[4] Pycanos A.B., KocesiHos J1.1O. YucneHHOE MOJICTHPOBAHHE TCUCHHUI BI3KOW HEC)KUMAe-
MO JKHUJKOCTHU C UCIIOJIb30BAHUEM HESBHON KBa3UMOHOTOHHOM cXeMbl I'01yHOBA MOBBIILIEH-
HO# TouHOCTH. Bocrtou.-EBport. xypHan nepefoBbix Texuogoruid. 2009. 1. 5. Ne 4(41). —
C4-7.

[5] Pycanos A.B, Epmios C.B. Maremarndeckoe MOJCITHPOBAHIE HECTALIMOHAPHBIX Ta30.(H-
HaMHIYECKUX IIPOIECCOB B MPOTOYHBIX YacTsX TypOoMammH. XapbkoB: VH-T npo6i. Mamm-
HoctpoeH. HAH Ykpaunst, 2008. 275 c.

EXPERIMENTAL AND NUMERICAL RESEARCH OF RADIAL-AXIAL
PUMP-TURBINE MODELS WITH SPLITERS IN TURBINE MODE

The ways of efficiency increase of the Francis type pump-turbines and widening of their op-
eration range are considered. It is shown that one of the perspective ways is the usage of
runners with additional shortened blades — splitters. Experimental studies of influence of the
splitters geometric parameters on the energy performance of medium specific speed pump-
turbines in turbine mode were conducted at the hydrodynamic test stand of A. Pidgorny Insti-
tute of Mechanical Engineering Problems NAS of Ukraine. The stand characteristics and its
compliance with the requirements of International Electrotechnical Commission for model
studies are described. The methodology of designing and manufacturing for four variants of
runners with different length of splitter is given. In order to reduce production cost of the
model elements and to shorten research terms, the rotor blades were printed using additive
technologies. Flow parts of a seven-blade original runner, as well as an eight-blade runner
with splitters of 50, 65, 80 and 100 % of the main blade length are manufactured and inves-
tigated. The shell diagrams for all flow part variants are obtained and plotted. The splitter
length influence on the value of maximum efficiency, characteristics and parameters of the
optimum mode is established. The dependence of the efficiency against the flow rate for four
variants of the runners with splitters at different cross sections of the shell diagram
(ni’=const) are given. The simulation of the incompressible fluid viscous flow in the flow part
is performed using authentic software package IPMFlow on the basis of numerical integration
of Reynolds-averaged Navier-Stoks equations with an additional term that contains artificial
compressibility. A two-parameter differential SST Menter turbulence model is applied to ac-
count the turbulent effects. The numerical integration of equations is performed using the
implicit quasimonotone Godunov scheme with second order accuracy in space and time. Pres-
sure distribution on the rotor blades, comparison of the results of numerical and experimental
studies are presented.
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yILOCKOHaJ'IGHHSI iCHyIO‘IOl"O TEXHOJIOTYHOTO O6J'Ia,Z[HaHH$I JIETKO1 MMpOMMUCIIO-
BOCTI Ta IMMPOCKTYBAHHA HOBHUX HaﬂiﬁHHX Ta OPOAYKTUBHUX MallllH 6a3y€TBCH Ha

177


mailto:a_koshel@ukr.net

NPOBEICHHI CTPYKTYPHO-KIHEMaTHYHOTO aHali3y MEXaHI3MiB, 0 HAAXOITh 10 1X
cxnany. Po3risHemMo ckiagHui MeXaHi3M 3 JBOMa KPUBOLIMIIAMH, IO CKIATA€THCS
3 MIECTH PYXOMHMX JIAHOK (n=6) Ta BOCEMH 00epTaabHUX KiHeMaTuuHuX map (Ps=8),
TOMY PYXOMICTh HOTO JIAHOK IO BiJHOIIEHHIO IO CTOsKa HopiBHIOE: W=3n-2Ps-
P4=3-6-2-8-0=2.

