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ABSTRACT 3D-methods for the calculation of flow are used in this work. The solid model of the inlet is created. The mesh of the
tetrahedral typeis constructed. The boundary conditions for the calculations in the program are given, namely: the ratein inlet of
the spiral casing and pressure on an exit. The choi ce of theturbulence model was based on thetasksthat were set earlier. The results
of numerical research of three-dimensional flow of a fluid flow in the high-head radial-axial hydraulic turbine are presented.
Calculations are conducted for prognosti cation of descriptions and opti mi zation of form of water passage of hydraulic turbines. The
calculation of coefficient of losses of kinetic energy in the elements of inlet of hydraulicturbineis conducted. The total energy losses
in theinlet of the water passage using different applied program packages are determined. The comparison of the data, which was
obtained by in the calculations and the experimental data, is produced. The distributions of thetotal pressure and static pressure are
presented in this paper. The velocity distribution in the meridional sections is presented. The complex nature of fluid flow is
described. The secondary fluid flowin the spiral casng of the hydraulic turbineis confirmed by calculations. This secondary motion
in the spiral casing of the hydraulic turbine appears due to the complexity of the fluid flow. Condusions about the results of the
three-dimensional calculations are made. Using special programs in the design of hydraulic turbines can reduce the technological
resources and time.

Keywords: hydraulic turbine; inlet; k- model of turbulence; coefficient of losses; distribution of pressure; distribution of velocity;
secondary motion

YUCEJBHE JOCJALKEHHA MOTOKY B NIJIBO/II BACOKOHAITIPHOI
I''rIPOTYPBIHAN
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AHOTALIA Ilpeocmasneni pe3ynemamu HUCENTbHO20 OOCAONCEHHA MPUBUMIPHOI meyii NOmOKy piouHu 6 BUCOKOHANIPHIl
paodianvHo-ocvosil ciopasniuni mypOiHi. BusHaueno empamu NnoeHoi eHepeii 8 NiOGIOHUX eneMeHmax NpoOmouHOI YacCmuHu 3a
00NOMO2010  Di3HUX nakemié HPUKIAOHUX npozpam. IIposedeno nopieHAHHA OAHUX, OMPUMAHUX NPU PO3PAXYHKAX MA
eKCnepumMeHmansHux cmenoosux oauux. Onucano cxiaouuil xapakmep meuii nomoky piounu. Po3spaxynkosum wisxom
niomeepodNCceHo HAsBHICMb 6MOPUNHHULL PYX PIOUHU 8 cnipanvhii Kamepi ciopaeniunoi myp6inu. Ilopiensino pezynvmamu, sKi
OMPUMAHI WITAXOM PO3DAXYHKY i3 3ACHOCYBAHHAM NAKEMI8 NPO2Pam ad MAKoIC eKCHEPUMEHMANbHI OaHHI.

Knrouosi cnosa: ziopasniuna mypoina; niosiona uacmuna; K-&¢ modens mypoynenmnocmi; koeiyicnm empam; po3nooil mucky;
PO3N00IN WEUOKOCI;, BMOPUHHULL PYX.

Introduction

Research of losses in water passage is one of basic
problems of theory of hydromachines. These cal culations
on different operating modes allow to define the change
of energy of liquid in the different elements of water
passage of hydromachines and to investigate process of
the forming of optimal mode. All of that alows to get
recommendations on the improvement of geometry, both
separate elements of water passage and its on the
whole[1].

Numeral va ue of |osses determined on the basic of
theory of similarity on the non-dimensiona coefficients
of resistance of k [2]. It is necessary to know the change
of complete pressure in the characteristic sections of
running part of hydromachine.

The losses of energy in a hydroturbine consist of
hydraulic, mechanical, and volumetric. Disk and

hydraulic losses make the basic part of losses in a high-
head hydroturbine. They differentiate at the place of
origin (in a spird casing, stator, wicket gate, runner and
draft tube).

For the high-head hydroturbines losses of energy
in inlet equa to the haf of al hydraulic losses in water
passage. Therefore, it is necessary to give large attention
during designing of the inlet of high-head hydromachine

[3].

For perfection of water passage of hydraulic
machine with high power indexes it is necessary to
choose al el ements on kinematics parameters, taking into
account the difficult picture of three-dimensiona fluid
flow in them.

Nowadays there is a variety of the programs for a
caculation and analysis of the fluid flow in hydraulic
machines. They got a wide use. The numeral design of
three-dimensiona turbulent flow of liquid is redlized in
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these programs (Fluent, CFX, OpenFoam, Flow Vision,
Numera). They dlow to get the detailed information
about character of flow and to determine average value of
kinematics characteristics in the specified sections of

water passage
Theaim of the paper

Comparison and anaysis of data, which have been
got by different calculation programs, and experi mental
dataisthe aim of this work.

Expostion of basic material

Cadculations of three-dimensiona turbulent flow
of liquid in the inlet were carried out in this work. They
were compared with the results of experimental data, and
calculations on the basic of direct problem of CCTI.

