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3ABUCUMOCTH KO®PUIIUEHTA TEOPETUYECKOI'O HAIIOPA BLICOKOHATIOPHOM
PAJIMAJIBHO-OCEBOM TYPEUHBI OT PEXKUMHBIX IIAPAMETPOB

B3aumonelicTBie MOTOKA JKMIKOCTM C PabOYMM KOJIECOM XapaKTEepHU3yeTcs CIEAYIOIMMU HHTErpaJIbHBIMH IapaMeTpaMH: THMIPAaBIMYECKUM
MOMEHTOM Ha paboyeM Kojlece, M'MAPaBINYEcKoi MOLIHOCTBIO U TEOPETUYECKMM HArmopoM. B paboTe ¢ moMolbio METO0B TEOPHUH pa3MepHOCTEi
OCYILECTBIICH MePeXo]] OT pa3MEePHBIX 3aBUCHMOCTEii K Oe3pa3sMepHBIM COOTHOIICHUSAM Ul COOTBETCTBYIOIIMX Kod(hduiuenToB. B coorBercrBum ¢
ONBITHBIMHU JIAHHBIMH O€3pa3MepHasi LUPKYJISLUs Iepesl pabounM KOJIecoM JUls JaHHOHM JIMHUM TOKA 3aBHCHUT TOJBKO OT YIJIa TIOTOKA 3a PeLIeTKON
HaIpaBJISIOLIErO aNapara, T. €. OT OTKPbITHs HANPABIIAIONIErO anmnapara. M3 moinydeHHbIX 3aBUCMMOCTE BhITEKAET BhIpaXkeHHe st kodddurmenTa
TEOPETUYECKOr0 HAMopa OT PEXKHMHBIX IapaMeTpoB. B Ge3pasmepHoii Gpopme momydeHHbIe 3aBUCUMOCTH KO3((HUIMEHTa TEOPETHUECKOTr0 HAopa OT
000011eHHOro O6€3pa3MepHOro KMHeMaTnueckoro napamerpa Ko Hanbonee y1o0HbI Il aHAJIM3a SHEPreTHUECKUX XapaKTEPUCTHK PaccMaTpHBaeMOoit
NPOTOYHOH YaCTU pajuallbHO-0CEBOH I'MIpoTypOuHbL. Kpome Toro, momyyeHo ypaBHEHHE MOMEHTHOH XapakTEPHUCTHUKH I'MIAPOTYpPOMHBI TakkKe B
6e3pa3mepHOii (opme. PaccunTaHHbIC TEOPETHUECKHE 3aBHCUMOCTH CPABHEHBI C SKCIIEPUMEHTAIBHBIMU JIAaHHBIMU JUIS PAa3IMYHBIX THIIOB Pabodnx
kouec. ITonydeHHble pe3yabTaThl MO3BOJISIOT CYJUTh O BO3MOKHOCTH MCIIOJB30BaHHUs Pa3pabOTaHHBIX MOJENeH JUls HCCIIEJOBAaHUs SHEPreTHUECKUX
KayecTB BBICOKOHATIOPHBIX Pa/IMaIbHO-OCEBBIX TypOMH. PaccMoTpeHHblE KMHEMATHUYECKHE MOJIENH MOTYT ObITh IOJIOXKEHBI B OCHOBY YIPOLIEHHBIX
Mozenel pabouero mporecca, HCIOIb3YEeMbIX Ha HadyallbHBIX CTAAMAX IPOSKTHPOBAHUS IPOTOYHOH yacTH. IloaydeHHbIE 3aBUCHMOCTH IIOCTPOCHBI
UCXOJIs M3 PELIEHNs] OCECHMMETPHYHOH 3a/1a4i TeUEHHs XKUJKOCTU B IPOTOYHOH yacTu. M3 npeaBapuTeIbHOro pelents 3Toi 3a/jauu Jis MOJTy4eHns
0e3pa3MepHBIX SHEPIeTUUECKUX XapAKTEPUCTHK HCHOIb3YIOTCA KO3(D(PUIHEHTE 4 1 B, yUHUTHIBAIONINE U3MEHEHUE MEPUIMAHHOW CKOPOCTH TEUCHHUSI
)KHIKOCTH B XapaKTEPHBIX CEYEHHSX NMPOTOYHOM YAaCTU M YUHTHIBAIOIMX U3MEHEHHME KapTHHBI TEUECHUS B 3aBUCHMOCTH OT PEKMMHBIX IIapaMETPOB.
Haiinena 3aBucnMocTh KO(Q(GUIMEHTOB IUPKYISIMN U KO3((UIMEHTa TEOPETHUECKOTO HAropa MPOCTPAHCTBEHHON pEIIeTKH pabodero Koieca oT
T€OMETPHYECKUX W PEKHMMHBIX MapaMeTpoB. OJTa 3aBUCUMOCTh MOXET ObITh HCIIOJNB30BAaHA [T IIOBEPOYHBIX pacueToB (pacHpenencHus
MEpHIHOHAIBHBIX H OKPY)KHBIX COCTABIIOIIMX CKOPOCTH, IMPKYIIALUN) IPU IPOBEACHUH MHOTOBAapHaHTHBIX pacuetoB B CATIP.

