S.A. Gorovoy, G.S. Golovchenko The calculation of ebbiciency of the turbopump unit system
axle automatik bolance

The calculation of ebbiciency and characteristics of the turbopump unit is expedient to conduct
byinterpolation methods using the known characteristics of the working stage of the unit and defining the
external enerqy losses. lhe necessary condition is the fulfillment of power balance of the turbine and pump
parts taking into consideration the external enerqgy losses.

The gidroprivodni turbopump aggregates (TNA) of liquid are designed as multi-stage hydraulic
machines with the powerful system of the force. Thus financial viability of their use needs achievement of
high k.k.0., the main constituent of which is created maximally possible external by volume k.k.0. due to
planning statically of the proof system of the force with the minimum possible sources of working liquid.
Calculation of general k.k.0. It is expedient to conduct TNA the method of progressive approximations with
implementation of necessary condition of balance of powers of turbine and pumping parts taking into account
the external losses of energy.

Gidroprivodni turbopump aggregates (TNA) are widely enough used in different technological
processes, namely wherein small diametral sizes and possibility of self-regulation are needed. Thus in every
case the specific requirements are taken into account to the structural parameters of TNA and on the use of
some materials for the workings organs of running part of aggregates, unchanging is only general physical
approach, when a rotatory moment created the turbine block of TNA is a drive for a forebody which executes
useful work proper to the place of application of setting.

TNA of liquid are specific characteristics, coming from external in the hydraulic network of the system
of maintenance of pressure environments.

For the first, these aggregates are executed the limited external diameter, coming from the internal
sizes of obcadHux pipes of 8odoeiHHOI ckeaxuHu; for the second, they must create considerable hydraulic
pressures for raising of liquid on a surface and transporting for the networks of pipes to story pesepgyapa.

Transporting of liquid to the place of consumption is accompanied the losses of energy liquids which
are predetermined both internal and external factors of this process. Considerable part of these losses is
made by external mechanical losses. The methods of determination of these losses are thoroughly
expounded in works. It follows only to notice that these losses proportional the third degree frequencies of
rotation of rotor of TNA, consequently, taking into account very considerable frequencies of rotation, and it
five — ten thousand turns for a minute, can arrive at ten of kilowatts.

Calculation of general k.Kk.0. it is expedient to conduct by progressive approximations with the use of
the known descriptions of workings degrees of pumping and turbine parts of TNA.

Keywords. Turbopump aggregate, chempump, rotor of pump, gap seal, coil of liquid, pressure of
liquid, hydrodynamic forces.
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YOK 621.65
OUIHOYHUW TAPABIIYHUA PO3PAXYHOK CUNOBUX MOMEHTIB LUMAPUHHOIO YLWINIbHEHHA

C. O. N'opoBun, JoLeHT
CymcbKull HayioHanbHUU agpapHUl yHisepcumem

lidpoduHamiyHi MomeHmMu padiaflbHUX ma Kymogux 2i0poOuHaMiYHUX Cusl 8 WNapUHHOMY YU,iibHEHHI
8i0UEeHmMpPoB8o20 Hacoca Marompe 6MIU8 Ha OUHaMIYHi XxapakmepucmuKku azpeeama y eunadky 30iliCHEeHHS
pomopom Hacoca cymicHUX padianbHO-Kymosux KonueaHb. Kymosi MomeHmu € ¢hyHKUiSMU Kymig nogopomy
pomopa 8 yWiNbHEHHI.

Knro4doei cnoea. BidueHmposuli Hacoc, wnapuHHe yWinbHEeHHS, 0nopa-yuwinbHEeHHs, eumok piouHu,
muck piduHu, Harnop piOuHU, 2i0pPOOUHaMIYHI cunu, MOMeHmuU 2i0poduHaMiYHUX Curl.

