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When designing the flow part of the turbine using the calculated and

experimental research methods[1, ¢.28]. Recently, in order to reduce the amount of

physical experiment, great attention has been given to a numerical experiment. This

allows you to reduce the time and cost of design work, which leads to the

comprehensive introduction of automated hydro turbine design systems into
engineering practice.

In order to ensure high energy-cavitational parameters of the flow part of the
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hydro turbine, it is necessary to conduct a comprehensive hydrodynamic analysis of
the flow part using modern CFD application software packages. These packages
allow us to calculate the viscous turbulent flow in the cavity of a hydro turbine of any
complexity [2, ¢.203].

The flow simulation in the hydraulic machine can be carried out in various
approximations. One of the most common and effective approaches is the stationary
cyclic statement, in which it is assumed that the currents in all interscapular channel
of the guide vane and in the inter-blade channels of the runner are the same [1, c.63].
In this case, the calculation is carried out only in one of the channels of the guide
vane and the runner, and on the side borders of the channels the conditions for the
periodicity of the flow are set [3, ¢.184]. To transfer flow parameters from rotating
segments to fixed and vice versa, their values are averaged in the circumferential
direction [4]. Such an approach significantly saves computational resources, but it
does not make it possible to take into account the circular irregularity of the flow and
the non-stationary effects associated with it [5, ¢.120].

The article presents the results of a computational study of fluid flow in a spiral
case and in the area of stator grids and guide vane of the high-pressure Francis
turbine Fr500, performed using the CFX-TASCflow program [6, c.14] and the model
developed at the hydraulic machines department [7, ¢.97].

Numerical modeling of the spatial flow in the flow part of the hydro turbine
was carried out to determine the change in energy characteristics, therefore the k - ¢
model of turbulence was chosen, this model is the most successful model of first-
level turbulence of the circuit [8]. To describe the turbulent quantities, it uses a
system of two nonlinear diffusion equations - for the mass density of turbulent energy
k and the dissipation rate of turbulent energy ¢ [9, ¢.216].

This model was developed in the 70s [10, ¢.272]. There are also modifications.

When using this model, the system of equations of fluid motion is
supplemented by two differential equations describing the transfer, respectively, of
the kinetic energy of turbulence k and dissipation rate ¢ [11, ¢.33].

We write two equations for k and &:
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where, constants for models with two differential equations e C. 0'09,

051=1-44, Cs2 :1'92, Ok :1'0, 0621'3, P _ takes into account the occurrence of

turbulence due to viscous friction forces and is determined by [12, ¢.193]:

R, = 1VU(VU +VUT)—§VU(3MVU + pk)+ Py,

In more detail, models based on two differential equations are given in.

Numerical simulation of the flow in the flow parts of the hydro turbine Fr500
was carried out for the design area, including the intervene channel formed by stator
columns, shoulder guide vanes, runner blades and draft tube for a model with a
diameter runner D1=500 mm.

The obtained results of the calculation of the spatial flow are presented in the
form of averaged values of the total and static pressures of flow, averaged flow
angles in relative and absolute motion, and values of losses in individual elements of
the flow parts. For runner at a mode point with minimal total losses close to optimal,
a static and total pressure field in the computational domain, the distribution of the
components of the meridional and peripheral components of the full velocity before
entering and output the runner, as well as the trajectory of fluid particles in draft tube.

In fig. 1 shows the trajectories of the movement of the fluid particles in the
draft tube (when the fluid flow from the runner falls out) at the optimum mode based
on the calculation of the spatial flow.
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Fig. 1. The trajectories of the movement of fluid particles in the draft tube

The location of the current lines in the draft tube Fig. 4 shows that the speed
decreases from the inlet to the outlet of the draft tube, due to which the kinetic energy
Is converted into pressure energy. There is a gradual drop in pressure from inlet to
outlet along the suction and pressure side of the runner blades.

The pattern of fluid motion also shows the orderly nature of the flow in the
draft tube (secondary flows in the draft tube are weak). This improves the recovery of
static pressure in the draft tube and does not lead to additional losses. The reason for
the favorable flow in the peripheral region of the draft tube is a sufficient swirl of
flow beyond the runner.

The results of the calculation of the energy loss (at the optimal mode) in the

flow parts of a high-pressure Francis turbine Fr500 are shown in the table.

Table 1 - The results of the calculation of the energy loss in the flow parts of a high-
pressure Francis turbine

0,
Turbine | Calculation Spiral case gﬂfégy losses, % 3
type program EStator vane Runner | Draft tube
Two-
dimensional 0,6 3,02 1,61 5,23
Fr500 model
3D model 0,77 25 1,66 0,2 5,13

The main conclusions obtained in the article:

1. To reduce the amount of physical experiment, it is necessary to pay more
attention to the numerical experiment. This will reduce the time and cost of design
work.

2. Considered in detail the nature of the movement of fluid in the flow part
high-pressure hydro turbine.

3. The results of the calculation optimal mode of the hydro turbine using two-
dimensional and three-dimensional flow models are given, the obtained data are in

good agreement with each other.
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4. To improve the energy performance of high-pressure Francis turbine, it is
necessary to study in more detail the effect of the geometry of the guide vane on the
formation of losses in the hydro turbine.

Jliteparypa:

1. Chernyiy, S.G., Chirkov, D.V., Lapin, V.N. et al.: Numerical simulation of
currents in turbomachines. Nauka, Novosibirsk, 2006. — 202 c.

2. Chung, T. J.: Computational fluid dynamics. Cambridge university press.
2002. — 1012 c.

3. Tucker, Paul G.: Computation of Unsteady Internal Flows. Fundamental
Methods with Case Studies. Springer, US, 2001. — 376 c.

