 3¢ GeKTUBHEE 3aMEHbBI 3TUX DJIEMEHTOB MJIN CH-

CTeMBbI B 1I€JIOM, TaK KaK 3aMeHa 3JIeMeHTa WU CU-
CTEMBI BeJeT K TTOBTOPHBIM PECYPCHBIM MCITBITAHM -
am [12, 13, 15, 16]. Ji1uTeabHOCTh OPOUTATBHOTO MO-
JieTa COBPEMEHHBIX KOCMUUECKHUX arnapaToB COCTaB-
JsieT oT 5 1o 15 jiet, a cnenoBaTebHO, U PECYPCHBIE
WCTIBITAHWS, TIPOBOISIIINECS IO BCEM TPeOOBaHUSIM
9KCIUTyaTallMOHHOU JOKYMEHTalluu, TakxKe TpeOyIoT
0O0JIBIIIOTO KOJMYECTBA BPEMEHU, KOTOPOE 3a4acTylo
MpeBbIIIaeT CPOKU, OTBEEHHbBIE B paMKax rocyaap-
CTBEHHOTI0 0OOPOHHOIrO 3aKa3a Ha MyCK KOCMUYeC-
KOro amrapara.

PacrnipocTtpaHeHHbIe METOAUKU pacueTa OCeBbIX
CUJI MOTYT TIPUMEHSIThCS B Y3KOM JMara3oHe rapa-
METPOB U He 00ecIeunBalOT HEOOXOAMMYIO TOUHOCTh
B 3ajJauax Takoro rjaHa. B Hacrosiiee BpeMst Beay-
e 3apyoekHble TPOU3BOAUTENN PAKETHOM TEXHU-
KM HAMHOTO IIUPE UCIIOJIb3YIOT UMCTEHHOE MOIEJIM -
pOBaHME TEUEHU raza MW XUJIKOCTU C MOMOIIbIO
MEeTOIa KOHTPOJIbHBIX 00BEMOB TSI TIPOCKTUPOBAHMST
U JOBOJKMW CBOUX U3JEIUI, HEXEJIU POCCUINCKUE
komrmaHuu [9, 10].

B mannoii pabore MpoBOAUTCS PACUET OCEBOI
CUJIbl Ha paavalbHO-YHNOPHBINA MOAIMITHUK DHA ¢
LIeJIbI0 TIOMCKA MPUUUH HEUCIIPABHOCTU IENCTBYIO-
mero uzaenus. st aToro Op1a co3naHa TpEXMepHas
MaTeMaThyeckasi MoJejb TeueHusl paboueit XXKuaKo-
ctu (P2K) B mosioctu pabouero KoJjieca ucciaeayemo-
ro OHA (puc. 1) [17, 19].
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Puc. 1. TeomeTpuueckasi u rugapoaruHaMudeckasi Mmojaesb uccieayemoro PK

Pacuér Hacoca

ITpouecc coznanus pacuétHoit CFD-monenu
BBITTOTHsICS B Tpu 3Ttamna [18, 20]. Ha mepBom 3Ta-
ne Obuta co3naHa 3D-Momenb KOHCTPYKTUBHBIX 3J1€-
MEHTOB, KOTOpas 3aTeM ObLTa TTpeobpa3zoBaHa B MO-
JIeJTb THIPOAMHAMWYECKUX TTOJIOCTEH ¢ MCIIOTh30Ba-
HueM OyJsieBbIX onepauuii. Ha BTopoM 3Tamne Ha 0a3ze
TeoOMeTPUUECKON MoIeNn OblIa TTOCTPOeHA CTPYKTY-
pUpPOBAaHHASI CETOYHAS MOJIENb ITyTEM CTPYKTYPHOM
JexoMmIto3ninu. Ha 3akTiounTe TbHOM 3Tare Mojy-
YyeHHasT ceTOYHash MOIETb OblIa OCHAIlleHa TpaHWY-
HBIMHU YCIIOBUSIMH (IaBJICHWE Ha BXOJE M MaCCOBBIN
pacxon Ha BBIXOJE), TTapaMeTpaMM pabodyero tejia u
JIPYTUMU TTapaMeTpaMyu MOACTUPOBAHMUS.

