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IMPROVEMENT OF STEAM INLET OF THE HIGH PRESSURE CYLINDER FOR K-220-44-2
TURBINE OF THE LOVIISA NPP

A model for calculating the viscous flow of steam through a conical perforated steam sieve is proposed. The model takes into account the complex
geometry of the channels, the results of design and engineering developments and computational studies to optimize the stop valves of the steam line
for flow path of the high-pressure cylinder of the K-220-44-2 turbine for the Loviisa NPP are considered (Finland). The main attention during the
modernization of stop valves 1 and 2 was paid to the problem of reducing losses on the steam sieve. A number of design features largely offset the
effect of a large number of holes. These include the flow around the perforated surface at an angle to the axis of the holes; obstruction of the steam line
channel behind the side surface of the steam sieve with three longitudinal ribs, as well as by an annular zone without holes at the junction of the side
and bottom surfaces. During modernization the inner diameter of the inlet part of the body in casting was increased, which made it possible to increase
the free cross-section of the perforated steam sieve. The proposed design solutions were investigated numerically. The spatial three-dimensional flow
of a viscous compressible steam through the flow path was analyzed by numerically integrating the system of Navier-Stokes equations averaged by
Reynolds-Favre. The system was supplemented with equations of the differential turbulence model. The integration of the system of Navier-Stokes
equations and associated equations was carried out using the author's software package. The calculated subdomains were approximated by
unstructured hexahedral meshes. The solver used an implicit difference scheme of finite volumes of the 2nd order of accuracy and a variant of the
algorithm that allows efficient splitting of the computational process for multiprocessor platforms. The solid walls were assumed to be adiabatic, the
no-slip condition and the equality of effective vortex viscosity to zero were set on them. Turbulent effects were described based on the Menter model
and the modified Spalart-Allmaras turbulence model.
Keywords: nuclear power plant, turbine, check valve, steam, numerical simulation, velocity, pressure loss.

B. I. COJIOJJOB
BAOCKOHAJIEHHSI TAPOBIIYCKY TYPBUHM K-220-44-2M AEC «JIOBIICA»

3anponoHOBaHO MOAEIb B'A3KOro Iepediry mapu uepe3 KoHidHe mepdopoBaHe IMapoBe cHTO. Mogelb BPaxoBye CKIAAHY IEOMETpil0 KaHaliB,
pe3ynbTaTi po3poboK Ta PO3PaxyHKOBHX JOCIIKEHb MIO0 ONTHUMI3ALi 3amipHOl apMaTypy IapoONpOBOAY HPOTOYHOI YaCTHHH LIIIHIPA BHCOKOTO
tucKy TypOinu K-220-44-2 mas AEC Jlosiica (®immsapmis). OCHOBHY yBary IpH MoAEpHi3amii 3amipHOi apMaTypu OylIo HpHIiIEHO HpoOieMmi
3HIDKCHHS BTPaT Ha MApoOBOMY CHTi. Psii KOHCTPYKTHBHHMX OCOOJIMBOCTEil 6araTo B YoMy KOMIIGHCYe e(eKT BeIMKOl KilbkocTi oTBOpiB. o HUX
BIZTHOCATBCS OOTiKaHHs MeppopoBaHOI MOBEPXHI MiJl KyTOM OCi OTBOPIB; 3aXapalieHHs KaHAIly [TapolpoBOLY 3a OIYHOIO MOBEPXHEIO MApOBOrO CHUTA
TpbOMa MO3ZOBXKHIMU peOpaMu, a TaKOK KUIbIEBOK 30HOK Oe3 OTBOPIB Ha CTUKY OiYHOI Ta HIDKHBOI MOBEPXOHb. Y XOXi MopepHizauii Oyio
301JbLICHO BHYTPILIHIA [iaMeTp BXiIHOI YaCTHHU KOPIYyCy, IO IO3BOJHJIO 30UIBLIMTH HPOXIAHHN Iepepi3 mephopoBaHOro0 MApoOBOrO CHTA.
3anponoHoBaHi KOHCTPYKTHBHI PillIeHHs JOCIIKEHO YiCeNbHO. [IpocTopoBHil TPHBUMIPHHIT ITOTIK B'SI3KOT [ApH, 0 CTHCKAETHCS, IIPOAHAITi30BaHHUI
LUISIXOM YHCENBHOTO IHTerpyBaHHA cucTeMHu piBHSHb HaBbe-CrTokca, ycepemHeHux mno PeiiHompacy-®Paspy. CucremMa JONOBHEHA pPIiBHSHHSIMHU
nudepeHniaTbHol Mojeni TYpOyIeHTHOCTI. [HTerpyBaHHS HMPOBOAMIOCS 32 JOIIOMOIOI0 aBTOPCHKOTO Makera IporpaM. Po3paxyHkoBi mizoOnacTi
aIpOKCHMYBAJIUCS HECTPYKTYPOBaHUMH T'eKCaeIPUYHUMHE ciTkamu. [Ipy BUpILIEHHI BUKOPHCTOBYBAIACs HEsBHA Pi3HHIEBA CXeMa KiHI[EBHX 0OCSTIB
2-T0 TOPSIIKY TOYHOCTI Ta BapiaHT alrOPUTMY, HIO J03BOJSE CPEKTHBHO PO3IUIHTA OOUHCITIOBATIGHHUI MPOIIEC s 0AraTomporecopHX mIaThopm.
TBep/i CTIHKM BBaXKayHcs aniabaTHYHIMM, HA HUX CTAaBWJIMCS YMOBA NPIIMIAHHA Ta PiBHICTh €)EKTHBHOI BUXPOBOI B's13k0cTi Hymo. TypOyneHTHi
edexTH omucyBanics 3 ypaxyBaHHSAM Mojeni MenTepa i MoaudikoBaHoi Mozeni TypOynenTHocTi Crianapra-Aimapaca.
Ku11040Bi cj10Ba: aTOMHa €JIeKTPOCTaHIIis, TypOiHa, 3BOPOTHUI KJalaH, napa, YUCelbHEe MOJICIOBAHHS, IIBU/IKICTh, BTPATa TUCKY.