MocTtaHOBKa Npo6Gnemu y 3araribHOMy BU-
rnagi. Pag gocnigis, ski Oynu 3gincHeHi Ha cnedia-
NbHO CTBOPEHUX CTeHAax, NigTBepAnnn TeopeTUyHi
BMCHOBKW NPO BMIMB YLWiNbHEHb HA AMHaMIYHI Xxapa-
KTepuctukn potopa [1, 2, 3, 4]. Ha cboroaHiwwHin
OeHb ICHYIOTb KOHCTPYKTMBHI CXeMu BigLEHTpOBUX
HacociB Tak 3BaHOi ,6€e3BanbHOI” KOHCTPYKLi, B KX
poboye KOMeco Hacoca Mae MOXIMBICTb BifbHO
CaMOOpIiEHTYBaTUCA B CUMETPUYHUX YLLiINbHEHHSX,
AKi  BUKOHYIOTb  (OYHKUii  FOMOBHUX  OMOPHO-
YLWINBbHIOKYNX BY3MiB 3 HEOOXIOHUMK TigpoanHaMiy-
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HUMK napameTpamu [5, 6]. MNMpu ybomy poboye ko-
neco 3[iNCHI0E BUMYLLIEHI paianbHO — KYTOBi KONU-
BaHHSA Nig A€t rigpoanHaMiyHMX CUIl Ta iX MOMEHTIB
B MeXax pajianbHuX 3a30piB YLUiNbHEHb.

AHani3 octaHHix gocnigxeHb i nyonikadin.
PoboTtun Baratbox HaykoBUiB Oynu npucsBsdeHi goc-
NiIKEHHIO CTPYKTYPW riapoAnHaMiYHUX Cuni Ta Mo-
MEHTIB Yy OE3KOHTaKTHUX YLUINIbHEHHAX MNPOTIYHOI
YacTuHW. Po3paxyHKoBi Ta gocnigHi AaHi, Wwo 3ymo-
BNIOKOTb BENUYMHWN Ta HanNpsiMM CWM, OOKNagHO Ha-
BedeHi B pobotax [1, 2]. TigpoavHamivHi cunn B
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YWINBbHEHHAX MOXYTb OyTU NPUYMHOK PYMHIBHUX
aBTOKONMBaHb poTopa, abo cTabinizyBaTn OCTaHHIn
Ta CYTTEBO 3MEHLIUTU BiOPOAKTUBHICTb arperaTy B
uinomy [3, 4]. UinecnpsimoBaHa ontumisauisi Bibpa-
LiHMX napamMeTpiB BigLEHTPOBMX HacociB peanisy-
ETbCA LUNAXOM BOOCKOHANEHHs AMHaMIYHMX Xapak-
TEPUCTMK poTOopa 3 YpaxyBaHHAM rigpoauHaMIYHUX
npouecis, WO MalTb MICTO B PO3BUHEHIN cuUcCTeMmi
LWNAPUHHNX YLLINBbHEHb MK POTOPOM Ta CTaTOpOM
[7]. Tnagki WnapuHHi yWwinbHEHHsT Audyy30pHOi do-
pMU NOB3A0BXHLOrO MEPEeTUHY CTBOPIOKOTL Nepeay-
MOBM AN CTaTUYHOI Ta AMHAMIYHOI HECTIMKOCTI po-
TOpa, a KOHAY30pHi, HaBnakn, CNpusitoloTb CcTabini-
3auii potopa.

®dopmMynioBaHHA Linen ctaTTi (nocTaHOBKA
3aBAaHHA). B gaHin poboTi NponoHyeTbCa OUiHUTH
TEXHIYHI  MOXNMBOCTI OE3KOHTAKTHUX  YLUiNbHEHb
CTBOptOBaTK CTabinisytoui KyToBi MOMEHTU rigpoaun-
HaMiYHUX CWM NPW BMKOHAHHI (PYHKUIN AMHAMIYHMX
onop Ta YLWifbHEHb B EAMHOMY BY35li 6€3KOHTaKTHO-
ro ywinbHeHHs BifLLEeHTPOBOro Hacoca.

