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ROTOR HEATING CONDITIONS INFLUENCE ON THE THERMOSTRUCTURAL STATE AND
LIFETIME OF THE 325 MW STEAM TURBINE DURING START-UPS

BuKOHaHO PO3paxyHKOBE JOCIIIKEHHS TEIIOBOTO i TEPMOHAIPY)KEHOT'0 CTaHy POTOpa LIWIIHIpPa BUCOKOTO THCKY IapoBoi TypOiHU
noTyHicTio 325 MBT Ha eTanax mporpiBy i MycKy i3 XOJOIHOro cTtaHy. J{yisi BU3HAYCHHS HECTALliOHAPHOTO TEIUIOBOTO CTaHy, pO3-
poGIicHa METOMKA, IO JO03BOJISE BU3HAYUTH IPAHMYHI YMOBHU TEIUIOOOMIHY 3 BHCOKOIO TOYHICTIO 3aBISIKM BPaxyBaHHIO IIPOLECY
KOHJICHCAIIIi TTapy Ha IMOBEPXHSAX POTOpa i CTYIMEHs AMCKPETH3alil TEIUIOBHX 30H ISl NPU3HAYCHHS IPaHUYHUX YMOB. BpaxyBaHHs
npolecy KOHACHCALIT Y MIXKKOPIIyCHOMY ITPOCTOPI A03BOJIMIIO TOYHIIIE BU3HAYUTH [TApaMETPH Mapa Ha eIeMEHTaX yLIIbHEeHb POTO-
pa. basyrounck Ha pesynbraTax AOCHIKSHHS, 3alPONOHOBAHO 3MiHY KOHCTPYKIII i yMOB MpOrpiBy poTopa B 00JacTi mepeaHporo
KIHIIEBOTO YIIUTGHEHHS HA €Talll MiATOTOBKH /0 MYCKY 3 XOJIOTHOTO cTaHy. [lokazaHa MOXIMBICTH 3HIKCHHS PIBHA TEPMIYHHUX Ha-
Mpy>KeHb 1 BILTUB YMOB MPOTPiBY Ha pecypc TypOiHH.
KurouoBi ciioBa: naposa TypOiHa, TEpPMOMILHICHHI PO3paxyHOK, MaJOLHMKIOBa BTOMa, TEILIONEpejada, KOHICHCALlis.

Beinonneno pacueTHoOE UCCIEJOBaHUE TEILIOBOIO M TEPMOHANPSKEHHOIO COCTOSHUS POTOPA LIMIMHAPA BEICOKOIO 1aBJICHUS IApOBOil
TypOHHBI MOIIHOCTBIO 325 MBT Ha sTanax mporpesa 1 Imycka U3 X0JIOJHOTO COCTOSTHHUS. JIIst onpe/ieseH s HECTA[OHAPHOTO TEIlIo-
BOTO COCTOSIHUS, pa3paboTaHa METOJMKA, HO3BOJISIOIIAs ONPEIECIUTh TPAHUYHbIC YCIOBHS TEIIIOOOMEHA C BBICOKOH TOUHOCTBIO Oa-
rojapsl y4ery Ipolecca KOHJICHCAllMM Iapa Ha MIOBEPXHOCTSX POTOpa U CTCNEHH AUCKPETH3ALUU TEIIOBBIX 30H JUI HAa3HAUEHMs
TPaHUYHBIX YCIOBHH. YUeT mpolecca KOHACHCAIUU B MEXKOPITYCHOM IPOCTPAHCTBE MO3BOJIMI 60Jiee TOUHO ONPEIETUTh apaMeTphbl
napa Ha 3JIEeMEeHTax YIUIOTHEHHH poTopa. basupysch Ha pe3yibTaTax HCCIEA0BaHHUS, PEII0KEHO U3MEHEHHE KOHCTPYKIMU U YCIIO-
BUH IIPOrpeBa poTopa B 00JIaCTH MepeIHEero KOHIEBOTo YINIOTHEHNUsI Ha 3Tale MOATOTOBKU K MyCKY M3 XOIOJHOTO cocTosHus. [Toka-
3aHa BO3MOXKHOCTB CHIDKCHUSI yPOBHS TEPMHUECKUX HANPSDKCHHH M BIMSIHUE YCIOBUH MPOrpeBa Ha PeCypc TypOHHBL
KnioueBble cioBa: mapoBast TypOHHA, TSPMOIIPOYHOCTHOH pacueT, MaJIOUKIIOBast YCTalI0CTh, TEIUIoNepeaada, KOHIeHC A sI.