st pacuéra ObLI TPUMEHEH CTallMOHAPHbBIN pe-
KuM. BbriOpaHa Monenb TypOyJieHTHOCTH k-¢€. Tem-
JTOOOMEH CO CTeHKAaMM1 MOJEJIN He YUUTBIBAICS (M30-
TepMuyeckasi Mosiesb). B kauecTBe mapamMeTpoB 1o-
TOKa ObLIM 3alaHbl CBOMCTBA paboyeil XKUAKOCTU —
teruioHocutens JI3-TK-2. Bpamenune poropa 3aga-
BaJIOCH YIIPOIIEHHO — IO MO JIOKAJTLHOM Bpala-
foleiicst cucTeMbl KoopauHaT. CBsI3b Bpalalomeii-
¢S 30HBI paboUYero Kojeca co CTAaTUYHBIMM 30HAMU
CITMPATLHOTO COOPHUKA U TTOJIOCTH 3a30Pa BHITIOTHSI -
Jlach OIHUM uHTepdeiicom Tumna «Frozen Rotors. s
BBIYMCIIUTEIBHBIX MTPOLIEAYP ObUI UCIIONIb30BAH KJla-
crep O9BM mpousBomutenbHocTthio 3,1 TFLOPS.
Beimu mipoBeneHBI pacyEThl HECKOIBKUX PEXUMOB.
HMcxomHble maHHBIC U Pe3yIbTaThl pacyéTa MpuBeIe-
HbI B TabJ. 1.

M3 Tabauibl BUIHO, YTO TIPU OOJBIIUX pacxoaax
JIaBJICHNE Ha BBIXOAE OKA3bIBACTCST MEHBIIE JaBICHUS
3a IUCKOM. DTO MOXKET TOBOPHUTH O CPHIBE ITOTOKA B
00J1acTH CIIMPAIBLHOTO COOPHUKA MJIM BBIXOIHOTO
natpyoka, a MoXeT ObITb pacUE€THOM OIIMOKON, Mo-

3TOMY 0C000€ BHUMaHUE ObLIO YAEACHO BajluIallK
pacuyéTHOM MOMEIIH.

Bamupauus pacuérHoii Moaenu

JI1s1 BBITIOJTHEHUST BaIMJallMM PacyE€THON MoJe-
JI OBUIM TIPOBENECHBI CIIELIMATbHbIE TUAPOINHAMUYEC-
KMe UCIbITaHUS uccienyemoro DHA Ha moaroros-
JIEHHOM JJISI 9TOTO TUAPOCTEHIE, IIPU TPAHUYHBIX yC-
JIOBUSIX (pacxoj TeIJIOHOCUTEISI Ha BBIXOJIE M JaBJie-
HUe Ha BXOJIe), UJIECHTUUYHBIX YCIOBUSIM MOJEINPOBa-
HUSI.

Ha puc. 2 mpencraBieHo cpaBHEHUE pe3yIbTaTOB
9KCIEPUMEHTA, MOJIYYEHHBIX B pAMKaXx CIIeLIMaIbHBIX
WCHBITAHW, C JAHHBIMY MaTeMaTUUEeCKOTO MOJIE/IN-
pOBaHUsI.

Ha rpadukax BUIHO, 4TO XapakTep M3MEHEHUS
JIaBJICHUST B pa3IMYHBLIX 00JIACTSIX, B TOM YMCJIE U B
00J1aCTH TIPEAII0JIaTaeMOr0 CPhIBA IMIOTOKA, COBITAIACT,
MPU 3TOM IOrPEIIHOCTh He MpeBbIaeT 3%. D10
MO3BOJISIET CYUTATh UCIIOJIb3YEMYIO MaTeMaTUIECKYIO
MOJIEJIb aleKBaTHOM 1 B JaJIbHEHIIIEM UCCIIETOBAHNM
onupartbcsd Ha pe3yabTrathl CFD-MonennpoBanus.

Pacuér oceBoii cuibl

B ucciienyeMoM KoJjiece TTOTyOTKPBITOTO TUTTA W3-
3a OTCYTCTBUSI CHUMMETPHUU €T0 OTHOCUTEIBHO TIOC-
KOCTH, TIepPIEeHANKYISIPHON OCU BpallleHUsI, BO3HU-
KaeT HeypaBHOBEIIIEHHAsT oceBas CUJjia, HarpaBJieH-
Hasl 110 OCH BpallleHMsI B CTOPOHY BXoza B KoJyieco [2].
Ocesas cuna F, cKIaabIBAETCS U3 IBYX COCTABJIAIO-
IIMX: CUJIbI, EWCTBYIOIIEN CO CTOPOHEI BXxoaa F, , u
CHJIBL, [IEACTBYIOLLE CO CTOPOHBI OCEBOTO 3a30pa F, .
CornacHo [2], u3MeHeHrEe CUJIBI JaBJIEHUS B OCEBOM
3a30pe 10 paguycy AUCKa TMOTYMHSIETCS mapaboim-
YeCKOMY 3aKOHY:
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Tabauya 1
Ucxoanbie nannbie u pesyiabtatel CFD-pacuéra