KaroueBnle caoBa: Kko3(QUIMEHT Hamopa, NPOTOYHAs 4YacTb, PEKHUMHBIE TapaMeTphl THAPOTYpOMHBI, MaTeMaTH4ecKas MOJIENb,
TUIPOIMHAMUYECKHE XapaKTEPUCTHKH, PaJHalbHO-0CceBast THAPOTYpOHHA, KO3 (PUIEHT MOMEHTA, OCECHMMETPUYHAs 33/1a4a.
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3AJIEXKHICTD KOE®IIIEHTY TEOPETUYHOI'O HAIIOPY BUCOKOHATMIPHOI PAJTIAJIBHO-
OCBOBOI TYPBIHH BIJl PEXXUMHUX TAPAMETPIB

Bzaemoniss MOTOKy pigMHH 3 PoOOYMM KOJECOM XapaKTePU3YeThCS HACTYIMHHMHM IHTErPAIbHUMHU IapaMeTpaMH: TifpaBliYyHAM MOMEHTOM Ha
po60IOMy KOJIECi, T1IpaBIiqHOIO MOTYKHICTIO 1 TEOPETHIHHM HAaopoM. B po0oTi 3a 1omoMororo MeTofiB Teopil po3MipHOCTEH 3A1HCHEHUH Hepexin
BiZl PO3MIPHHUX 3aJEKHOCTIB 10 OEe3pO3MIpPHHX CITIBBIIHOIICHHb ISl BiAMOBIAHMX Koe(ilieHTiB. BiAmoBigHO OO eKCIepUMEHTaNbHHX JaHUX
6e3po3MipHa LUPKYIIALIS epe poOoUrM KOJIECOM ISl JaHOT JIiHii CTPyMY 3aJI€KUTh TIIBKM BiJl KyTa IOTOKY 3a PEIIiTKO HAIpPaBJIAI0YOro anapary
TOOTO BiJ BIAKPUTTS HANPABILIIOUOrO amapaty. 3 OTPUMAaHMX 3QJIGKHOCTEH BHUIUIMBAE BHpa3 Ul Koe(illieHTa TEOPETHYHOTO HATIOPY BiJ PEXKUMHHUX
napameTpiB. Y 6e3po3MipHiii Gopmi oTprMaHa 3aleKHICTh KoedillieHTa TEOPETHYHOrO HAIOPY BiJl y3arajibHEHOro OE3pO3MiPHOT0 KiHEMAaTHYHOTO
napamerpa Ko HailOLIbII 3pydHa ISl aHaJli3y CHEPreTHYHHUX XapaKTePUCTUK PO3IIITHYTOI IIPOTOYHOI YaCTHHHU PaJiialbHO-0ChOBOI riipoTypbinu. Kpim
TOTO, OTPHMAHO PiBHSHHSI MOMEHTHOI XapaKTepUCTHKH TiIpoTypOiHu Takox B 6e3po3MipHOI0 (opmi. PozpaxoBaHi TeopeTHdHI 3a1€KHOCTI MOPiBHSHI