Mpun skicHoMy rigpaBniYHOMY PO3paxyHKy Ky-
TOBOI Ta pajianbHOI XOPCTKOCTI YLWiNbHEeHb Jocsra-
€TbCA MOXIMBICTb pOTOpa-korneca BiNbHO CaMOBC-
TaAHOBIOBATUCH B CTATOPHUX OBOMOHKAX YLiflbHEHb
Ta cTabinisyBaTncsa y BicbOBOMY HanpsiMi Npu HasiB-
HOCTi OoOMexeHux 3a amnnitygamm pagianbHo-
KyTOBWX Ta BiCbOBWUX KONMBaHb Npu 36epexeHHi aun-
HaMIiYHOT CTIMKOCTI Ha Pi3HUX YacToTax obepTaHHs.

Buknag ocCHOBHOro martepiany gocnigxeH-
HA. [igpoanHamivyHi npouecu B piaMHHMX LWapax
yWiNbHEHb MNOPOMXKYIOTbL CWUMOBY B3AEMOAID MiX
pOTOPOM Ta CTaTOpPOM, LLO OyXe CYTTEBO BMMMBAE
Ha [OuMHaMiKy BIigLEHTPOBOro arperaty B Uinomy.
PoTopu BigUEHTPOBMX HACcOCIB OKPiM rOMnoOBHUX Mig-
LUMNHUKOBMX BY3MiB CAMPaOTbCA Ha A4OAAaTKOBY OMNo-
PHY CUCTEMY, sika CKMagaeTbCsl 3 OE3KOHTaKTHMX
LWNapUHHUX YLLiNbHEHb NPOTOYHOT YaCTUHM.

di3nyHi  Npouecu rigpogMHaMIiYHOrO MOXo-
OXKEHHs1 pafianbHUX Ta KyTOBMX rigpoavHaMivyHUX
CVM B LUNAPUHHWUX YLWiNbHEHHSX 3YMOBMOKTbL TOW
bakT, WO PIBHOAINHI UMUX CUIT HE MPOXOASATb TOYHO
yepes reoMeTPUYHNA LEHTP YLWiNbHEHHS, WO BUKK-
Kae nosiBy rigpoAnHaMiYHUX MOMEHTIB Npu nepeHoci
PiBHOAIMHUX B CEPEeAVHHMIA nepeTuH. B gaHin poboTi
pO3paxoBYOTLCA MOMEHTU T[iApOAUHAMIYHUX CuUn,
AKi € (PYHKLISMWU SK pafianbHOro ekCLeHTpUucuTeTy,
Tak i caMe KyTiB nepekocy (abo noBopoTy) Bici poTo-
pa no BiOHOLLEHHI0O A0 ABOX B3aEMHO MepneHauky-
NApHUX Bicen — AdiaMeTpiB cepeauHHOro nepeTuHy
rmagkoro UuniHAPWYHOMO LUMNAPUHHOMO YLLiNbHEHH-
HA. [gpoanHamiyHe NOXOMKEHHS TigpoANHaAMIYHMUX
cuvn noe’aA3aHe 3 gedopMauien enopu TUCKY PiguHn
B YLiNbHEHHI B3OOBX NEPUMETPY Ta B3OBX LOBXM-
HW LPOCENIOYOro KinbLEBOro KaHamny YLinbHEeHHS.
Hedopmadia entopn TUCKY, O 3YMOBIOETBCS KYTO-
BYMW MEPEMILLEHHAMU POTOpPa, NMOPOAKYE CyMapHy
rigpogvHaMiyHy cwny, CKIagoBi SKOI xapakTepuay-
I0TbCS TakMMn KoedpiuieHTamn: KoeilieHT KyToBOi
(abo KkyTOBOI rigpOCTaTUYHOI) XOPCTKOCTI, KoediLli-
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€HT KyTOBOro pfemndpyBaHHA, KoediuieHT KyTOBOI
LMPKYNALIMHOI cunu Ta KoeilieHT npuegHaHoi ma-
CV PiAVHU W00 KYTOBMX KONMBaHb poTopa B yLinb-
HeHHi. Taknin po3gin cknagoBMx CyMapHOI rigpoau-
HaMI4YHOI CMIM OKPEMO Ha pagjianbHi Ta KyTOBi KOM-
NOHEHTU MOXMNBUA TOMY, LLO Ui CKNagoBi € OyHKL -
MU OBOX He3anexHux napameTpis, a came: pafia-
MNBHOMO eKCUeHTpUcuTeTa poTtopa B YLUiNbHEHHI Ta
KyTa nepekocy(abo noBopoTy) BiCi poTopa B YL inb-
HEHHI.