1 xmac

(manku 0, 1)

i N 3 xiac 3 nopsimok
Kag naHKH 3+6
(;manku 0, 2) / ( )

Puc. 1. ®opmyna Oynosu

Benyunmu naHkamy € JBa KpHUBOIIUIIH, TOMY (popMyrna OynoBH MexaHi3My 3a
3araibHO MPUUHATOIO CTPYKTYPHOIO Kitacudikamiero [1] Mae BUTIISA HaBeIeHHIA Ha
puc. 1, a caM MexaHi3M BiITHOCUTBCS JI0 CKJIAJHOTO MEXaHi3My TPEThOTO KJIacy 3
JIBOMa KPHBOIIHIIAMH.

KinemaTnyHi napaMeTpu MexaHi3My 3 JIeKIIbKOMa BEy4YUMH JIAHKAMHU BU3HA-
Yal0ThCs 3 BUKOPUCTAHHIM METO/Y YMOBHOT 3yNIHUHKH OJIHI€T 3 BElyYHX JIAHOK, 1[0
JI03BOJISIE 3°SICYBATH BILUIMB IHIIOT BeTy4O01 JJAHKH, 110 3JIMIINIACH PYXOMOIO, Ha Ki-
HEMAaTUYHI TapaMeTPH BCIX BEICHUX JaHOK. [licist Toro, sik 3’sICOBaHUil BIUTUB KO-
JKHOT 3 BeJy4MX JIAHOK Ha KIHEMaTH4HI apaMeTpH BEICHUX JIAHOK, PO3PaxOBYIOTh
a0COJIIOTHI BEIMYMHY KiIHEMaTHYHHUX NTapaMeTpiB BEJCHUX JIaHOK. B Hamomy Buna-
JIKY JOCIIUKEHHS HEOOXiJTHO CIIoYaTKy YMOBHO 3YIHMHHUTH JIAHKY 2 Ta JOCITITUTH
BIUIUB PYXY KPHBOIIUITY | Ha pyX Be/l€HOI JJaHKHU 0, a TOTIM IIOBTOPUTH aHaJi3 IpH
YMOBI 3ynuHeHoi TaHKH | 171t Toro, 100 po3paxyBaTH KiHEMaTH4HI ITApaMEeTPH Be-
JICHOT JTaHKH, SIKi BUKJIMKaHI PyXOM KPHBOILIUITY 2.

BukopucTaHHsT aHATITHYHOTO METOLY KIHEMATHYHOTO JOCITIPKEHHS TaKoro
MeXaHi3My IOB’s3aHO 3 3HAYHOIO KiJTBKICTIO 3aMKHEHUX KOHTYPIB i, K HACIIJOK,
CKJIQJIHICTIO CHCTEM aireOpaidHUX PiBHSHB, SKi Ul CTPYKTYPHUX IPYI TPETHOTO
KJIaCy PO3B’SI3YIOThCS JIIIE HAOMIMKEHUMHU MaTeMaTHIHIUMH MeToiaMu [2].

BusHauaeMocsi 3 TOCIIIOBHICTIO KIHEMATHYHOTO JIOCHI/DKEHHS MeXaHi3Mmy,
JUIS1 YOTO BUKOPUCTOBYEMO BJIACTUBICTh MEXaHI3MIB BHIIOT'0 KJ1acy 3MiHIOBAaTH KJiac
NPY YMOBHi# 3MiHI MOYaTKOBOro MexaHizMy. [1{06 BCTaHOBUTH BIUIUB pyXy BeIy4ol
JaHkW | Ha KiHEMaTH4HI NapamMeTpu BeJICHMX JIAHOK MEXaHI3My BBa)KAEMO I1HIIY
JaHKy 2 Hepyxomoto. @opmyra Oy10BH MexaHi3My HaBe/eHa Ha puC. 2.