3 GKCNICPUMCHTAIBHUMHU JAaHUMH JUIS Pi3HUX TUIIB poOounx koiic. OTpHMaHi pe3ylbTaTH JO3BOJIAIOTH CYJAWTH MPO MOXIMBOCTI BUKOPHUCTAHHS
PO3pOOICHUX MOJeNell Uil NOCIIDKCHHsT SHEePreTHYHUX SIKOCTeH BHCOKOHAMIPHUX PajialbHO-OCHOBUX TypOiH. PO3IIsIHYTI KiHeMaTH4Hi Monei
MOXyTh OyTH MOKJIafeHI B OCHOBY CIPOIICHHX MOAENeil poOOYOro mporecy, 10 BHKOPHCTOBYIOTBCS Ha IIOYATKOBHX CTAMisIX IPOCKTYBAHHS
nporouHol yacTuHH. OTpHMaHi 3aeKHOCTI MOOYZOBaHI BHXOISYM 3 PILICHHS OCHOCHMETPUYHOI 3afadi Tewil pimvHH B NMPOTOYHIH yacTuHi. 3
TIONEPEHBOr0 PIillIeHHs LbOTO 3aBJAHHS I OTPHMaHHA O€3pO3MIPHHX CHEPreTHYHHMX XapaKTEPUCTHK BUKOPUCTOBYIOThCS KoedilieHTH A i B, mo
BPaxXOBYIOTh 3MiHy MEpHAIaHHOI MIBUIKOCTI Tedil PiIMHU B XapaKTEpPHUX HEepeTHHAX IPOTOYHOI YaCTUHU 1 BPaxoBYIOTh 3MiHy KapTHUHHU Tedii B
3aJIKHOCTI BiJ] POKUMHHUX HapaMeTpiB. 3HaiiieHa 3aIeKHICTh KoehilieHTIB IUPKY/IALIT i KoedillieHTa TEOPETHYHOrO HAOpPY MPOCTOPOBOI PEIIITKA
pobouoro KoJseca Biji FCOMETPHYHMX I PSKUMHHX HapameTpiB. Ll 3anexHicTs Moxe OyTH BUKOPHCTaHa JUIs MEPEBIPOYHUX PO3PAXyHKIB (PO3MOALTY
MEpHAIOHATBHHX 1 OKPYKHHUX CKJIAJOBHX IIBHAKOCTI, IUPKYIISIiT) IPH MIPOBEICHHI PI3HOMaHITHHX po3paxyHKiB B CATIP.

KurouoBi cioBa: xoedillieHT Hamopy, NMPOTOYHA YaCTHHA, PEKUMHI MapaMeTpd TiApoTypOiHH, MaTeMaTH4Ha MOJENb, TiIpOAWHAMIYHI
XapaKTePUCTHKH, paiallbHO-0ChOBa IiAPOTYpOiHa, KoehilieHT MOMEHTY, OCbOCHMETPHYHA 3a/1a4a.

M. MARAKHOVSKY, A. GASIUK, O. PANAMARIOVA, 4. YAROSHENKO

DEPENDENCE OF THE THEORETICAL PRESSURE OF THE HIGHLY-PRESSURE RADIAL-AXIAL
TURBINE THEORETICAL AGAINST THE MODE PARAMETERS