Yacrora Bpamenus, | Pacxon,| JlaeneHue HagneHue Hasnenue 3a Hasnenne
00/MuH cM3/c | Ha Bxoge, klla Ha BeIxoje, kIla nuckoM, kIla | Ha nepudepun, klla
5000 0 21,000 72,96 48,93 52,52
5000 61 20,000 73,12 46,24 49,16
5000 122 18,000 69,38 43,39 46,47
5000 182 14,000 56,49 38,62 41,53
5000 236 10,000 22,97 33,02 36,24
5900 0 21,000 99,52 58,21 63,03
5900 59 20,000 95,31 56,81 60,89
5900 122 18,000 89,24 53,74 57,75
5900 184 14,000 81,23 49,17 53,20
5900 239 10,000 49,55 43,53 47,73
5900 277 6,000 23,99 38,22 42,64
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Puc. 2. CpaBHeHI/IG PE3YJIbTAaTOB WUCITBITAHUA C pe3yjbTaTaMM MaTEMAaTNYCCKOIo MOACIMPOBaAHUA
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rone ¢ — KOZ—)(I)(I)I/IHI/ICHT IT0TOKA KNMJAKOCTHU B OCEBOM

3a30pe, KOTOPHIM 3aBMCHUT OT KOHCTPYKTUBHBIX U
PEXXUMHBIX TTapaMeTpOB Hacoca U uaMeHsiercst ot 0,5
111 6e3pacxomgHoro TeueHus no 0,76 pu pacXomHOM
TEYECHUM OT Tepudepru K LIEHTPY B BUIE yTeueK
paboueii XXMIKOCTH;

P, — naBieHue, IEACTBYIONIEE Ha BTYJIKY CO CTO-
POHBI JVCKA.

Kax BugHOo u3 opmyinl (1), cuna, neficTByrolas
CO CTOPOHBI OCEBOTO 3a30pa, 3aBUCHT OT KO3 dDuIm-
eHTa TTOTOKa XUIKOCTA B OCeBOM 3a3ope ¢ . OmHa-
KO peKOMEHIAIWIA, TIPEIIOKEHHBIX TSI €T0 BHIOOpa
B M3BECTHBIX Ha JAHHBI MOMEHT MCTOYHMKAX, HE-
JIOCTAaTOYHO JUTSI KOPPEKTHOTO OTIPEACICHUST OCEBOI
cuibl. st onipeneneHust © ypaBHeHue (1) ObL10 TIpe-
00pa30BaHO K BUIY:
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IMToncrasnss B ¢hopmyay (3) pe3yabTaThl pacyeT-
HOI Mojeu, TojyyaeM 3HauyeHUs1 Koa(pPUIueHTOB
@ IS BCEX PEXXMUMOB MCITBITAHUIA.

g moaydeHus HaTISIIHON 3aBUCHUMOCTH KO3(D-
dummeHTa @ OT PeXKUMHBIX 1 KOHCTPYKTUBHBIX ITa-
paMeTpoB OBLI MpOBencH monojHuTeabHbIii CFD-
pacyeT pas3uMuyHbIX pexumMoB padborel DHA, HO 6e3
HCITBITAHUN Ha TUAPOCTEHIE, TAaK KaK CXOAUMOCTH
pacu€THOM MoOAesb yXe Oblia moka3aHa. [lormosHu-
TeJbHBIE PEeXUMBI BEIOMPATNCh U3 YCIOBHS TTOJTyUe-
HUS 3aBUCUMOCTU Koo duinmeHra @ ot pacxoma P2K
Q, 9acTOTHI BpalllcHUS Bajla W AUaMeTpa pa3rpy-
309HBIX OTBepcTuit d. [losydyeHHBIE 3aBUCUMOCTHU
MpeacTaBieHbl Ha puc. 3—S5.