B. I. COJIOJJOB
COBEPILIEHCTBOBAHUE MAPOBITYCKA TYPBUHBI K-220-44-2M A9C «JIOBUMCA»

IMpennokeHa MOJETb BS3KOTO TEUCHHS Iapa depe3 KOHMIeckoe nep(hopHpoBaHHOE apoBOe CUTO. MOzelb yIUTHIBACT CIOXKHYIO FTEOMETPUIO KaHAIIOB,
pe3yabTaThl pa3pabOTOK M PACUETHBIX MCCIEOBAHMI 1O ONTHMM3ALMK 3allOPHOI apMaTyphl MapoHNpoOBOJA NPOTOYHON YacTH LMJIMHJIPA BBICOKOIO
nasienus Typounsl K-220-44-2 mns ADC Jlosuuca (@ummstaans). OCHOBHOE BHHMAHHE IPH MOJCPHH3ALHU 3aIllOPHOH apMaTypsl OBLIO yIEeTIEeHO
mpobieMe CHIDKEHHs IOTeph Ha MapoBOM CHTE. Psi KOHCTPYKTUBHBIX OCOOCHHOCTEH BO MHOTOM KOMIIEHCHpPYeT 3((deKT OONBIIOro KOIMYecTBa
orBepctuil. K HUM oTHOCATCS oOTekaHHe nep(OpUpOBAHHON MOBEPXHOCTH HMOJ YIJIOM K OCH OTBEPCTHH; 3arpOMOXJICHHME KaHaja IaporpoBOAa 3a
OOKOBOI MOBEPXHOCTHIO MAPOBOTO CHTA TPEMS MPOJOJIBHBIME peOpamu, a TaKKe KOJIbLIEBOI 30HOH Oe3 OTBEpCTHI Ha CThIKE OOKOBOW M HIDKHEH
noBepxHocTell. B xone MozmepHI3anuy ObLT yBeIMYeH BHYTPEHHHH JUaMeTp BXOZHOH 9acTH KOpITyca, YTO MO3BOIMIO YBEJIHUUTH IPOXOJHOE CEUCHHE
nepOpHUpOBaHHOrO mapoBoro cura. IIpesioKeHHble KOHCTPYKTHBHBIC PELICHHS UCCIISIOBAHBI YUCICHHO. [IpoCcTpaHCTBEHHBIH TPEXMEPHBIH MOTOK
BSI3KOTO C)KUMAEMOTO0 IIapa POaHaIN3HPOBaH IIyTeM YHUCIEHHOTO HHTETPUPOBAHMS CUCTEMBI ypaBHeHHiT HaBbe-CTokca, ycperHeHHbIX o PeltHombACY-
®aBpy. Cucrema AOHONHEHa ypaBHEHHSAMH AU(GepeHIHaTbHOH MOAENH TypOyIeHTHOCTH. MHTerpupoBaHHE MPOBOIHIOCH C HCIIOIb30BAHHEM
aBTOPCKOTO TaKeTa mporpaMM. PacdyeTHble MOI00IACcTH anmpoKCHMHPOBAINCH HECTPYKTYPHPOBAHHBIMU TeKCadApHIecKuMu ceTkaMu. Ilpn perrennn
HCIION30BANIaCh HEsIBHASL PA3HOCTHAS CXeMa KOHEUHBIX 00BEMOB 2-T0 HOPSIKA TOYHOCTU U BAPHAHT aITOPHTMA, IIO3BOJIIOMIK (D ()EKTHBHO pa3eIuTh
BBIYUCITUTENBHBIA MPOLECC UL MHOTONPOLECCOPHBIX IaTdopM. TBepiable CTEHKH CUMTAIHCh aauabaTUYECKMMM, HA HUX CTaBUJIMCH YCJIOBHE
NPWJINANAHUS M PaBEHCTBO J(DPEKTUBHOH BHXpPEBOW BSI3KOCTH Hymo. TypOyneHTHbIe 3(dEeKThl ONMCHIBAIMCE Ha OCHOBE Mojxenu MeHrepa u
Mo ULIMPOBAHHOM Mozienu TypOyaeHTHocTH CrianapTa-Auimapaca.
KuioueBble ¢10Ba: aTOMHas 21€KTPOCTAHINS, TypOUHA, OOpPATHBII KIanaH, [ap, YUCICHHOE MOJCIHPOBAHIE, CKOPOCTH, IIOTEPSI AAaBICHHS.

