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Introduction

Steam turbine control valves are the executive mechanisms of the steam distribution system. It is on
their reliable operation that the stability of the turbine operation and its reliability, in the case of possible
emergency situations, depends. Therefore, studies of the strength of control valve casings are important to
ensure the reliable operation of the turbine and equipment in general.

In the modern K-325 steam turbine, there are two identical combined units [1], each consisting of a
stop valve and two control valves located in a common casing. The latter is a complex shape casting (Fig. 1)
with overall dimensions of 1.5x1.6x1.5 m. Under a pressure of 24 MPa, superheated steam with a tempera-
ture of 54 °C is fed through a branch into a steam inlet chamber (under the stop valve) and, after passing
through the valve, further into the chamber above it, common to the two control valves located in the same
casing. In the central chamber, the steam passes through a steam strainer, preventing weld flash and foreign
inclusions from entering the valve unit and the turbine flow path. In the same casing, there are channels after
the control valves, separated from the central chamber by thin bridges.

In this paper, one of the blocks with control valves CV1 and CV3 is considered, since steam con-
sumption through this block is always higher than that through the other (control valves CV2 and CV4 are
located in the second block operating parallel to the one under consideration).

Normal operation of a turbine is impossible without a reliable steam flow control system, which is why
strict requirements are established for the operational reliability of control valves. As the operating experience
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shows, cracks appear in the valve steam receiving chamber and
branches before the control valves in each of the casings, which

requires significant repair and restoration work. This explains i e
the actuality of assessing the strength of the K-325 steam turbine
control valve casing.

The purpose of this paper is to determine the most | Al 1A
stressful zones and assess the possibility of plastic deforma- 5 B

tions of the control valve casing in its crack formation zones,
with the steam turbine operation in the stationary modes.

To determine the boundary conditions of the thermal
strength problem (casing temperature and vapor pressure on its
walls), the steam flow and thermal conductivity processes in the
valve casing were considered together. Then the problem of es-
timating the elastic-stress state of the valve casing was solved. Fig. 1. General view of the control valve block

The valve operates in transitional and stationary operating modes [2]. The transitional modes are
caused by the turbine start-up from a cold, hot, or warm state. In this work, the strength of the valve casing is
investigated in seven stationary operating modes (see the table below). The design modes were the ones with a
maximum and minimum turbine power of 320 and 30 MW; the ones for the case when the opening of the con-
trol valve CV3 takes place at 176 and 180 MW; the one with the maximum rate of steam flow through the
valve at 240 MW; the part-load operation ones at 100 and 220 MW. The maximum steam flow at 240 MW
(and not 320 MW) is due to the fact that the control system uses two blocks of stop and control valves. The
steam flow through the second valve block (CV2 and CV4) increases significantly after 240 MW, which leads
to a decrease in flow through the first valve block, despite the increase in the opening of control valves CV1
and CV3. At the same time, the opening rate of control valves CV2 and CV4 at 240 MW is higher (depending
on turbine power) than that of control valves CV1 and CV3.

Design Modes
Power, Steam flow though CV1 opening, | CV3 opening, Pressure Pressure
MW the valve block, kg/s mm mm after CV1, MPa after CV3, MPa
30 9.23 1.2 0 2.163 12.478
100 48.26 9.4 0 11.223 12.478
176 94.62 18.6 0 21.979 12.478
180 99.43 19.1 0.6 22.031 12.478
220 147.7 26.4 7.6 22.525 19.116
240 162.8 30.1 13.2 22.646 22.115
320 140.3 40.2 34.6 22.798 22.799

Assessment of the Valve Casing Thermal State

The flow of steam in the steam distribution unit of the K-325 steam turbine was modeled in the three-
dimensional setting, taking into account the heat losses through the casing walls and thermal insulation. The
thermal insulation is the valve outer casing made of 300 mm thick mineral wool (type M2B). In the calcula-
tions, it was taken into account as an additional solid with the properties of a heat insulating material. In the
mathematical steam flow model, Reynolds-averaged Navier-Stokes equations for a viscous compressible heat-
conducting gas were used. They are represented by the equations of steam continuity, change of momentum,
and energy conservation [3, 4, 5]
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where p is the gas (steam) density; ¢ is the tirne; x;, x; are the Cartesian coordinates; U;, U ; are the flow rate
components; p is the pressure; W, is the effective viscosity, [ = +U,; W, |, are the coefficients of lami-

nar and turbulent viscosity; 7 is the temperature; p” is the modified pressure
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where k is the kinetic energy of turbulence; £,

is the total enthalpy; 7 is the effective stress; A is the thermal
conductivity.