Thermal and thermostructural study for the 325 MW steam turbine high pressure cylinder rotor during pre-warming phase and cold
start-up has been performed. To determine rotor transient thermal state with highest accuracy, the improved methodology was devel-
oped. According the approach, steam characteristics in rotor flow path and end seals regions have been calculated taking into the ac-
count leakages through drainages and specificity of turbine heating through exhaust hood. The highest accuracy of the method was
provided by realistic prediction of the condensation process on rotor surfaces and simulation of the convection heating conditions
taking to the account condensation influence. Based on the study, the front-end seals design changes and pre-warming process modi-
fication have been proposed. The thermo-structural and lifetime analyses results for the baseline and modified designs have been pre-
sented and discussed in the article.
Key words: steam turbine, thermo-structural analysis, low cycle fatigue, heat transfer, condensation.

Introduction. The lack of peaking power generating
units in the energy sector of Ukraine compel the power
plants operators to perform more frequent start-up events
for 200-300 MW steam turbines [1]. These actions result
in much higher levels of a lifetime consumption for pri-
mary turbine components.

The exploitation experience shows that for signifi-
cant number of units with power 150-300 MW, which
were in operation more than 50 k hours, circumferential
cracks were observed in the high temperature rotors at the
front-end seals zones and seals behind the control stage
[2]. In all cases cracks were the result of high thermal
stresses in the regions of stress concentrators, such as
small fillets, thermo-compensation slots, grooves, etc.

The main factor that limits the number of turbine
start-upsis high thermal stresses at the transient operation
which results in low cycle fatigue(LCF) of components
material. Thermal stresses occur in the turbine rotor and
casing high-temperaturecomponents (high pressureHP and
intermediate pressure IP cylinders). Steam turbine compo-
nent transient thermal state directly influence on structural
and lifetime analyses result and depend on the accuracy of
calculated thermal boundary conditions (BC).

One of the factors that can accelerate LCF life con-
sumption is condensation process, which usually takes

place during the turbine pre-heating phase and at the ini-
tial phase of cold start-up (CS) and continues until the
rotor surface temperature becomes higher than the sur-
rounding steam saturation temperature.

Convection BCsimulation accuracy and, especially,
the effect of steam condensation during CS, are the key
factors to realistically predict turbine unit thermal state
during transients.

A large number of studies have been devoted to the
thermal and thermostructural analysis of the steam turbine
elements [3, 4, 5]. Widely used practice for steam turbine
component convection conditions determination is to ap-
ply correlations based on the Dittus-Boelter equation for
turbulent pipe flow to calculate heat transfer coefficients
(HTC) [1, 5, 6]. Due to complexity and uncertainties for
‘condensation’ conditions simulation, in most cases
researchers ignore this effect, decreasing the accuracy of
the results. Some information for the ‘condensation’ con-
ditions simulation in steam turbine components is pre-
sented in monographs 0 and 0.

The purpose of the present study is to increase the
start-up number for 325 MW steam turbine by design im-
provement. To reach the goal, following tasks will be
solved in this study:
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1) Improve the methodology for steam turbine
thermo-structural analysis at start-up regimes to increase
the accuracy by

(a) ‘Condensation’ effect simulation (determination
of start and end time of condensation process, ‘condensa-
tion’ conditions calculation utilization in thermal analy-
sis);

(b)Account the effect of jet flow for regions with an-
ticipated high level of stresses (front-end seal zone) by
refining corresponding zones for convection conditions
simulation;

(c) Flow parameters determination in seal chambers
taking into the account inter-casing space condensation;

2) Calculate thermo-stress state for base line design
and reveal critical zones with regards to LCF;

Suggest heating conditions and design changes;

3) Estimate the influence of the proposed design on
the steam turbine LCF life.

Background. About 50 % of all steam turbines,
which are used in fossil power plants in Ukraine today, are
the models K-300-240 and K-300-240-2 (PJSC ‘Turboa-
tom‘). All these turbines are in operation approxi-
mately200-290 k hours which exceedthe design life.K-
325-23,5supercritical parameters steam turbine (fig. 1)
was developed by PJSC ‘Turboatom® to replace old work
off machines and increase the efficiency and reliability of
the power plants.