The interaction of fluid flow with the impeller is characterized by the following integral parameters: hydraulic torque at the impeller, hydraulic power
and theoretical head. In the work, using the methods of the theory of dimensions, a transition was made from dimensional dependencies to
dimensionless relations for the corresponding coefficients. In accordance with the experimental data, the dimensionless circulation in front of the
impeller for a given current line depends only on the angle of flow behind the grating of the guide vane, from opening guide vanes. From the
dependencies obtained, the expression for the coefficient of theoretical pressure on operating parameters follows. In the dimensionless form, the
obtained dependence of the theoretical head coefficient on the generalized dimensionless kinematic parameter Ko is most convenient for analyzing the
energy characteristics of the considered flow part of the radial-axial hydraulic turbine. In addition, the equation obtained for the moment characteristic
of the turbine is also in a dimensionless form. The calculated theoretical dependences are compared with experimental data for various types of
impellers. The results obtained make it possible to judge the possibility of using the developed models for the study of the energy qualities of high-
pressure radial-axial turbines. The considered kinematic models can be used as the basis for simplified workflow models used in the initial stages of
the design of the flow part. The dependences obtained are based on the solution of the axisymmetric problem of fluid flow in the flow part. From the
preliminary solution of this problem, to obtain dimensionless energy characteristics, the coefficients A and B are used, taking into account the change
in the meridian velocity of the fluid flow in the characteristic sections of the flow part and taking into account the change in the flow pattern depending
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on the operating parameters. The dependence of the circulation coefficients and the theoretical head of the spatial grid of the impeller on the geometric
and operating parameters are found. This dependence can be used for calibration calculations (distribution of meridional and circumferential

components of velocity, circulation) during multivariate calculations in CAD.

Key words: head coefficient, flow part, regime parameters of a hydro turbine, mathematical model, hydrodynamic characteristics, radial-axial

hydro turbine, moment coefficient, axisymmetric problem.

BBenenne. B3ammopeicTBue IOTOKA KHIKOCTH C
pabouuMM  KOJECOM  XapaKTEepHU3YeTCs  CICAYIOIIMMU
HMHTETPaJbHBIMU MMapaMeTPaMu:

- TUIPaBIUYECKAM MOMEHTOM Ha pabodeM Koiece
[1-4]:
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C NOMOIIBIO METOJJOB TEOPHHU Pa3MEPHOCTEH MOXKHO
MEPEUTH OT pa3MEpHBIX 3aBUCUMOCTEH K Oe3pa3MepHBIM
COOTHOLICHUSAM JUIl COOTBETCTBYIOIIMX KO3((HIMEHTOB
Oosiee yINOOHBIM JuIl aHaJM3a THIAPOJMHAMHYECKUX
Ka4ecTB BBICOKOHAITOPHBIX panuasbHO-0CEBBIX
THAPOTYPOHH.

OcHoBHas 4acThb. Ion 0e3pa3MepHBIMU
TEOPETHYECKUMHU XapaKTEePUCTHKAMH TIOHUMAETCs
3aBUCHMOCTh KOd(duIeHTa MOMEHTa, Kod(pHLUCHTa
THIPaBIMYECKON MOIITHOCTH u KodureHTa
TEOPETUYECKOr0 Halopa oT Oe3pa3MepHBIX KOMIUIEKCOB,
XapaKTEepU3yIOIINX,  COOTBETCTBEHHO,  HaIlpaBJICHUE
NOTOKa Mepel paboYMM KOJIECOM H PEXUM paboThI
ruapoTypounst [5-8]:
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[upkynsiuust Ha HOBEPXHOCTH TOKa 3a paboyum
KOJIECOM PaBHa!
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Breipazus 3Hauenne Cy, u Cp, depe3 pexuMHbBIE
rapameTpbl HOTYyYHM:
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Belpaxxenue gusi 6e3pa3MepHOro
UPKYJIsiiuu Oyaet umets Buj [9-11]:

