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1. VmockoHaneHHsI IPOTOYHUX YaCTUH BUCOKOHAMIPHUX 0O0POTHUX TiIpOMAaIIUH HA OCHOBI YMCETbHOTO

MOJIEJIIOBAHHS iX riApOIMHAMIYHUX XapaKTEPUCTUK

2. Improvement of the water passages of the high-pressure reversible hydraulic machines based on numerical
modeling of their hydrodynamic characteristics

Pedepar:

1. lucepralito NpUCBSYEHO BUPIIEHHIO HAYKOBO-TIPAKTUYHOI 3a/1a4i YIOCKOHAJIEHHS IPOTOYHUX YaCTHUH
BHICOKOHAIIipHMX 0OOPOTHUX TiJpOMAIIVH 32 PaXyHOK PO3POOKM METOiB PO3paxyHKy Ta aHasli3y ix
rizpoavMHaMivHUX XapakTepucTuk. Ha migcraBi po3risany TeHIEHLIN PO3BUTKY TipO€HEPreTUKY YKpaiHuy, 3
ypaxyBaHHSM pOJIi BUCOKOHAMIPHUX 0O0OPOTHUX riipOMaIivH B 06'€JHAHIN eHepreTUYHil CUCTeMi, BifMideHO
aKTyaJIbHICTb IIPOEKTYBAHHS HOBUX [IPOTOYHMX YaCTUH. BU3HaUY€HO nepeBaru Ta HeJOJiKM iCHYIOUNX METOLIB
IOCJiIKEeHHS TiIpoAMHAMIYHUX [IPOLECiB Y IPOTOYHUX YAaCTMHAX 0OOPOTHUX rijpoMaiivH. HaBeneHi pesyabTatu
PO3PaxyHKY TigpoAMHAMIYHUX XapaKTEPUCTHK €JIEMEHTIB IIPOTOYHOI YACTMHU Ha OCHOBI METOZY OCEPEIHEHNX
6e3po3mMipHUX apaMeTpiB 1t 060poTHuX rimpomamud OPO200-B-100 Ta OPO500-B-100. 3acTocoBana



MaTeMaTU4Ha MOJeJIb pOO0YOro MpoLecy rijpOMallMHY Ha OCHOBI 6JI0YHO-i€pPapXiYHOrO MigXo4y [JIsl IPOBEIEHHS
IOCTimKeHHs 6asaHCy eHeprii. BusHaueHo BIIJIMB reOMETPUYHUX [TapaMEeTPiB eJIeMEeHTIB IPOTOYHOI YaCTUHU Ha
MMOKa3HUKY pob6oTH. [TpoBesieHO YyrcesbHe NOCiIKeHHs TPOCTOPOBO] Teuil pifvHU B IPOTOYHIN YacTUHI
BMCOKOHAIipHMX 0O0POTHUX TifjpomMaiivH 3a gonomoroo CFD, mo 103B0IMIO BU3HAUYUTH Ta Bi3yaslizyBaTu KapTUHY
teyii. Ckyaneno 6anancu eneprii rizpomamud OPO200-B-100 Ta OPO500-B-100. BinmiueHo, mo po3nofin BTpat
I10 eJleMeHTaM MIPOTOYHOI YacTuHU HepiBHOMipHU: 1yt OPO200-B-100 Haii6inblly 4acTUHY BTPAT CKJIaal0Th
BTpaTu B poboyomy Koseci (6:113bko 56 %), nst OPO500-B-100 - BTpaTu y nifgsoi (6;113bko 62 %). OnucaHo
OCHOBHI I10JIOKEHHSI BUBHAUEHHSI ONITUMAJIbHOTO PEXXKUMY pOO0OTU 060POTHOI rilpoMalIMHU. 3alIpOIIOHOBAHO Ta
nmociyimkeHo mogudikoBaHUH TiABiA ny1sa TuxoximHoi 060poTHOI rimpomamuan OPO500-B-100, 106 nigsumuTy i

eHepreTVYHi MOKa3HUKU: Kpale y3rojkeHi esnementy [T4 Tta rinpasnaiuauii KK]I 36inbmuBcs Ha 2 %.

2. The tehesis is devoted to the solution of the scientific and practical problem of improvement of the water
passages of the high-pressure reversible hydraulic due to calculation and analysis their hydrodynamic
characteristics. Based on the review of the trends in the development of hydropower engineering in Ukraine and
given the role of high-pressure reversible hydraulic machines in the United Power System, it was noted that the
designing a new flow parts is topical task. Advantages and disadvantages of the existing methods for research
hydrodynamic processes in water passages of reversible hydraulic machines were identified after their analysis.
The results of the calculation of the hydrodynamic characteristics of the elements of the water passages based on
the method of averaged dimensionless parameters using the example of reversible hydraulic machines OPO200-B-
100 and OPO500-B-100 were demonstrated. The mathematical model of the hydraulic machine working process
based on a block-hierarchical approach was used to study the energy balance in the turbine and pump modes of
hydraulic machines. The influence of the geometrical parameters of the elements of the water passage on the
performance was determined: how the angle of flow in the spiral casing, the height of the wicket gate and the
shape of the wicket gate profile influence the value of the coefficient resistance in the wicket gate. A numerical
study of the three-dimensional flow of fluid in the water passage of high-pressure reversible hydraulic machines
was carried out using the CFD software. This program allows determining the character of the flow and presenting
the fields of distribution of velocity components, pressure and streamlines. The balances of energy were compiled:
for the OPO200-B-100 in the turbine and pump operation modes, for the OPO500-B-100 in the turbine operation
mode. It is noted that the distribution of losses on the elements of the water passage is not uniform: for the
OP0O200-B-100, the greatest part of the total losses are losses in the runner (about 56%), for OPO500-B-100 -
losses in the inlet (about 62%). The main points for determining the optimal operating mode of the reversible
hydraulic machine are described. The modified inlet for low-speed high-pressure hydraulic machine OPO500-B-
100 was proposed and investigated to increase energy performance of hydraulic machine. The spiral casing was
expanded, the number of stay vane blades and wicket gate blades were reduced to 16. As a result of the
calculations of the modified inlet, the obtained results showed that the second variant made it possible to better
align the elements of the water passage and the hydraulic efficiency increased by 2 %.
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