High-head Francis turbine Fr500-B-100 with head
500 m have been considered. The inlet of hydro-turbine
consisted of spiral casing (SC), columns of stator and
wicket gate (WG). A spird casing has circular and
elliptical meridian cross-sections, the angle of coverage in
the plan ¢ = 360°, the coefficient of velocity in the inlet
section K = 0.755. A spira casing is expected by law of
constancy of moment of velocity (V,r = const). There are
12 vanes in stator. The number of vanes of wicket gateis
equal to 24, the profile them has positive curvature.

Three operating modes with the reduced rates and
opening of wicket gate were considered (reduced values
for the diameter of model D1 = 400mm):

1 mode: Q' =0.225 mé/s, ap = 19 mm;

2 mode: Q" = 0.250 m¥c, ag = 22 mm,

3mode: Q"= 0.270 m¥c, ap = 24 mm.

Experimental researches were conducted on the
installation of department of hydraulic machines for the
hydroturbine of Fr500 with different modifications of
water passage [4]. The variant of inlet for comparison
with numeral researches of fluid flow was chosen. These
cal culations were produced in the package of softwares of
CFD.

Boundary conditions were set for acaculation in the
program, namdly: therate in inlet of the spira casing and
pressure on an exit. All calculations were conducted for
the diameter of runner, which equal 1 m, and for the head
H =1 m, the k-e mode of turbulence of flow was chosen.

It is a simple two-parameter model of turbulence.
Two equations of transfer are calculated in this model,
they determine turbulent velocity and length scae. It
traditionally is considered that the standard k-¢ model of
turbulence provides good results a the design of fluid
flows with smal gradients and with the using of the
caculation mesh (with the large values of parameter of
y"). Therefore, it be possible to say, that the k-¢ model is
very popular due to rapid convergence and relatively low
requirements to the volume of memory during the solving
of the applied hydrodynamic problems.

The value of rdative kinematics energy of
turbulence of the fluid flow was set for every calculating

mode. It depends of parameters of the fluid. In this paper
k was accepted 5% from the possible range of values that
can choose automatically in the program (1%, 5%, 10%).
Also for the existent complexes of the programs, it is
possible by hand to set parameters. Then calculate every
parameters by formulas and vary initia data.

Discussion of results

Comparison of cdculation and experimenta data
will dlow in the future to simplify the process of
modernisation of hydraulic machine during purposeful
modifications. In this case, time and resources diminish.

On the first stage of redization of numericd
research of the solid moddl was created (fig. 1), after that
the construction of calculation mesh was made (fig. 2). In
this work in explored spiral casing with the columns of
stator and wicket gate the cal culating mesh was built with
the total number of cells 4,49 million; 4,64 million; 4,45
million (for every mode accordingly).

Dueto complex geometry and difficulty of
construction of the block-structured meshes, a tetrahedral
mesh was built for the economy of time. There are
prismatic layersin wall areas and frontier layer for quality
description of processes (for k-¢ choose 12 layers). The
thickness of the first wal layer was selected for the
providing of the acceptable value of dimensionless value
y*. The modd of turbulence, which was chosen before,
effects on it too (for k- models of turbulence y* < 100).
There is condensing of the mesh near inlet and outlet
edges of stator columns and vanes of wicket gate [7-12].

Calculations for three fixed opening of wicket gate
with different boundary conditions were conducted after
the construction of calculation mesh, because the modes
changed (namely fluid rate in the inlet of the spira
casing).

Hydraulic losses determined by the formula

— total — total
_ Pinla - Poutlet

P9

Ah

Total losses in the inlet are presented on graph
(fig. 3).

Experiment

Ab, % A
—— CFD calculation

— @ — CCTI calculation

QL m¥s
Fig. 3— The energy lossesin the inlet e ements
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Fig. 2 — The calculation mesh

Dependences of totd losses in the inlet of the
hydraulic machine from the rate, which was obtained as a
result of the calculation using CFD (continuous curve),
CCTI (stroke curve) [5] and experiment (conformable
points) are presented on afigure [4].

The calculated values of losses of tota energy
were confronted with data that was before determined by
experiment and cal cul ations by program CCTI.

Both the curves have identical character.

The coefficients of resistances were determine by
formula

where ﬁz%h — relative losses.

For the optimal mode the coefficient of resistance
in a spira casing with the columns of stator is equal
knscrss = 1.469. The values of coefficients of resistance in
inlet (spiral casing, columns of stator and wicket gate) at
the different opening of wicket gate arein the table 1.

Table 1 — Coefficient of resistance of inlet.

Q’, m¥/s 0.225 0.250 0.270

ap, MM 48.38 54.44 60.48
(D1=1m)

Knintet 7.34 5.671 4.864

From data of cdculation researches, it may be
concluded, that the dimensionless coefficient of losses of
tota energy depends on opening of wicket gate. The
certain value of the reduced rate corresponds to this
opening. When the rate increase, the coefficient decrease,
and other parameters of the modes are constant. Processes
that took place in the elements of the inlet of hydraulic
turbine presented below more detail and demonstrably.