Heat transfer both in the valve casing and thermal insulation is modeled by the heat equation
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J J

is the material thermal conductivity.

m

where p,, is the material density; ¢, is the material heat capacity; A

In this case, the steam flow rate, pressure and temperature were given at the control valve block inlet.
The boundary conditions at the valve block inlet were the flow rate values determined through the steam
flow, its density and cross-sectional area. The flow rates on the valve casing walls were zero. The flow rates
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Fig. 2. Casing temperature at power:
a—-30MW;b-176 MW; ¢ — 180 MW; d — 320 MW
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on the valve casing walls were zero. At the block
outlet, the conditions were represented by static :
steam pressure values. The casing inner surface | 4 -7 /
temperature corresponded to the temperature of '
steam in the near-wall nodes. On the outer sur-
face of the thermal insulation, the boundary con-
ditions of free convection were given. ,
As a result of the numerical simulation of
steam flow and thermal conductivity, the casing v
temperature values and steam characteristics 40
(speed, pressure and temperature) in the valve 30 100 180 220 240 320
block were obtained. The finite element model in Twrbine power, MW
the computational models under consideration con- Fig. 3. Seat wall temperature after the control valves:
sisted of 33 million elements and 9 million nodes 1 — seat temperature of control valve CV3;
with five cells (elements) in the boundary layer. 2 — seat temperature of control valve CV1
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From the calculation results shown in Fig. 2, it follows that the temperature field of the control valve
casing is different for different stationary operating modes. The steam temperature before the turbine control
valves is practically the same as that before the stop valve. In the casing itself, after the control valves, with
the valves partially open, a significant drop in the steam temperature may occur due to throttling. Fig. 3
shows the temperature of outlet branch walls after the control valves (CV1, CV3) at different turbine power.
A significant decrease in steam temperature in the control valves (by 100 °C) is observed at low power with
a nominal vapor pressure after the boiler. According to the results of the assessment of the thermal state of
the valve block casing under consideration, it can be said that the difference between the temperatures of the
casing and steam is largely independent of the turbine power and the opening value of control valves CV1
and CV3, except for the outlet branches and control valve seats, where there is a significant decrease in tem-
perature compared to that of steam. The influence of the temperature gradient, which reaches a value of
100 °C, is registered further when evaluating the elastic-stress state of the valve casing.

Assessment of the Valve Casing Elastic Stress State

The calculation of the elastic stress-strain
state of the K-325 steam turbine control unit casing
is performed using the three-dimensional mathe-
matical model for casing deformation. The problem
was solved by the finite element method. Full de-
formations at a point are described by the following

equation [6]:
fe.}=%"}+[pI'fo.},

where {Ge} is the vector of elastic stresses; [D] is

Point no. 1 Pomntno. 22

Point no. 1 Point no. 22

the stiffness matrix; {sn} is the vector of elastic de-
. T,
formations; {8”’ }= AT[OLff oy 00 0] is the

vector of temperature deformation; o', oc;e, o) are

the coefficients of thermal expansion.
The finite element model in the calcula-

tions under consideration consisted of 197 thou- a b

sand elements and 289 thousand nodes. The Fig. 4. Steam distribution chamber:
boundary conditions in the form of the casing tem- a — upper part, cross-section B-B; b —lower part, cross-
perature and pressure on the internal surfaces of the section;

—e— — fist circuit; —@— — second circuit;

casing were obtained in the calculations of the P L
—o— — third circuit; —e— — fourth circuit

thermal state in the corresponding modes. Since the
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finite-element models for estimating the temperature state and the elastic stress state of the casing were not the
same, the temperature values for the casing and pressure on its surface were interpolated to a new grid to de-
termine the stress state.

As a result of the numerical solution to the problem, the stress state of the valve casing was obtained
in different operating modes of the turbine. The assessment of elastic equivalent stresses was carried out on
the surface of the steam inlet chamber. The results are given for the four circuits in Fig. 4, where the casing
cross-sections A-A and B-B are shown (Fig. 1). These areas of the valve casing were chosen based on the
fact that cracks appear in them during operation.