dyHKUiOHaNbHI BMpa3n ANsi MOMEHTIB cun Bi-
OHOCHO [BOX B3aEMHO NMEepneHavKynapHuX Aiamet-
piB CEpeavHHOro MNepeTVHY YLUINbHEHHS OTpUMY-
ITbCA Yy BUrNA4i iHTerpanie Big eneMeHTapHux mMo-
MEHTIB:

|2 2zl

r-

My =— o J.J. Zgo Z-dz-sing-de
0-1
27rl

IJPZ(D Z-dz-cosep-do
0-1
ae: P(Z(p)- (pyHKList PO3MOAINY TUCKY B KiNbLEBOMY
KaHani yLWinbHEeHHS;
X, ¥ - OBi B3aEMHO NeprneHAnKynapHi pagianbHi

A,
My =

BiCi B cepeanHHOMY NEPETUHI YLLiNTbHEHHS;

Z - BiCb CMMETPIi yLWiNbHEHHS (B340BX KaHana);

r,| - reomeTpuyHi napameTpu yLLiNbHEHHS;

@ - 3MiHHWI KYT B cepeaUHHOMY NepeTuHi yLLli-

NbHEHHS.
dyHKUiS po3noginy TUCKY B KaHani yLinbHeH-

HS P(2,¢) 3anexuTb Bif ABOX CKIaA0BUX 3arasribHOro
BUTOKY PiOVHN KPi3b YLiNbHEHHSA: g, Ta Ag, Ae Jo -

BUTOK PiANHWN KPi3b KaHam OO4MHWUYHOI LUMPUHU MNPK
CTauioHapHOMY pexuMi Teudil piguHn; Ag - BWUTOK
PiOvHKW, SKUA 3YMOBMOETLCA ManuMu pagianbHUMin
Ta KYTOBMMW 3MIlLEHHAMW poTopa B YLUiNbHEHHI.
Butok piguHu Kpisb KaHan OAWHWYHOI LUMPWHK NpU
CTaTWUYHIN piBHOBA3i poTopa Moxe ByTn obumcneHun
3a (bopmyrnoto:

2-A
P fo Mo, @
Je: AP - BiCbOBMWI nepenaj TUCKY Ha YLUiNbHEHHI;
Eo - KoedilLieHT BTpaT HaMNopy pPianHW B yLLinb-
HEHHi;
ho - papianbHWii 3a30p B yLLiNbHEHHS;

o =

p - TYCTUHA piguHMN.

3MiHa BUTOKY PiAMHU KPi3b YLUiNbHEHHS, sika

3yMOBJIEHa ManvMu pagianbHMMM Ta KyTOBUMMMU

3MilLleHHAMM poTopa, 3 [OesKMMU  CMPOLLEHHSAMMU
MoXe OyTu 3anucaHa y BUrnsgi piBHAHHS:

do d; -1

AG~—0o-| 712 +7 ——

ho ho

pe: y1=X-00Sp+Yy-sing;

—0-dx—0g3d3 (3)
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72 =39y -CoSp+ 9y -sing ;

do, di, dy, ds - KOEDILIEHTH, LLIO NOB’A3YIOTL rigpa-
BMiYHi BTPATW TUCKY MO KiNbLEeBOMY KaHany
B 3aNeXHOCTi Big MOro reoMeTpuyHuX na-
pameTpis;

dy, ds - BUTOKM pPiOVHM 3 KaHana 3 ypaxyBaHHSIM
BUTUCHEHHS PiAVHM BHACNILOK pajianbHo-

ro Ta KyTOBOro nepemillieHHs Bana.
B saranbHoMy Burnagi oyHkuis P(Z(D) pos-
noAiny TUCKy 3YMOBIIOETLCS BCIEK CYKYMHICTIO reo-