For similar steam turbines, as shown in [2], the most
critical region with regards to LCF cracking is HP rotor
front-end seal zone. To estimate rotor LCF lifetime, ther-
mal and thermo-structural analysis for the component has
been performed and discussed in this article.

Figure 1 — 325 MW Steam Turbine HP Cylinder Cross Sectlon

Thermo-structural Analysis. Cold start-up (includ-
ing turbine pre-warming phase) and shut down will be
considered in this study. Start-up diagrams, recommended
by OEM for K-325-23,5 steam turbine cold start-up,are
presented in the fig. 2.

Cold start-up process for the steam turbine can be
divided into 3 phases. At first phase (reaching the vacuum,
0 — 90 min) the steam with the temperature of 180 °Cand
pressure of 130 kPa comes to the end seals chambers#2
and #10 (fig. 1). The seal'sejector is activated and the
pressure in chambers #1 and #11 becomes of 97 kPa.

At the second period of start-up (90 — 180 min), the
steam with the temperature of 190 °C flows from the
boiler through the cold reheater steam pipes to exhaust
hood. During 15 min steam temperature increases up to
290 °C. The steam from exhaust hood goes through 9™
chamber ring slot to inter-casing space and then to the

front-end seal chamber #7. In this case a portion of the
steam flows from exhaust hood through the turbine flow
path to the front-end seals. Because of this the pressures
from both sides of the carrier ‘A’ are almost the same,
which result in negligible steam flow between 5™ and 6"
front end seals chambers and lack of rotor pre-heating in
this region during whole pre-warming phase. As a result,
at further steps of cold start-up the HP rotor zone under
carrier ‘A’ may be overstressed.

Cold Start-up Diagram (Pre-Heating)
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Figure 2 — Cold Start-up Diagrams with Simulation Time Steps:
a — Pre-warming Phase, » — Cold Start-up

At the third phase of cold start-up: main steam goes
into the flow path, rotor starts to spin and rotation speed
increases. Next steps are ramping-up to the idle mode,
synchronization and reaching the nominal power (see
fig. 2, b).

To simulate transient heating process start-up se-
quence was divided into time steps. For each time step
(see fig. 2), steamflow parameters in the flow path and
rotor gland seals/chambers were determined utilizing
methodology developed by authors and described in [9].

The methodology allows to calculate steam parame-
ters and flow characteristics in the end seals and accounts
for steam leakages in each chamber (see fig. 1). End seals
chambers pressure was determined, taking into account
the hydraulic resistance of the drainage system elements,
bypass steam pipes, and inter-casing space.

To simulate flow characteristics in end seals cham-
bers for the period of heating from exhaust hood, de-
scribed above, the special approach was developed. The
approach allows to calculate heating conditions in inter-
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casing space and estimate the amount of condensed steam
in inter-casing space before the steam reach the chamber
#7 to predict the flow characteristics in the chamber with
high accuracy.

To simulate heat convection conditions, rotor sur-
face was split into thermal zones with convection condi-
tions identical or very close within each zone — see fig. 3.

o o Regulation Stage

Stress Monitoring

EEiiiiidiaiasiiiiis

Figure 3 - FE ModelFragmentand Heat Conv'éction Zones

The BCs of the third kind (HTC and steam tempera-
ture) for the cases of single-phase flow and flow with
condensation have been calculated following [9] for all
rotor surfaces. Convection conditions for HP rotor sealing
zones (sealing groves) for the single-phase flow are calcu-
lated taking into the account jet flow and turbulent pulsa-
tion of working fluid velocity [10].

Finite element (FE) method was used to simulate
thermal and thermo-structural state. 2D axisymmetric FE
model based on 8-node quadrilateral plane elements (with
axisymmetric option) has been developed for transient
analyses. Mesh refinements were done in the regions of
potential stress concentration, such as fillets, groves at
sealing zones, etc. (see fig. 3).