KOMILJICKCa
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B COOTBeTCTBMH C  OMNBITHBIMH  JaHHBIMH
Oe3pas3MepHast HUPKYILSILUS repe] pabouiM KOJIecoM s
JNAaHHOW JIMHHUM TOKa 3aBHUCUT TOJIBKO OT OTKPBITHS
HampasJsiroliero anmapara [12-15]:
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Bemnunna TCOPETUYCCKOTO HaIlopa Ha L[aHHOﬁ
JIMHAM TOKa MOJKET OBITH 3aIliCaHa B BUC:
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N3 mocnemnedt (GopMysbl BBITEKAeT 3aBUCHUMOCTH
kod(puUIIeHTa TEOPETHIECKOTO Hamopa OT PEKUMHBIX

apaMeTpoB. YkaxeMm 6e3pa3MepHYIO bopmy
3aBUCUMOCTH KO3 (HUIIMEHTa TEOPETUUECKOTO HaIopa OT
00001IIeHHOTO 0e3pa3MepHOTO KHHEMAaTHIEeCKOTO
mapamerpa [16-20]:
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3aBUCUMOCTh OCPEIHEHHOM LHUPKYJSLKU MOTOKA 32
paboYMM KOJIECOM OT PEXHMMHBIX ITapaMeTPOB HAXOIUTCS
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npu MnOMOIIHU OCPCAHCHUA III/IpKyJ'IﬂIII/Iﬁ Ha BXOJC H
BBIXOJIE M3 KOJIECA I10 pacXoay:
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ITocie moacranoBkm (18) B (17) m mpeoOpazoBaHus
BBIPOKCHUS MTOTYIHM:
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B  npuBeneHHBIX  BeNMMYMHAX ~ Oe3pa3MepHBIN
KOMIUIEKC IUPKYJSAIUE Ha BBIXOJIE M3 pabodero koieca
paBeH [21]:
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I[oncraBuB (20) B ypaBHenue (6), TOIYyIUM
ypaBHEeHHe Oe3pa3sMepHOil HANOPHOH XapaKTepPUCTHUKH
paboyero koJeca:
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N3 anaymsa ypasuenwit (5), (6) cruemyer, dYTO
BBIpKEHUS T KOO (DUIIMEHTOB TEOPETHUECKOTO Haropa
M MOII[HOCTH COBIAIAIOT.

Ha puc. 1 u puc. 2 mpuBeneHbBl TECOPETUYCCKHE U

r,b
SKCTIepUMeHTalbHbIe 3aBucuMoctn Ky = f T Ko
JUTSl pa3JInYHBIX THIIOB PabovnX KoJec.

BriBOABI: 1. Haiinena
KO3()(OUIMEHTOB ~ LUPKYJSIUUU U

3aBUCHMOCTb
K03 durmeHTa

TEOPETUYECKOTO HANoOpa MPOCTPAHCTBEHHOM peIIeTKu
paboyero Kojeca OT TE€OMETPHUUECKHX W PEXHUMHBIX
apaMeTpoB.
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Puc. 1. CpaBHeHHE paCUETHBIX U SKCIICPUMEHTAIBHBIX JaHHBIX
BETMYMH KOI(QDHUIMEHTa TEOPETHISCKOTO HAIOPa B IIPOTOYHOI
YacTH BHICOKOHAOPHO# ruapoTypousst PO-500:
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Puc. 2. CpaBHEeHHE PaCUETHBIX U IKCIIEPUMEHTAIBHBIX JaHHBIX
BETMUYMH KOI(QDHUIMEHTa TEOPETHISCKOTO HAIOPa B IIPOTOYHOMN
YacTH BHICOKOHAOPHO# ruapoTypounst PO-310:

— pacuer; - - - SKCIEPUMEHT
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DTa 3aBHCHMOCTH MOKET OBITH HCIIOJL30BaHA JJIs

MIOBEPOYHBIX pacueToB (pacnpeneneHus
MEPHUIMOHAIBHBIX M OKPYXKHBIX  COCTABIIIOIIMX
CKOPOCTH, LUPKYJISALNN) npu MIPOBEICHUH

MHOTOBapHaHTHBIX pacueToB B CAIIP.

TIPOBEACHUS

2. ®opma mpencTaBIeHIST MOJENN yrnoOHa, Kak st
YUCAEHHOTO  MCCIIENOBAHHS  BIIMSHHUS

TEOMETPHUUYECKUX TMapaMETPOB NPOTOYHONH HYacTH, TaK H
MIPOBEJCHUS ONTUMH3AIIOHHBIX PACYETOB.
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