The calculations revealed that among the modes considered, the highest stresses are observed at a
power of 180 MW. It was found that for this mode, in the first circuit, the stresses reach 100 MPa, whereas
from the side of the control valve CV3 they are 75 MPa, and in the vicinity of the inlet branch, 90 MPa
(Fig. 5, a). In the second circuit, the stresses increase up to 160 MPa in the central part of the chamber, from
the side of the control valve CV1, up to 110 MPa, from the side of the control valve CV3, up to 90 MPa, and
at the inlet branch, up to 135 MPa (Fig. 5, b). In the third and fourth circuits, a significant stress drop is ob-
served: from the side of the control valve CV1, the stresses reach 100 MPa; from the side of the control valve
CV3, 120 MPa; and in the rear part of the chamber, 30 MPa (Figs. 5, c—d).
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Fig. 5. Stress in the circuits:
a — first; 6 — second; B — third; r — fourth;
Turbine power: =0 — 30 MW; =%~ — 100 MW; =0~ — 176 MW;
—— _ 180 MW; —¥— _ 220 MW; —8— — 240 MW; =% _ 320 MW
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With a power of 30 MW in the first ;2 3
and second circuits, the following stresses i
were obtained: from the side of the control
valve CV3, 45 MPa in the first circuit and

58 MPa in the second one. At the same time, \ \ \ \
from the side of the control valve CV1, the

stresses reach 20 MPa. For other operating /

)4\

modes, the stress state is almost the same. In
the first circuit, the stresses reach 40 MPa with
a slight decrease in the rear part of Fhe .Cham— Fig. 6. Scheme of branches before the control valves
ber up to 35 MPa. In the second circuit, the (cross-section C-C, Fig. ),
stresses reach values of 45 MPa with an in- points 1-4 refer to stress control places
crease in the vicinity of the inlet branch up to
60 MPa. In the third circuit, the stresses reach 200
30 MPa, and in the fourth one, 40 MPa.
Maximum stresses in the valve casing
are observed in the branches before the control
valves CV1 and CV3. It should be noted that it
is in these areas that the formation of cracks is
observed during operation. The stresses at the | 12
four points, shown in Fig. 6, were determined
depending on turbine power (Fig. 7). In the
turbine operating mode corresponding to a
power of 180 MW, the stresses at points 1 and
2 reach 190 MPa, and at points 3 and 4 they
reach 160 MPa and 130 MPa, respectively. A0k
Accordingly, in the mode corresponding to a L
power of 30 MW, the stresses before the inlet 30 100 180 220 240 320
to the control valve CV1 reach 100 MPa, and Power. MW
before inlet to the control valve CV3, 30 MPa.
In the other modes, the stresses at the points
under consideration are close to 80 MPa.
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Fig. 7. Stresses at points:
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The valve casing is made of 1SHIMIFL steel with the yield strength of 168.2 MPa. Mechanical
properties were taken for a metal temperature of 540 °C [7]. As follows from the results obtained, the
equivalent stresses exceed the yield strength, which indicates the possible appearance of plastic deforma-
tions. This indicates the need to study the valve casing strength in the turbine operation mode corresponding
to a turbine power of 180 MW in the elastic-plastic formulation. Differences in stresses in different operating
modes are associated both with changes in the valve casing thermal state and pressure distribution on its
walls. The results obtained can be used in solving the problem of cyclic strength.

Conclusions

A numerical analysis of the steam flow and heat conduction in the steam distribution system was car-
ried out in the three-dimensional formulation for the stationary operating modes of the K-325 turbine with dif-
ferent power. The boundary conditions for solving the problem of the thermally stressed state are determined. It
is revealed that with decreasing turbine power, the temperature of the walls of outlet branches decreases. The
maximum temperature decrease to 455 °C is observed at a power of 30 MW. The largest stresses exceeding the
material yield strength and causing the appearance of plastic deformations were detected at a power of
180 MW. For the first time, it is shown that a decrease in the casing temperature caused by steam throttling af-
ter the two control valves (by 50 °C for CV3 and 15 °C for CV1) increases the stresses in the casing more than
the decrease in temperature only after one valve (PK1) by 100 °C. Based on the results obtained, it can be said
that the most dangerous mode according to the criteria of static strength of the control valve casing is not the
nominal operating mode of the turbine at a power of 320 MW, but a part-load operation mode, at 180 MW.
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TennoBuii ii HANPY:KeHN CTAH KOPIIyca PeryJ0K4oro KianaHa naposoi TypOiHM Ha cTanioHaApHUX
pe:kuMax poodoTu

'Koasimiok A. C., * Ilyabxenxo M. I

! ITT «Jlepr«aBHuii HayKOBO-iHKEHEPHHUIA IEHTP CHCTEM KOHTPOITIO Ta aBAPiiHOTO pearyBaHHs»
04213, m. KuiB, nip. 'epois Cramiarpamy, 64/56
? [ncTuTYT IIPO6IEeM MamnHOGYxyBaHHs iM. A.M. ITizropaoro HAH Vkpainn,
61046, Ykpaina, M. Xapkis, By:1. [Toxxapcekoro, 2/10