To predict steam condensation during turbine heat-
ing, a special algorithm for transient thermal analysis has
been developed. According to the methodology, for each
local thermal zone (fig. 3) at each time during start-up, the
temperature of the rotor surface was monitored and com-
pared against saturation temperature of the steam sur-
rounding this zone. If local saturation temperature for any
zone is higher than that of local rotor metal temperature,
the condensation process was assumed and ‘condensation’
HTC and steam saturation temperature are applied to this
particular zone as a thermal BCs. In other case, when rotor
surface temperature is higher than steam saturation tem-
perature, HTCs were calculated with the assumption of
single-phase flow and the superheated steam temperature
is used for convection BCs.

Figure 3 shows calculated HP rotor temperature dis-
tribution for baseline model during pre-warming, CS, and
steady state operation. It can be observed that at front-end
seals region high-temperature gradients take place at time
105, 140 and 182 min. from the beginning of the turbine
start-up. Another peculiarity of the baseline turbine design
and start-up sequence is that a rotor portion between
chambers 5 and 7 (see fig. 1) remains cold up to the time
180 min, when the rotor starts to spin.

Design Modification. To improve heating condi-
tions for the HP rotor and overcome potential problems
with high stresses, the design changes in the region of

front end seals (see fig. 5) and modified start-up process
have been proposed. Modified design (fig. 5b) contains
three insertions in the inner carrier ‘A’, which forms
chambers 12 — 14. The slot from chamber 7 has been
made instead of chamber 6 slot. Carrier under chamber 7
contains three seal rings.
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Figure 4 — Rotor Thermal State during CS (Baseline Design)
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Figure 5 — Front End Seals Design: (a) Baseline; () Modified

At the first phase of start-up, steam from steam
header additionally comes to the chambers 8, 12 and 14.
Steam parameters for this case are equal to parameters in
chambers 2 and 10 (temperature T =180 °C, pressure
P =130 kPa).

At the second phase of start-up, the steam goes from
cold reheater through the exhaust hood to 13™ chamber
with the similar to flow path and inter-casing space pa-
rameters. Chambers 3, 9, 12 and 14 are connected to the
condenser.

Thermal analysis has been performed for the modi-
fied design according to approaches described above. Ro-
tor thermal state during cold start-up for the modified de-
sign is presented in fig. 6. Thermal analysis results show
that at pre-warming phase rotor portion under carrier ‘A’
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is heated more uniformly and intensively in comparison
with the baseline design.
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Figure 6 — Rotor Thermal State during CS (Modified Design)

Rotor structural analysishas been done in elasto-
plastic formulation. The effect of material plasticity was
taken into the account to estimate total deformations in
critical rotor regions and LCF life with high accuracy.
Experimental stress-strain and strain-life data at room and
elevated temperatures for the rotor steel grade
20H3MVFA have been used and can be found in [11].
The rotor material assumed to be cyclically hardened and
the multi-linear kinematic hardening plasticity model has
been applied for the thermo-structural simulation. The
analysis model includes the Bauschinger effect and geo-
metrical nonlinearity.

The thermal gradients contribute a major portion of
stresses into the entire stress-strain state for the HP rotor.
The transient temperature distribution, calculated earlier,
is applied to the structural FE model as the thermal load at
appropriate time steps to simulate thermal stresses. Struc-
tural BC and centrifugal loads were also considered in the
analysis.

223 min

333 min

mm — |
0 200 400 MPa
Figure 7 — Rotor Von Mises Stresses during CS for Baseline
Design

The results of the thermo-structural analysis are pre-
sented in fig. 7-9. Von Mises stresses distributions for the

rotor at front-end seals region during cold start-up are
presented in fig. 7 for baseline design (corresponding
scheme in fig. 5, a) and in fig. 8 for modified design (cor-
responding scheme in fig. 5, b).

Equivalent von Mises stresses versus time during
turbine pre-warming phase and cold start-up for the moni-
toring point #4 (fig. 3) and corresponding metal tempera-
tures at this point are presented for baseline and modified
designs in the fig. 9.

183 min
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Figure 8 — Rotor Von Mises Stresses during CS for Modified
Design
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Figure 9 — Stresses in Monitoring point #4 during CS for Base-
line and Modified Designs

The highest level of thermal gradients and stresses
for the baseline design can be observed at front-end seals
zone under the carrier ‘A’ (fig. 5, @) at 183 min from the
beginning of cold start-up. At this time, hot steam comes
in the turbine flow path and get into the seals under the
carrier, where steam condensation process takes place.
The analysis shows that the thermal shock at this time
period is more critical than at all following start-up steps.