1 ximac 3 xnac 3 mopsiok
(mankm 0, 1) (manku 3+6)

Puc. 2. ®opmyna OynoBu

JocniKkyeMo MexaHi3M B ITOCIIJOBHOCTI, SIka 00YMOBIIEHA 1HIIOI0 MO>KIIHBOIO
BE/Iy4OI0 JIAHKOIO, 110 HAJIXOJUTh JI0 CKJIaay TPYIH TPEThOoro Kiacy. SIkimo 3a mno-
YaTKOBHMH MeXaHi3M 00paTu CyKyIHICTh JJaHOK 2, 5 — hoopmyiia OyJJ0BH BCHOTO Me-
XaHI3My HaBejeHa Ha puC. 3.
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1 xmac 2 kac 2 mopsIoK 2 xyac 2 mopsiox
(mauku 2, 5) (;tanku 4, 6) (nanku 1, 3)

Puc. 3. ®opmyna OynoBu

SIKIIo BeIydor JIAHKOK YMOBHO 00paT JIaHKY 6 3MiHU B (opMyIi OyZoBU
CIOCTEPIraloThCs Cepe]] TUX JIAHOK, L0 YTBOPIOIOTh CTPYKTYPHY IPpyIy, ka 0e3mo-
CepeHbO MPHEIHAHA JI0 1HIIIOTO YMOBHOTO ITOYAaTKOBOTO MeXaHi3My (puc.4).

1 xnac 2 kyac 2 nopsioK 2 kac 2 nopsmoK
(nmauku 0, 6) (;mauku 4, 5) (;mamku 1, 3)

Puc. 4. ®opmyna OynoBu

Jnst 000X BUNAAKIB YMOBHO 1HIIMX BEIy4YHMX JIAHOK MEXaHi3M CTa€ MeXaHi3-
MOM 3 MOCJIJJOBHMM IPUETHAHHIM CTPYKTYpHHX Tpyln Accypa JIpyroro Kiacy,
TOOTO HaOyBae BUIIIAY MEXaHI3MYy JPYroro Kijacy, B IKOMy pyX YMOBHO BEIy4Ol
naaku 5 (puc.3) abo maHku 6 (puc. 4) € HEBU3HAUCHUMH, a BEJCHOI TaHKH 1 — 3a7a-
€Tbcs. Po3B’s13aTn 3a1a1y BU3HAUCHHS KIHEMAaTHYHHX IIAPAMETPiB BCiX JJAHOK MeXa-
HI3MY 3 PYXOMICTIO, IO JOPIBHIOE OJWHUII MOKHA 32 YMOB 33aJJaHHUX MapaMeTpiB
pyXy onHi€l Horo maHku (HEOOOB’I3KOBO BEAYUO]), SKIIO ypaxyBaTH Te, IO PyX Ja-
HOK B MEXaHI3Mi € B3a€EMOTIOB’sI3aHUM [3, 4].

Jlnst BU3HauCHHS BIUIMBY PyXY JIaHKH 2 Ha KiHEMaTH4HI apamMeTpu BeJeHOi
JIaHKU 6 BBa)Ka€MO JIAHKY 1 yMOBHO HepyxoMmoro. J[yisi BUNagKy iHIINX MOKJIMBUX
MOYaTKOBUX MEXaHi3MiB MaeMo (opMynu Oy0B, 10 HaBe/IeHI Ha pUC. 5 Ta puc. 6.