Memoto 0anoi pobomu € 8usHaUeHHA HANOIIbUL HANPYHCEHUX 30H | OYIHKA MONCIUBOCIT NOABU NIACTIUYHUX Oe-
opmayiil Kopnycy pezynionuo2o KIanaua 6 Micysx noseu mpiur nio Yac eKCHayamayii Ha CmayioHapHux pexicumax
pobomu napoeoi mypbinu K-325. 3aoaua po3eé’sizyemuvcs 6 06a emanu. Choyamky U3HA4aiomvCs Xapakmepucmuru meyii
napu 6 cucmemi napoposnodiny ma memnepamypa xopnycy. Ilomim oyinoemvcs npyscrHuil HanpysceHo-0epopmosanuii
Cman KOpnycy 0OH020 3 080X 0IOKI8 KIanawis (uepes aKutl 6Umpama napu 3a6xicou 6iibuua, Hidc yepes iHuull) 3 GUKOpUcC-
MAHHAM 3HAYEHb NoJis memnepamyp Kopnycy. Xapaxmepucmuxu meuii napu 6 cucmemi napoposnooiny ma meniosui
CMan KOpHycy pezynioiyozo KIanand SUSHAYAIOMbCs YUCETbHO MemOOoM CKiHueHHux enemenmis. [lleuokocmi, memne-
pamypa ma muck napu Ha Cminyi KOpnycy 3Haxo0amvCsi Ha OCHOBI po3s’sizanns pieHanna Has'e-Cmoxca 6 mpusumiphiil
nocmarnosyi. Bcmanosneno, wo memnepamypa napu nepeo pe2yuouumy Kianawamu mypoinu npakmuyHo He iopisHs-
€mbcs 8i0 memMnepamypu nepeo CmonopHuM Kiananom. Y camomy e KOpnyci 3a pe2ynoiodumu KIananamu 3a ix 4acmko-
8020 BIOKpUMMA MOXCEe BI0DYBAMUC CYMIMEBE SHUNCEHHS MeMNepamypu napa yepe3 OpocenioganHs. SHauHe 3HUHCEHHs
memnepamypu napu 8 pezynorouomy kianaui (Ha 100 °C) cnocmepicacmbcsa Ha MAAUX NOMYHCHOCAX 3 HOMIHATLHUM
MUCKOM napu 3a KOMaom. Po3paxyHoKk npyi#cHO20 HANPYHceHo-0eqhopMo8aH020 CIMAHY KOPRYcy ONIOKY pe2ynto8ants 30iil-
CHEHO 3 BUKOPUCIAHHAM MeMOOy CKIHUEeHHUX eleMeHMi8 Ha OCHO8I MPUBUMIPHOL MamemMamuyHoi Mooeni 0epopmyeanHs
Kopnycy. B pe3ynomami Ompumano HanpyjiceHutl Cman KOpnycy Kianana 3a pisnux pescumise pobomu mypoinu. Iloxasza-
HO, WO BIOMIHHOCII 6 HANPYHCEHHAX OJSl PIZHUX PENHCUMIE NOG'S3aHI 31 SMIHAMU MENI08020 CMAHY KOPNycy KIanaHa ma
PO3NOOLIOM MUCKY HA 11020 CMIHKU. Bcmanoeneno 30Hu MoJNCIUUx niacmuynux oepopmayiii Kopnycy Kianaua, oe npy-
JICHT HANPYICEHHSL NEPESULLYIOMb MECY NIUHHOCIE Mamepiany. 3 OmpuManux pe3yiomamie GUNIUEAE, Wo HAtOLIbW He-
Oe3neuHUM PedtCUMOM 30 CIMAMUYHOL MIYHOCTI KOPRYCY Pe2ynioiouo20 KIanana € HeHOMIHATbHUL pedcum pobomu mypoi-
Hu 3a nomyasicnocmi 320 MBm, a wacmxosuii — 3a 180 MBm.

Kntouoei cnosa: meuis napu, cucmema napopo3nooiny, mepMoHanpy*CeHuli CMaH, Kopnyc Kianaud.

ISSN 0131-2928. Journal of Mechanical Engineering, 2019, vol. 22, no. 2 43



JMHAMIKA TA MILIHICTb MAIINH

Jliteparypa

1.

2.

3.

ITnotkun E. P., Jletizeposuua A. III. TTyckoBble peskMMbI TTapOBBIX TypOWH 3HeprodiaokoB. M.: Dueprus, 1980.
192 c.

3apsakuH A. E., CumonoB b. I1. Peryampyromme U CTOMOPHO-PEryIUPYIONTHE KianaHa MapoBbIX TypOuH. M.:
Mock. anepr. un-t, 2005. 360 c.