For the modified design (fig. 5, b) maximal stresses
appear at 116 min in the front-end seals region. It should
be noted that as the result of more uniform heating under
the front-end seals carrier, overall stress level during tur-
bine cold start-up for the proposed variant is much lower
(see the chart in fig. 9).
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Lifetime Analysis. There are two major factors that
limit high-temperature components service life: thermo-
mechanical fatigue (LCF) and creep. For HP turbine rotor,
thermo-mechanical fatigue evolves due to varying stresses
during start-up — shut down cycles. While creep associated
with the time of turbine continuous operation at steady
state. The goal of the study is to estimate the number of
steam turbine start-ups. Thus, the focus was paid to the
LCF analysis only and creep effect was not considered in
the present study.

LCF analysis is performed based on calculated
thermo-mechanical stress-strain state in a non-linear plas-
tic statement and experimental strain-life diagrams for the
rotor material [11].Two full cycles of start-up — nominal
operation - shut down were considered in the thermo-
structural analysis to reach stabilized stress-strain hystere-
sis loops for the rotor critical regions with regards to LCF
crack initiation(stress monitoring points in fig. 3).

To estimate rotor LCF life, an equivalent effective
strain range was calculated based on FE thermo-structural
results for the rotor critical zones. The number of cold
start-up cycles N to LCF crack initiation was calculated
using formulas (1) and presented in table 1 for each criti-
cal point from fig. 3 for baseline and modified designs.

. N
N:mln{NaNa Nas}; NaN :%; Nas:N(gaKa)a (1)
N
where ¢, — strain amplitude, Ky =5, K, = 1.5 — safety fac-
tors recommended by [11].

Table 1 — LCF Analysis Results

Point Baseline Design Modified Design
# Eqy Y0 N &4, Y0 N
1 0.2558 320 0.0719 >20000
2 0.1967 1200 0.0606 >20000
3 0.1285 8000 0.0491 >20000
4 0.0508 >20000 0.0498 >20000
5 0.0395 >20000 0.0425 >20000

The LCF analysis results show that maximal defor-
mations for both variants of design appear in the point #1
(fig. 3). For the baseline design there a risk of the crack
initiation after 320 cycles of cold start-up (not to take into
the consideration other transients). Modified design shows
significantly lower strain amplitudes and consequently the
much higher allowable number of start-ups.

Conclusions. The improved approach for a steam
turbine rotor thermal and thermostructural analysis, which
allows to take into the account steam condensation proc-
ess and calculate thermal BC with high accuracy has been
developed. Based on the simulation results for 325 MW
steam turbine HP rotor, the design changes of the front-
end seals carrier and heating conditions modification dur-
ing the pre-warming phase are proposed. The influence of
heating conditions on thermostresses and LCF lifetime for
the baseline and modified designs was estimated and the
results show that proposed changes make it possible to

— Provide more uniform heating and lower
thermostress level for the HP rotor at front-end seal region
during pre-warming phase;

— Increased allowable number of turbine start-ups.

Bibliography:

1. Peshko V.A. Establishing control over the residual re-
source of temperature elements of steam turbines: candidate-
degree thesis: 05.14.14 thermal and nuclear power installations /
V.A. Peshko.—Kyiv, 2017. — in rus.

2. Sudakov A.V. Servise Life Extension Substantiation for
Steam Turbines with Components which have Deviation from
Normative Documentation / A.V. Sudakov, S.N. Gavrilov,
E.V. Georgievskaja, A.I. Levchenko // Neftegaz.RU. — 2015 — 2,
Ne 1 —PP. 42-47. —in rus.

3. Brilliant HM. Analytical Approach to Steam Turbine
Heat Transfer in a Combined Cycle Power Plant / H. M. Brilliant,
A.K. Tolpadi. — Proceedings of ASME Turbo Expo, Vienna,
2004.

4. Born D. Thermal modeling of an intermediate pressure
steam turbine by means of conjugate heat transfer — simulation
and validation / D. Born, P. Stein, G. Marinescu, S. Koch, D.
Schumacher. — ASME Turbo Expo. Seoul, South Korea, 2016,
GT2016-57247.