METPUYHMX Ta CUSTOBUX (PaKTOPIB LUMAPUHHOMO YLLi-
NbHEHHS. [poTe BAAUB iHEPLINHNX Ta FiPOCKOMNIYHMX
cknagoBux Ha Bupa3 dyHkuii P(Z,¢) ayxe HesHay-
Hu (He nepesuwye 10 %) [ 7 ], TOMY LUMMK BENNYK-
HaMu B po3paxyHKax MOXHa HexTyBaTu, OTPUMYHOYU
dopmyny TUCKY y BUTNSAI:

- M-p
P(z,p)~ Bg———-B(Z)-d 4
(2.0)= PRy 81y (2)-dz (4)

C e 2 4 4 4
ne: B(Z)=g§-E-n+§go~Ag+§90~(gz—ga)+§go~ga:
PLo - BXiaHW TUCK pianHm (Nepen yLinbHEHHAM).
K A-1-p

OMMNeKc 3 ypaxyBaHHsIM BMpasy ans

. 3 ’

KoediuieHTa BTpaT Hamopy MO [OOBXWHI KaHany:

-l N, .
§0=§1—§2+;—h0, MOXe OyTW 3anuMcaHui B Takin

dopwmi:
e i e are).©
ae: alz? - BiOHOCHUIN KoeilieHT BXigHUX BTpaT
’ Hanopy B YLiNbHEHHI,
as _s2 . BiAHOCHMI KoediuieHT BMXigHNX BTpaT

o
Harnopy B yLiNbHEHHI.

Matoun Bupasm (2), (3), (4) Ta (5), wnaxom
nocnigoBHUX B3aeMONiACTAHOBOK X B Bupasun (1)
OTPUMYEMO MiCNA iHTErpyBaHHs TpaHCHOPMOBaHUX
Bupasis (1) 3a 3MiHHOWO @ npoekuil rigpognHamiy-
HUX MOMEHTIB pajianbHO-KYTOBUX CUM B LUMapPUHHO-
MY YLLINbHEHHI:

M @ a, a, | [ X 0 a, | [x
w
M, @, - E a, y a, 0 y
. ©)

ﬂg — E . ﬂ.?\/ ‘9x - ﬂ&‘\/ a, ‘9x
+ +

w

E ﬁg\/ ﬂs 19y 0 - IBQV 19y

ne: a, :ﬁvrr~|2~AP~(l—a1+a2)~(a1—a2),
1
ay :m-ﬁ-r-l3 2-AP-p-&y -(l-oq +az)- (g —ap),

ﬁlg zi-ﬂw~|3-AP-(1—a1+a2)'(a1+a2),

= x4 2:AP - p- &, (- + @) (g — ap +0,25)
By 14, p-by (- +ar) (e~ )
Bupasn (6) € aHanitTMyHMMM Bupasamu Lnsi
MOMEHTIB OCHOBHWX T[iApOAMHAMIYHMX CUN B LUNa-
PUHHOMY YLLINbHEHHI, SKi MOPOKYHOTECSA SK eKCLIEH-
TpUCUTETOM poTopa (X, y) B CTaTOPHiA OOOMNOHLUI

YLINBHEHHS, TaK i KYTOBUMW 3MiLLLEHHAMM (ngngy)

BiCi poTopa BigHOCHO Bici cTaTopa. [Mpn LUbOMYy Bax-
NMBO 3ayBaXkWTW, LLO rigpocTaTtuyHa ckrnagoBa Mo-
MEHTY: M. ]=fy-%|9,| cnpsivoBana Takum unHoMm,