Introduction. The nuclear power plant of the solution to the problem of improving the technical and
Loviisa NPP in Finland is equipped with four turbines of  economic indicators of a turbine plant, which consists in
the  second  modernization  K-220-44-2  [1,2], reducing the pressure loss in the steam inlet path by
commissioned until 1980. The article discusses the reducing the resistance of steam sieves in the check
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valves.

Improvement of the steam inlet tract. The steam
inlet line of the K-220-44-2 turbine (Fig. 1, 2) includes
two check valves 1 and two check valves 2 with steam
sieves 3 and upstream steam lines 4 and 5, bypass steam
lines 6 and 7, two control valves 8 and 9 connected to the
inlet pipe 10 of the first stage.

All elements of the steam admission path, except for
the check valves, have the original design. Control valves 8
and 9 are considered in the work as elements of influence
on the characteristics of stop valves.

The flow paths of steam for the four check valves
from the inlet section of the steam sieve to the outlet
section of the seat are practically the same. Thus, the flow
parts of the stop valves 1 and 2 differ only in the shape of
the channels from the live steam line to the plane of the
inlet section of the steam sieve and in the angle of the bend
behind the seat.

Perforated steam sieve has the shape of a truncated
cone and contains cylindrical channels with a diameter of
5 mm: 8190 channels on the side surface and 555 channels
on the bottom surface with a total area of 1,2 times the
inlet area. The holes in the steam sieve are made with a
0,4x45° chamfer at the inlet, the center-to-center distances
are 7mm. A number of design features largely offset the
effect of a large number of holes. These include the flow
around the perforated surface at an angle to the axis of the
holes; obstruction of the steam line channel behind the
side surface of the substation with three longitudinal ribs
with a thickness of 16 mm, as well as an annular zone
without holes with a total width of 47,5 mm at the
junction of the side and bottom surfaces.

Therefore, the main attention during the
modernization of stop valves 1 and 2 is paid to the
problem of reducing losses on the steam sieve. To solve it,
the inner diameter of the inlet part of the body in casting

diameter of the upper part of the original body, which
made it possible to increase the free cross-section of the
perforated steam sieve.