5. Chernousenko O.Ju. High power steam turbines service
life estimation and lifetime extension: monograph /
O.Ju. Chernousenko. — Kharkiv: FOP Brovin A. V., 2014. — 308
p. —in rus.

6. RTM 108.020.16-83. Steam Turbines Rotors and Cas-
ings Thermal Analysis. — M.: Minjenergomash, 1983. — 116 p. —
in rus.

7. Matsevity Yu.M. Heat exchange in construction of steam
turbines elements / Yu.M. Matsevity, S.V. Alyokhina, V.N. Golo-
schapov, O.V. Kotulskaja. — NAS of Ukraine, A.N. Podgorny
Institute for Mechanical Engineering Problems, Kharkiv,
Ukraine,2012. — in rus.

8. Maliarenko V.A. Heat exchange and gas dynamics in ex-
traction chambers of steam turbines / V.4. Maliarenko, V.N.
Goloschapov, V.A. Barsukov, O.V. Kotulskaja, O.Yu.
Chernousenko. — NAS of Ukraine, A.N. Podgorny Institute for
Mechanical Engineering Problems, Kharkiv, Ukraine, 1991. — in
rus.

9. Bakhmutska Ju. 325 MW Steam Turbine High Pressure
Cylinder Rotor Thermal and Thermostructural State at Cold
Start-up / Ju. Bakhmutska, V. Goloshchapov // Problemi mashi-
nobuduvannja. —2017. — 20, Ne 2. — PP. 3-11. — in rus.

10. Bakhmutska Ju. Heat Exchange Boundary Conditions
at stepped type seals’ groves / Ju. Bakhmutska, V. Goloshchapov
/I Compressor and Power Energy Machinery Construction. —
Sumy, 2016. — Ne 3 (45). — P. 21-24. — in rus.

11. RTM 108.021.103-85. Stationary Steam Turbine Com-
ponents. Low Cycle Fatigue Analysis. — M.: 1985, Ne AZ-
002/7382, 49p. — in rus.

References (transliterated):

1. Peshko V.A. Establishing control over the residual re-
source of temperature elements of steam turbines: candidate-
degree thesis: 05.14.14 thermal and nuclear power installations.
Kyiv, 2017.

2. Sudakov A.V., Gavrilov S.N., Georgievskaja E.V.,
Levchenko A.IL. Servise Life Extension Substantiation for Steam
Turbines with Components which have Deviation from Norma-
tive Documentation. Neftegaz.RU. 2015. Vol. 2, No 1. PP. 42—
47.

3. Brilliant HM., Tolpadi A.K. Analytical Approach to
Steam Turbine Heat Transfer in a Combined Cycle Power Plant.
Proceedings of ASME Turbo Expo, Vienna, 2004.

4. Born D., Stein P., Marinescu G., Koch S., Schumacher
D. Thermal modeling of an intermediate pressure steam turbine
by means of conjugate heat transfer — simulation and validation.
ASME Turbo Expo. Seoul, South Korea, 2016, GT2016-57247.

5. Chernousenko O.Ju. High power steam turbines service
life estimation and lifetime extension: monograph. Kharkiv: FOP

Bicnux HTY «XII». 2017. Ne 39 (1261)

93



Jlunamixa i MiyHicmo mMauiun

ISSN 2078-9130

Brovin A. V., 2014. 308 p.

6. RTM 108.020.16-83. Steam Turbines Rotors and Cas-
ings Thermal Analysis. Moscow: Minjenergomash, 1983. 116 p.

7. Matsevity Yu.M., Alyokhina S.V., Goloschapov V.N.,
Kotulskaja O.V. Heat exchange in construction of steam turbines
elements. NAS of Ukraine, A.N. Podgorny Institute for Me-
chanical Engineering Problems, Kharkiv, Ukraine,2012.

8. Maliarenko V.A., Goloschapov V.N., Barsukov V.A.,
Kotulskaja O.V., Chernousenko O.Yu. Heat exchange and gas
dynamics in extraction chambers of steam turbines. NAS of
Ukraine, A.N. Podgorny Institute for Mechanical Engineering
Problems, Kharkiv, Ukraine, 1991.

9. Bakhmutska Ju., Goloschapov V. 325 MW Steam Tur-
bine High Pressure Cylinder Rotor Thermal and Thermostruc-
tural State at Cold Start-up. Problemi mashinobuduvannja. 2017.
Vol. 20, No 2. PP. 3-11.