Wo 36inbluye KYyT MepeKkocy poTopa; TOMY BiflbHWI
poTOp B OAHOMY YLUINIbHEHHI CTaTU4YHO HECTINKUNI
BiHOCHO MEpPEeKOCiB MpWv ApOocentoBaHHI Ha YLUinb-
HEeHHi BXXe 30BCiM He3Ha4HOro BiCbOBOro nepenagy
Tncky (novmHaroum 3 0,2 — 0,3 6ap) i MMTTEBO Camo-
CTilHO BTpa4a€ CNiBBICHICTb 3 YLUiNbHEHHAM, NOBEp-
Tal4YMCb HA MaKkCUManbHO MOXITMBUM KYT B YLUiNb-
HeHHi [ 8 ]. Y Bunagky poTopa B ABOX CUMETPUYHMX
OOHAKOBMX 3a pO3MipamMun rMagkux UUNiHOPUYHNX
YLWiNbHEHb BTpaTa KYTOBOI CTaTU4YHOI CTIMKOCTI He
BigOyBa€ETbLCA BHACMNIAOK KOMMEHCYYOI Ail MoMeH-
TiB pagianbHUX rigpocTaTuyHMUX CUIT YMOBHO MNPUK-
nageHnx B reoMeTpuyHuX LeHTpax yuwinbHeHb. Lli
Cvnn HamaralTbCH MiKBiAyBaTWU pafianbHUA eKkcLe-
HTPUCUTET poTOpa B YLUINMbHEHHAX, SKUA BUHUKAaE
npu nepekoci BiCi poTopa, Ta CTBOPIOKTb MOMEHTHU
BIJHOCHO TreOMETPUYHOro LEeHTpa camoro poTopa.
OaHi MOMeHTU nepeBuLLyOTb Aito AecTabinisyroumx
rigpoCTaTUYHMX CKNagoBuX MOMEHTY
be]:ﬁg-gxlsy] i noBepTalTb pOTOP A0 CMiBBICHOrO

3 YLWiNbHEHHAMW MOMOXEHHS.

BucHoBKM 3 gaHOro gocnigXxeHHs.

®isnyHi  mpouecu rigpoaMHaMIYHOrO  NOXO-
[KEeHHs1 pafianbHUX Ta KyTOBUX rigpognHaMivyHUX
CVN B LUM@PUHHUX YLLiNbHEHHSX 3YMOBMIOOTbL TOW
dakT, WO PiBHOAIIOYI LMX CUM HE MPOXOAATb TOYHO
yepes reOMeTPUYHUI LIEHTP YLUINBHEHHS, WO BUKIN-
Kae nosiBy rigpoauHaMiYHUX MOMEHTIB Npu nepeHoci
piBHOAiOUNX B cepeanHHUI nepeTuH. gpocraTtuy-
Ha CKragjoBa MOMEHTY HamaraeTbCs 306iNbWNTU KyT
nepekoca poTopa B OOUHUYHOMY LUMAPUHHOMY YLLi-
nbHeHHi. lNagpoaMHaMivYHi MOMEHTU CTaloTb CYTTEBUM
UMHHUKOM, SIKUWA BMAIMBAE Ha OMHAMIYHI BNACTUBOCTI
poTopa BiALEHTPOBOro Hacoca y BUNaaky 34incHeH-
HA OCTaHHIM CYMICHUX pafianbHO-KYyTOBUX KOMNWBaHb
B LIMNAPUHHUX YLLINbHEHHAX MPOTOYHOI YacCTUHU
BiLIEHTPOBOro Hacoca.
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lopoeoli C.A. OuyeHoYHbIl 2udpaenuyecKuli pac4em cuslo8biIX MOMEHMOo8 uwiesieeo20 yrnjiom-
HeHus1

FudpoduHamuyeckue MOMEeHMbI paduaribHbIX U yari08bix 2uOPOOUHaMUYEeCKUX CUMT 8 UW,e/1e80M yrio-
MHeHUU yeHmpobexHo20 Hacoca UMerom Cyu,eCmeeHHOoe 6/usiHUe Ha OUHaMUYecKUe xapakmepucmuKku
azpeeama 8 criy4ae, koeda pomop Hacoca coesepuwiaem cesidaHHble paduasibHO-yenoesle KonebaHus. Yero-
8bie MOMEHMbI eCmMb (OYHKUUSIMU yer108 nosopoma (fnepekoca) pomopa 8 yrniomHeHuU.