1 knac 2 knac 2 nopsiok 2 xJac 2 nopsiox
(manku 1, 3) (mauku 4, 6) (manku 2, 5)

Puc. 5. ®opmymna 6ynosu

1 knac 2 xJyac 2 nopsaok 2 xnac 2 nopsaok
(mauku 0, 6) (naukw 3, 4) T " (mamku 2, 5)
Puc. 6. ®opmymna Oynosu
3 HaBeeHUX (HopMyI 6aUMMO, IO HE3AIEKHO BiJl TOTO, SKY 1HITY YMOBHO Be-
Jly4y JIaHKy 00MpaeMo, IpH MOAAIBIIOMY JOCIHIIKEHHI MEXaHi3My MaEMO CIpaBy 3
MEXaHi3MOM JIPYIoro KJacy, JJIs SIKOTO 33/1a4ya KIHEeMaTHYHOTO aHai3y € CTaTHYHO
BU3HAYCHOIO.
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STRUCTURAL TRANSFORMATIONS OF A COMPLEX MECHANISM
WITH TWO CRANKS

Complex planar mechanisms are increasingly being used in the process equipment of light
industry. The lack of a universal method of kinematic research of these mechanisms allows us
to assert the relevance of work on the structural analysis of multilink mechanisms. Purpose
of the work-is simplify the kinematic analysis of a complex third-class flat mechanism with
two cranks using another possible sequence of study. To do this, we analyzed the possible
structural transformations of the structural formulas of the structure of the mechanism de-
pending on other possible initial mechanisms. To study the effect of movement of one crank
we conditionally stopped another. On the contrary, we stopped the first crank of a complex
mechanism and analyzed the structural transformations of its structural formulas.
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CTpyKTypHi IpYITH BUILOTO KJIACY, 10 CKIAAYy SKUX HAIXOIATh YOTHPH, LIICTh
a0o OiJIbLIIe JIAHOK 3 BIAMOBIJIHOIO KUIBKICTIO KIHEMAaTHYHUX T1ap 3 OJIHOTO OOKY BXKe
BUKOPHCTOBYIOTHCS 200 MarOTh MEPCIIEKTHBH JI0 3aCTOCYBaHHS B MEXaHI3Max TeX-
HOJIOT1YHOTO 00JIaHAHHS JIETKOI MPOMUCIIOBOCTI, 3 1HIIIOTO — HE MAalOTh PO3po0IIe-
HUX VHIBEpPCAJbHUX METOMIB KIHEMAaTHYHOTO Ta JWHAMIYHOTO JOCHiKEHb.
[ToB’s3aH0 Take 3 PI3HOMAHITTAM BHU/IIB CTPYKTYPHUX TPYII, SIKi MOXKYTh OyTH YTBO-
PCHi YOTHpMa, a B OCOOJIMBOCTI IIICThMa Ta OLTBIIOK KITBKICTIO JIAHOK Ta BiITIOBI-
JHUMH iM KIHEMAaTHYHUMH TTapaMu.

Henocratast po3poOka CrocoOiB CTPYKTYpHOTO aHai3y CKJIATHUX IIOCKHX
rPyII JIAHOK € ()aKTOPOM CTPUMYBAHHS X BUKOPUCTAHHS B TEXHOJOTTYHOMY 00181~
HaHHI MaIIMHOOY/iBEIbHUX Tally3ei BUPOOHHUIITB, 30KpeMa, B MAIIMHOOYIyBaHHI
JIETKO1 IPOMUCIIOBOCTI, TOMY JTOCITi/P)KEHHS, SIKi TIOB s13aHi 3 CTPYKTYPHHUM aHAIi30M
CKJI/IHUX [UIOCKUX MEXaHI3MiB € aKTyaJllbHIMH B Cy4aCHHX YMOBaX PO3BUTKY TeOpii
OyZI0OBU MEXaHi3MiB.

[MuTaHHAM DOCHTIKEHHS MEXaHi3MIB BHITUX KJIACIB PUCBIIYETHCS PsijI poOiT,
B SIKMX PO3MIIAAAIOTHCS 33/1a4i CTPYKTYPHOTO CHHTE3Y IIECTHIIAHKOBOTO CKJIQJTHOTO
MmexaHi3My [1] abo anHaizy MexaHi3My 3i CKJIaTHOIO CTPYKTYpPHOIO I'PYIIOIO JIAHOK
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