Flowing around of spiral casing, stator and wicket
gate is presented as distribution of total pressure for each
of the considering modes (fig. 4, 5, 6).

Fig. 4 — Distribution of the total pressure (Qi” = 0.225 md/s,
spiral casing with stator)

Fig. 5— Distribution of thetotal pressure (Qi" = 0.225 md/s,
spiral casing with stator and wicket gate)

Fig. 6 — Distribution of the total pressure (Qi” = 0.270 m¥/s,
spiral casing with stator and wicket gate)

The component of total pressure (static pressure) is
represented on fig. 7, 8, 9.

Thefull velocity on fig. 10, 11, 12.

If to consider components of veocity in
meridiona sections (distributions of that are presented on
the fig. 13), it is possible to observe a secondary flow in
the spira casing of hydroturbine. This flow leads to
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appearance of the vortex pair. The vorticity appears in a
spiral casing and leads to increasing of hydraulic losses. A
meridiona section is consdered under the angle of
@ =120° (fig. 14).

Fig. 7 — Distribution of static pressure (Qi" = 0.225 m¥s,
spiral casing with stator)

Fig. 8 — Distribution of static pressure (Qi" = 0.225 m¥/s,
spiral casing with stator and wi cket gate)

Fig. 9 — Distribution of static pressure (Qi" = 0.270 m¥s,
spiral casing with stator and wi cket gate)

A secondary fluid flow, which was determined in
the optima mode of operating of hydroturbine, during
consideration of elements of the inlet: spird casing with
the columns of stator. This fluid flow is appeared due to
complex geometry. It influences on the fluid flow in the
inlet.

Appearing of the secondary fluid flow in e ements
of the inlet of the hydroturbine was researched not only
by the program CFD but aso during redization of
experiment. Components of the full velocity after wicket
gate were determined (before runner). The distributions

of these constituents are on a height in one of meridional
sections (the angle of plane of section is equal to 1209).

Fig. 10 — Distribution of the velocity (Qi" = 0.225 m¥/s,
spiral casing with stator)

Fig. 11 - Distribution of velocity (Qi" = 0.225 m®/s, spiral
casing with stator and wicket gate)

Fig. 12 — Distribution of velocity (Qi" = 0.270 m®/s, spiral
casing with stator and wicket gate)

Fig. 13— Distribution of the full velocity in the meridional
section
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Fig. 14 — Vortex structure of t'he fluid flow in a spiral
casing in the optimal condition

Conclusons

The experimenta data and data, which were got by
the cdculation in the packages of specific programs,
showed that losses in the inlet of hydraulic turbine are
connected with the complex structure of the fluid flow.
Therefore the optimal concordance of al e ements of the
inlet influence very much for providing of energy
characteristics of hydraulic machines. During comparison
of data there is a smal value of errors in parameters,
namely in losses. Then it is possible to say that using the
packages of specific programs for prognostication of
necessary results, considerably simplifies a planning
process hydraulic machines.
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Pe3Bas, K. C. UncieHHoe ncciaenoBaHie IIOTOKa B IOJBOE BeICOKOHaNopHoit ruapotypbune / K. C. Pe3Bas, E. C. Kpyna,
B. J. ipanxoBckuii, O. B. ITorerenko, U. U. Toiubsanosa [ Becmuux HTY «XITH», Cepusi: Hosvle pewienust 6 cospemeHHbIX
mexuonozusix. — Xappkos: HTY «XTI». — 2017. — Ne 7 (1229). — C. 97-102. — doi:10.20998/2413-4295.2017.07.13.
AHHOTALIHA Ilpedcmasnenvt pe3ynvmamsl YUCLIEHHO20 UCCIE008AHUSL MPEXMEPHO20 MeYeHUsi NOMOKA HCUOKOCMU 8
8bICOKOHANOPHOU PAOUAIbHO-0Ce8oll 2udpasiudeckou mypoune. Onpedenenvt nomepu NOJIHOU SHepeuU 8 NOOBOOAWUX INEMEHMAX
NPOMOYHOU HACMU C NOMOWDBIO PA3HBIX NAKEMO8 NPUKIAOHBIX npocpamm. llpoussedeno cpashenue Oanmvle, NOAYUEHHLIX NPU
pacuemax u IKCNEPUMEHMANLHLIX CMEeH008bIX Oannblx. Onucan ClodiCHbIl Xapakmep meuenus nomoka dxcuokocmu. Pacuemom
NOOMEEPIHCOEHO CYUECMB08AHUS BMOPULHO20 MeUeHUe HCUOKOCMU 8 CNUPATbHOU Kamepe eUOpAIUiecKoll mypouHbi.
Knwuesvle cnosa: cudpasnuueckas mypbuna, noosooswas dacms, k-¢ mooenv mypOyieHmHocmu; Kod@uyuenm nomepuw;
pacnpeodenenus 0asienus; pacnpeoenenue cCKOpocmu, 6MopuyHoe 08udlceHue
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