4. ANSYS: Ansys 16.0 Release Documentation, Theory and Modelling Guide.
ANSYS Inc., Canonsburg, PA, USA, 2015.

5. Myronov, K. A., Oleksenko, Yu. Yu.: Using CFD to calculate the spiral case
and stator columns of the high-pressure Francis turbine. Bulleetin of National
Technical University “KhPI”. Series: Hydraulic machines and hydrounits. 17(1293),
50-53, 2018. - C. 116-121.

6. Suhorebryiy, V. V. Barlit, V. E. Drankovskiy, V. S. Rao, L. K. Harvani:
Characteristics of the spatial turbulent flow and energy loss in the elements of the
flow part of the Fr500 hydro turbine. Prob. mechanical engineering T. 7, 3, 2004. —
C. 13-20.

7. Kolychev, V. A., Mironov, K. A., Tyn'janova, I. I.: Calculation and analysis
of the balance of energy losses in a high-pressure radial-axial hydraulic turbine.
Eastern-European Journal of Enterprise Technologies 1/2(13), 2005. — C.95-106.

8. Jost, D.; Skerlavaj, A.; Morgut, M.; Meznar, P.; Nobile, E. Numerical
simulation of flow in a high head Francis turbine with prediction of efficiency, rotor
stator interaction and vortex structures in the draft tube. J. Phys. Conf. Ser., 2015.

9. Barlit, V. V., Mironov, K. A., Vlasenko, A. V., Jakovleva, L. K. Calculation
and design of the flow parts of jet turbines based on numerical simulation of the
workflow. NTU “KhPI”, Kharkiv, 2008. — 216 c.

10. Launder, B. E., Spalding, D. B.: The Numerical Computation of Turbulent

Flows. Comp. Meth. Appl. Mech. Eng. 3, 1974. — C. 269-289.
60


http://www.amazon.com/exec/obidos/search-handle-url/ref=ntt_athr_dp_sr_1?%5Fencoding=UTF8&search-type=ss&index=books&field-author=Paul%20G.%20Tucker

11. Kolychev, V. A., Mironov, K. A., Tyn'janova, |. I.: Modeling the energy
characteristics of hydro turbines at the initial design stage. Eastern-European Journal
of Enterprise Technologies 1/6(43), 2010. — C. 27-38.

12. Kolychev, V. A., Drankovskiy, V. S.. Calculation of the hydrodynamic
characteristics of the guide vanes of the turbine. NTU “KhPI”, Kharkiv, 2002. — 268 c.

YK 621.327 TexHiuH1 HayKH

AHAJII3 PEXKMMIB POBOTH KABEJILHUX JIIHIN EJEKTPOITEPEJIAYU TA
PO3POBKA 3AXO/IIB 11010 MIIBUILIEHHS X HAJIIMHOCTI

Haymos A.0.,

cmyoeum Il kypcy HHI Enepeemuxu,

ABMOMAMUKU [ eHep2o30epelcerHs

Hayionanvnoeo ynisepcumemy biopecypcis

i npupodoxopucmyeanHs Ykpainu

Jns mepenayi 1 po3MOJLTY €JIEKTPOEHEPrii BUKOPHCTOBYIOTHCS MOBITPSHI 1

Ka0OeNbH1 JIiHIT; BapTiCTh KaOENbHUX JiHINA BHUINE, OJHAK BOHU 3HAXOMIATH IHPOKE
3aCTOCYBaHHA B BEJIMKHMX MICTaX 1 Ha MPOMMCIOBHUX MIANPUEMCTBAX, 1€ PIBEHb
€JICKTPOCIIOKMBAHHS 1 HIIJIbHICTh HABAHTAXKCHHS JIOCUTH 3HAYHI, & TAKOXX B MICIIIX,
JIe 3aCTOCYBaHHS MOBITPSHUX JIHIN Baxke (HANPUKIIAJ, TIPU Mepexoiax Tpacu JiHii
yepe3 BOJAHI TepuTopii). B manuii yac npu OyIIBHUITBI KaO€IbHUX JIIHIA IIUPOKO
BUKOPUCTOBYIOTHCSI CHJIOBI Kabeni cepenboi 1 Bucokoi Hanpyru 6500 kB cydacHux
KOHCTpYKI[iK. HallOouib1oro nmommpeHHs OTpUMYIOTh CHIJIOBI OAHO(a3H1 kabeini 3
130JISIII1€10 13 3MTUTOTO TOJIETUIICHY.

Bucoxkuii piBeHb HanpyTH Xuiu oHO(a3zHOro Kabelto B Mepexax kiaciB 6 kB 1
OlbIlle MPU3BOAUTH J0 HEOOX1THOCTI BUKOPUCTAHHS B KOHCTPYKIII KaOeao Merase-
BOTO €KpaHy, BUKOHYBAHOTO Y BUTJISAI IPOTiB 1/ a00 cTpiuku. OCHOBHUMH 3aB/IaHHS-
MU, SIKI BUPIIIYE €KpaH, € BUPIBHIOBAHHS €JIEKTPUYHOTO MOJISA, 10 BIUIMBAE HA TOJIOB-
HY 130JIS111110 KaOemro (130JIS1II0 «KUJIa-€KpaH»), 1 YCYHEHHS €JIeKTPUYHOro TOoJIsl Ha

MoBepxHi kKabemto. /Iy 3HMKEeHHS HaNpYTy Ha €KpaHl BUKOHYETHCS WOTO 3a3eMJICHHS
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