M3 rpaukoB BUAHO, 4TO KO(MD(GULMEHT @ OYeHb
MaJIO 3aBHCHUT OT PEKUMHBIX ITapaMeTPOB U B OOJTb-
IIeil cTeleHN — OT KOHCTPYKTUBHBIX, a TOUHEE OT
IraMeTpa pa3rpy309HbBIX OTBepcTHit. OUeBMIHO TaK-
Xe, 9YTO AWara3oH U3MEHEeHUS 3TOro ITapamMeTpa To-
pa3mo mmpe, YeM YKa3aHo B UICTOYHUKE [2], ocCHOBaH-
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HOM MCKJIIOUMUTEJIbHO Ha 3KCMEePUMEHTAIbHbIX JaH-
HBIX, KOTOpPbI€ CKYIIbI B CHJIY CJOXXHOCTU KOHCTPYK-
uun DHA M, Kak cienctsue, 3aTpyIHEHHOCTHU pas-
MeEIEHUsI UBMEPUTEJIbHBIX YCTPOMCTB B UCCIEAYEMbBIX
MOJIOCTSIX.

BriBoabl

C nomolbo MaTeMaTUUYECKOTO MOAEIUPOBAHUS
(CFD-mopenupoBaHusi) ObLIM MOJYYEHBI YTOUHEH-
Hble JaHHbIE 3aBUCUMOCTU KO3 UIlMeHTa MOTOKa
KUAKOCTU B OCEBOM 3a30p€ OT KOHCTPYKTUBHBIX U
peXUMHBIX mapameTpoB DHA. DT0 Mo3BOJUT TOUHEE
U IpaBWIbHEE ONPEIESATh OCEBYIO CUTY, BOZHUKAIO-
1IYI0 B 2JEKTPOHACOCHOM arperare euie Ha CTaiuu
MPOEKTUPOBAHMS, YTO B CBOIO OYEpEIb YBEIUUYUT
pecypc u HaagxHocTh CTP, a 3HaunT, 1 KocMuuec-
KOro amrapara B LEJOM.
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Abstract

In the last few years the problems emerge in
electrically driven pump unit (EDPU), which disrupt
operation of the spacecraft thermo-regulating system
(TRS) and disabling EDPU. The EDPU service life
and operability depend greatly on the operability of
rotor supports, sealing system efficiency, and required
lubricating and cooling mode. As a rule, seals and
supports are connected with the pump flowing part,
and they are connected between each other by the
hydraulic path, necessary for the unit normal
operation. Large axial loading occurrence is considered
the most probable cause of the EDPU failure. Thus,
studying hydrodynamics of such auxiliary hydraulic
paths is the paramount objective for the enterprises
working in this field. For these problems solving, a 3D
mathematical model of the working fluid flow in the
impeller cavity of the EDPU being studied was
developed.

To validate the computational model, hydraulic
test bench was assembled, and special hydrodynamic
tests of the EDPU under study were performed. The
pressure changing behavior in various areas obtained
by the tests coincides with the CFX computation, and
the error does not exceed 3%.

The pressure force change in the axial clearance
along the radius submits to the parabolic law, in which
the liquid flux coefficient in the axial clearance ¢
plays an important part. It depends upon the structural
and operating parameters of the pump and changes
from 0.5 for the lossless flow to 0.76 with expendable
flow from periphery to the center in the form of the
working fluid leakages. The force acting from the axial
clearance side depends on the ¢ coefficient, though
the suggested recommendations are not enough for
correct axial force determining,

To determine the fluid flow rate in the axial
clearance, the axial force, obtained with software
complex, was being used. The values of the ©
coefficient were obtained this way for all modes, tested
with the hydraulic test bench. Additional calculations

of the EDPU various working modes were performed
for the livid illustration of the way the coefficient @
depends on the structural and operating parameters,
but without test bench testing since the computational
model convergence has been already proved.

The obtained dependencies demonstrate that the
¢ coefficient depends weakly on the operating
parameters, and to the greater extent it depends on
structural ones, and more specifically, on the discharge
openings diameter. In addition, the range of this
parameter changes is wider than it is pointed in the
source based on the experimental data, which cannot
be always determined precisely due to the structure
complexity, and, as a consequence, complex access
of measuring devices to the EDPU areas of interest.

Keywords: electrically driven pump unit, impeller,
axial force, CFD modeling, bearing.

References

1. Belousov A.l., Ivanov A.l. Raschet osevykh sil,
deistvuyushchikh v turbomashinakh (Calculation of axial
forces acting in turbo-machines), Kishinev,
Kuibyshevskii aviatsionnyi institut, 1981, 81 p.

2. Kraev M.V., Lukin V.A., Ovsyannikov B.V.
Maloraskhodnye nasosy aviatsionnykh i kosmicheskikh
sistem (Low flow rate pumps for aviation and space
systems), Moscow, Mashinostroenie, 1985, 128 p.

3. Zimnitskii V.A., Kaplun A.V., Papir A.N., Umov V.A.
Lopastnye nasosy. Spravochnik (Vane pumps: a reference
book), Leningrad, Mashinostroenie, 1986, 334 p.