Menter, F. R. Eddy Viscosity Transport Equations and their Relation to the k—¢ Model. ASME J. Fluids Eng.
1997. Vol. 119. Iss. 4. P. 876-884. https://doi.org/10.1115/1.2819511

Komsmok A. C., lllynexenko H. I'., babaes U. H. UncneHnHoe MoAenMpOBaHUE TEUCHHUS IApa B PETyIUPOBOY-
HOM KJ1anaHe TypOuHbL. Becmu. osueamenecmpoenus. 2011. Ne 2. C. 106-110.

Komsmrok A. C., Ulynexenko H. I'., Epmos C. B. Teuenue napa u pacnpenesieHue TeMrepaTypsl B CUCTeMe apopac-
TpeeseHusI TYPOHHBI JJIsl PA3IIMIHBIX PEKAMOB €€ paboThl. Asuay.-kocm. mexnuxa. 2012. Ne 7. C. 85-90.
[ymexenko H. T'., Komsamiok A. C. OreHka Moa3ydecTd KOpITyca peryJUpyoero KiamaHa mapoBoi TypOuHsl K-
325. Bicn. HTY «XIIl». Cep. Enepeemuuni ma meniomexuiuni npoyecu ti yemamysannsi. 2014. Ne 11. C. 125-131.
ITHAD T"-7-002-86. Hopmpl pacueTa Ha IPOYHOCTH 000PYAOBAaHUS U TPYOOIPOBOIOB ATOMHBIX SHEPTETHIECKUX
yctanoBok / 'ocatomduepronanzop CCCP. M.: Dueproaromusnat, 1989. 525 c.

DOI: https://doi.org/10.15407/pmach2019.02.044

UDC 539.3 This paper proposes an analytical-numerical approach to solving the spatial prob-

lem of the theory of elasticity for the layer with a circular cylindrical tube. A cylin-

INVESTIGATION c.lric.al. de;m;ty Zzick.-w;lll.ed tube is locatfzd ins.ide thil layer parall?l fo its S;OZIC&; an.d
to it. It 1s necessary fo investigate the stress-strain state of the elastic
OF THE STRESS odos

bodies of both the layer and tube. Stresses are given on the inner surface of the tube,

STRAIN STATE and displacements, on the boundaries of the layer. The solution to the spatial prob-

OF THE LAYER WITH lem of tize Zzewytof el}lslt‘z;city, 'is obtati.ned %)yt;lhe gifaf;m.liz;zd Focuzi.’ie}; method .witg
t to the system of Lamé's equations in the cylindrical coordinates associate
A LONGITUDINAL it

with the tube and the Cartesian coordinates associated with the boundaries of the

CYLINDRICAL THICK- layer. Infinite systems of linear algebraic equations obtained as a result of satisfying

WALLED TUBE AND the l;tou;.dalry and ctonjufiation conditionl;vta.re ;vlol\;ed b.y the tr.urtzcatfiotZ m;th?d. lAs a
result, displacements and stresses are obtained at various points of the elastic layer
THE DISPLACEMENTS

and elastic tube. Due to the selected truncation parameter for the given geometrical

GIVEN AT THE characteristics, the satisfaction of boundary conditions has been brought to 10°. An
BOUNDARIES analysis of the stress-strain state for the elastic body at different thicknesses of the
tube, as well as at different distances from the tube to the boundaries of the layer is
OF THE LAYER conducted. Graphs of normal and tangential stresses at the boundary of the tube and
layer, as well as normal stresses on the inner surface of the tube are presented.
Vitaliy Yu. Miroshnikov These stress graphs indicate that as the tube approaches the upper boundary of the
m0672628781 @ gmail.com layer, the stresses in the elastic bodies of both the layer and tube increase, and with
ORCID: 0000-0002-9491-0181 decreasing tube thickness, the stresses in the elastic body of the layer decrease,
. ) growing in the elastic body of the tube. The proposed method can be used to calcu-
Kharkiv National late structures and parts, whose design schemes coincide with the formulation of the
University of Construction problem of this paper. The analysis of the stress state can be used to select the geo-
and Architecture, metrical parameters of the designed structure, and the stress graph at the boundary
40, Sumska str., Kharkiv, of the tube and layer can be used to analyze the strength of the joint.

61002, Ukraine
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Introduction

When designing composite structures and components whose calculation scheme is the layer with a

built-in longitudinal circular tube, it is necessary to have an idea of the stress-strain state of the layer and
tubes, as well as the stress in their joint. To achieve this, it is required that there be a method of calculation
that would give an opportunity to obtain the result with the necessary accuracy.
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