The proposed design solutions were simulated and
investigated numerically. A method was used to solve the
direct problem of the spatial three-dimensional flow of a
viscous compressible gas through the flow path by
numerically integrating the system of Navier-Stokes
equations averaged over Reynolds-Favre [3]. The system
was supplemented with equations of the differential
turbulence model. The integration of the system of Navier-
Stokes equations and associated equations was carried out
using the software package [4-6]. The calculated
subdomains  were approximated by unstructured
hexahedral meshes. The solver used an implicit difference
scheme of finite volumes of the 2nd order of accuracy and
a variant of the algorithm [5, 6] that allows efficient
splitting of the computational process for multiprocessor
platforms. The solid walls were assumed to be adiabatic,
the no-slip condition and the equality of effective vortex
viscosity to zero were set on them. Turbulent effects were
described based on the Menter model [5] and the modified
Spalart-Allmaras turbulence model [6].

The existing steam sieve is a complex element from
the point of view of gas dynamic calculations. To
overcome the difficulties in calculating the flow around the
sieve in order to save computing resources, a symmetric
fragment was allocated and a sector approach was applied
[4, 5]. The capacities of the grid division by the elements
of the path varied from 5-8 million cells in the flow part of
the valves to 30 million cells in the models of steam sieves.
At the first stage of research, the objects were modeled in
an isolated setting, then — under the conditions of mutual
influence of sieves, stop and control valves.

Numerical simulation of the flow in the steam sieve
variants was carried out in the absence of the possibility of

was increased from 450 mm to 600 mm, i. e. to the inner  experimental verification of the results obtained.
Fig. 1. Model of the original steam inlet and check valve options
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Fig. 2. Scheme of the original steam inlet tract of the turbine

Therefore, the calculation strategy was based on the
preliminary selection of the computational grid for the
flow through a single initial hole and a profiled hole with
a tapered chamfer at the inlet, a cylindrical section with a
diameter of 5 mm and with a diffuser with a central angle
of 8 degrees, the calculated data for which were compared
with known experimental data [7]. The grid parameters
selected in this way were used to simulate the flow for a
symmetric fragment of a real steam sieve. Based on this
computational technology, a detailed gas-dynamic
analysis of losses on sieves of various configurations and
with different shapes of holes has been carried out. The
analyzed configurations were subjected to strength
analysis for the parameters of the K-220-44-2 turbine.

The upgraded stop valve 1 with a flat steam sieve is
shown in Fig. 2, 3 and differs from the original valve in
such new elements as: an upstream extended steam line
with a diffuser channel, which provides minimal
technological cutting of live steam lines, a valve body, a
flat steam sieve with profiled holes, profiled ribs — fairing
supports, valve cup and valve seat.

According to the results of computational studies, it
was found that the losses on the steam sieve in the original
check valves amount to 72 % of the total pressure loss,
and the losses in the valves themselves are concentrated
mainly in the sections of the channel in front of and
behind the valve seat. Therefore, the main focus was on
improving the steam sieve.

The detailed studies of the gas-dynamic and energy
parameters of steam sieves of the original and flat

modifications have shown that flat sieves with profiled
holes are the best [8, 9]. Thus, the use of a flat steam sieve
with profiled holes in the amount of 3640 pieces reduced
the losses in the original check valve by 2 times.

Studies of check valves with the modernization of
the bodies by increasing the diameter of the inlet part
confirmed the advantages of flat steam sieves: the
installation of a sieve with the original shape of the holes
provided a decrease in losses in relation to the original
version by 62 %. The best results were obtained with a
redesigned valve with a flat screen, perforated profiled
holes, and new valve cup and seat shapes.

Fig. 3. Model of the steam inlet and check valve options

Fig. 4 shows the velocity fields in the original check
valve with a sieve and in the upgraded second version.
The graphs of the total pressure loss along the flow path of
the indicated check valves are given in Fig. 5. The loss
factor is defined as the difference in total pressures
between the inlet and in the design section of the bypass
steam line, referred to the velocity head at the inlet.

A detailed comparison of the components of losses
in the original and modernized valves showed that the
main effect is achieved by improving the steam sieve and
increasing its diameter. At the same time, the profiling of
the sieve holes reduces the losses on the sieve by 2,8
times. Improving the shape of the channel formed by the
valve cup and seat reduces valve losses by 20 %.
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Fig. 4. Velocity fields for original and upgraded valve
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Fig. 5. Total pressure loss for original and upgraded valves

Conclusion. Design solutions, along with three-
dimensional modeling, made it possible to increase the
efficiency of the existing version of the flow path of the
steam inlet, and to simplify the technology of
manufacturing steam sieves.
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