4. Belousov A.l. Konstruktivnye i silovye skhemy
turbomashin dvigatelei letatel’nykh apparatov (Structural
and power schemes of aircraft engines turbo-machines),
Kishinev, Kuibyshevskii aviatsionnyi institut, 1988,
92 p.

5. Matveev V.N., Shablii L.S., Krivtsov A.V., Zubanov
V.M., Ivanov A.I., Kositsyn I.P., Baturin N.V. Vestnik
Samarskogo universiteta. Aerokosmicheskaya tekhnika,
tekhnologii i mashinostroenie, 2016, vol. 15, no. 4,
pp. 102-113. DOI: 10.18287/2541-7533-2016-15-4-
102-113

BecTHUK MOCKOBCKOTO aBHallMOHHOrO MHCTUTyTa. T.27. Ne2




Tennoevie, anekmpopakemubie 0ueamenu U IHEP2OYCMaHo8KU
AemamenbHuiX annapamos

Thermal engines, electric propulsion and power
plants for flying vehicles

10.

11.

12.

13.

14.

Kraeva E.M. Energy parameters of high-speed pumps
of low flow. Aerospace MAI Journal, 2011, vol. 18,
no. 3, pp. 104-109.

Kuchkin A.G., Kuznetsov E.V. Vestnik Sibirskogo
gosudarstvennogo aerokosmicheskogo universiteta im.
akademika M.F. Reshetneva, 2003, no. 4, pp. 188-196.
Nazarov V.P., Yatsunenko V.G., Kolomentsev A.I.
Constructive and technological factors of stability of
energy parameters in turbopump assemblies of rocket
engines. Aerospace MAI Journal, 2014, vol. 21, no 5,
pp. 101-105.

Sedach B.C. Izvestiya vysshikh uchebnykh zavedenii.
Energetika, 1961, no. 4, pp. 66-73.

Sedach B.C., Nespela A.N. Izvestiya vysshikh uchebnykh
zavedenii. Energetika, 1959, no. 11, pp. 115-122.
Senoo Yu., Khaiami X. Teoreticheskie osnovy
inzhenernykh raschetov, 1976, no. 2, pp. 151-158.
Smoldyrev A.E., Safonov Yu.K. Truboprovodnyi
transport kontsentrirovannykh gidrosmesei (Pipeline
transportation of concentrated hydraulic mixtures),
Moscow, Mashinostroenie, 1973, 208 p.

Tsaplin M.1. [Inzhenerno-fizicheskii zhurnal, 1974,
vol. 26, no. 4, pp. 611-617.

Shablii L.S. Inzhenerno-tekhnicheskii zhurnal “ANSYS
Adventage. Russkaya redaktsiya”, 2008, no. 9, pp. 36-37.

15.
16.

20.

Shershneva A.N. Teploenergetika, 1965, no. 9, pp. 80-83.
Belousov A.I., Sedel’nikov A.V. Problems in formation
and control of a required microacceleration level at
spacecraft design, tests, and operation. Russian
Aeronautics, 2014, vol. 57, no. 2, pp. 111-117. DOI:
10.3103/S1068799814020019

Egorychev V.S., Ryazanov A.I. A method of design
calculation for the two-component jet-jet gas nozzle
with outer mixing. Russian Aeronautics, 2016, vol. 59,
no. 4, pp 619—622. DOI: 10.3103/S1068799816040280
Shabliy L., Cherniaev A. Optimization of gas turbine
compressor blade parameters for gas-dynamic efficiency
under strength constraints. 4th International Conference
on Simulation and Modeling Methodologies, Technologies
and Applications (SIMULTECH, 28-30 August 2014,
Vienna, Austria, Austria), pp. 523-528. DOI: 10.5220/
0004994905230528

Vaulin S.D., Vaulina O.S., Salich V.L., Shchipitsyn
A.G. Izvestiya Rossiiskoi akademii nauk. Energetika,
2005, no. 1, pp. 101—109.

Zubanov V.M., Shabliy L.S., Krivcov A.V. Rational
technique for multistage centrifugal pump CFD-
modeling. ASME Turbo Expo 2015: Turbine Technical
Conference and Exposition (15— 19 June 2015, Montreal,
Quebec, Canada). Vol. 2B. Paper No. GT2015-42070,
V02BT39A003; 9 pages. DOI: 10.1115/GT201542070

BecTHuK MOCKOBCKOTro aBMallMOHHOro MHcTUTyTa. T.27. Ne2