Knroyeebie cnoea. LleHmpobexHbili Hacoc, wenesoe yriomHeHue, oropa-yniomHeHue, pacxod
JKuGKocmu, dasrneHue XudKocmu, Harop Xuokocmu, 2udpoduHaMu4yecKue cusibl, MOMeHmMb! 2udpoduHaMu-
YecKUX cusl, pomop Hacoca.

Gorovoy S.A. The calculation of hydrodynamic anqular moments gap seal

The hydrodynamic forces in slot-hole seals of centrifugal pumps play a leading role in stabilization of
vibrational activity of rotary tables of pumps. It enables in a new fashion to evaluate a role of contactless
seal of a blading section — it the role of reference — strong clusters of a centrifugal pump is removed. Such
rotor in proceu of the rotation mokesjoint radial — angular fluctuations. Ihe offered technique of a blading
section of a centrifugal pump with slot — hole seals, wich one play a role of the mated reference — strong
clusters. An idea consists in combination of functions of dynamic supports and compressions in the only knot
of clearance seal of chempump which substantially simplifies his making and exploitation at the considerable
diminishing of parameters and support in the possible limits of level of vibrations of asm. Achievement of this
aim will be realized by a grant to the rotor-wheel of possibility freely in the mounteing shells of compressions
and stabilized in rotary direction at presence of limited after amplitudes of radially-angular and rotary
vibrations at maintenance of dynamic firmness on different frequencies of rotation. Hydrodynamic moments
radial and anqular hydrodynamic borses in qap seal of the centrifugal pump have an assential influence
upon dynamic features of the unit when the pump rotor makes bounded radial-anqular fluctuations. Anqular
moments are functions of tumbling anqulars of the rotor in gap seal.

Keyword. Centrifugal pump, gap seal, bearing seal, liqvid presse, hydrodynamic forces,
hydrodynamic moment, rotor of pump.

[ata HagxooxeHHst oo pepakuii: 14.08.2017
PeseH3eHT: g.c-m.H., npod. Kysema O.C.

YOK 621.65
OUIHOYHUI PO3PAXYHOK MNaPOANHAMIYHUX BNIACTUBOCTEN
OMOPHO-YLUINbHIOBAIIbHUX BY31IB BIDLUEHTPOBOIO HACOCY
3 BllIbHOMPUBIAHUM BAIIOM

C. O. N'opoBun, JoLeHT
CymcbKull HayioHanbHUl agpapHUl yHisepcumem

lidpoduHamiyHi cunu 8 wnapuHHUX yWinbHEeHHSIX 8idUeHmpo8uUx Hacocie gidieparomb npoesiOHy porib 8
cmabinizauii gibpauitiHoi akmueHocmi pomopie Hacocie. Lle dae Moxnugicmb M0-HO8OMY OUIHUMU pOJib
6e3KOHMaKmMHUX YWinbHeHb MPOMIYHOI YacmuHU — SIK OMOPHO-YUWiNbHIO8ANbHUX 8Y3r1i6 8i0UeHmMpPo8o2o
Hacoca. Pomop Hacoca camodo8irnibHO OpieHmMyembCsi 8 CUMEMPUYHUX WNapUHHUX YWinbHeHHsX nid dieto
2idpoduHamiyHUX cun ma momeHmie. 3anporioHogaHa MemooduKa po3paxyHKy peanisye Hogul rnpoekmHul
nidxid 00 cM8OpPEeHHS NMPOMIYHOI YacMUuHU 8i0UEHMPOBO20 HAcOCy 3i WnapUHHUMU Oropamu-yLWinbHEHHIMU.

Knroyvoei cnoea. BidueHmposuli Hacoc, wnapuHHe YWiNIbHEHHS, 0ropa-yuinlbHeHHS, 8UmoK piouHU,

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHisepcurteTty
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