10. Bakhmutska Ju., Goloschapov V. Heat Exchange
Boundary Conditions at stepped type seals’ groves. Compressor
and Power Energy Machinery Construction. Sumy, 2016. No 3
(45). P. 21-24.

11. RTM 108.021.103-85. Stationary Steam Turbine Com-
ponents. Low Cycle Fatigue Analysis. Moscow: 1985, Ne AZ-
002/7382, 49 p.

Received 10.10.2017

FBionioepaghiuni onucu / bubnuozpaghuueckue onucanus / Bibliographic descriptions

BnimmB ymoB mporpiBy poropa mapoBoi TypOinum K-325-23,5 Ha TepmoHampy:keHuii cTaH i pecypc mpu myckax /
10. O. BaxmyTtcbka, B. M. I'ostomanos, P. €. Kouypos // Bicauk HTY «XIIl». Cepis: unamika i minnicts Mamue. — X.: HTY
«XIII», 2017. — Ne 39 (1261). — C. 89-94. — Bi6miorp.: 11 Ha3e. — ISSN 2078-9130.

Bimmsinne ycioBuii nporpesa poropa naposoii Typounbl K-325-23,5 Ha TepMoHAanpsizKeHHOe COCTOsIHME M pecypc IpH
nyckax / FO. O. Baxmyrckas, B. H. T'otomanos, P. E. Kouypos // Bicuuk HTY «XIIl». Cepist: {unamika i MinHicTs MammH. — X.:
HTVY «XIII», 2017. — Ne 39 (1261). — C. 89-94. — Bi6miorp.: 11 Ha3s. — ISSN 2078-9130.

Rotor Heating Conditions Influence on the Thermostructural State and Lifetime of the 325 MW Steam Turbine During
Start-Ups / Ju.O. Bakhmutska, V.N. Goloshchapov, R. Kochurov // Bulletin of NTU "KhPI". Series: Dynamics and strength of
machines. — Kharkiv: NTU "KhPI", 2017. — Ne 39 (1261). — C. 89-94. — Bibliogr.: 11. — ISSN 2078-9130.

Bioomocmi npo aemopis / Ceedenus 06 asmopax / About the Authors
Baxmymceka FOnia Onezigna — imxenep, Binnin BiOpaniifnux i TepMoMinuicHux nociikens, [[Imam HAH Ykpainu, e-mail:

julia.bakhmutska@gmail.com, ORCID0000-0002-2334-7432.

Baxmymckaa FOnusa Onezoéna — vunxenep, Oten BUOPAMOHHBIX U TEPMOIPOYHOCTHBIX uccinenaoBannii, UlImamm HAH Vk-
panusbl, e-mail: julia.bakhmutska@gmail.com, ORCID0000-0002-2334-7432.
Bakhmutska Julija — engineer, Department for Vibration and Thermal Strength Research, IPMach NAS of Ukraine, e-mail:

julia.bakhmutska@gmail.com, ORCID0000-0002-2334-7432.

Tonowanoe Bonooumup Muxonaiioeuy — KaHAUIAT TEXHIYHAX HAYK, CTApIINN HAYKOBHH cHiBpoOITHHK, Bimmin MozenroBaH-

Hi Ta imeHTUdiKamii TeroBux npouecis, [[Imamr HAH Ykpainn.

Tonowanoe Bnadumup Hukonaesuu — kannuaaT TEXHUYECKUX HAYK, CTAPIIUM HAy4HBIN COTPYIHUK OTAEIAa MOJACIUPOBAHUS U

nneHTudukanuy TeruoBex npoueccos, UlImamr HAH Ykpaunst.

Goloshchapov Viadimir — Candidate of Technical Sciences (Ph. D.), Department for Modeling and Identification of Thermal

Processes, IPMach NAS of Ukraine.

Kouypoe Poman — xananjiaT TeXHIYHUX HaykK, NMPOBiAHUI imkeHep-mexaHik, SoftinWay Inc., Burlington, MA, USA, skype:

roman_kochurov.

Kouypoeé Poman — KaHaAuOaT TEXHUYECKUX HAyK, BEAYIIU HHXEHEp-MexaHuk, SoftinWay Inc., Burlington, MA, USA, skype:

roman_kochurov.

Kochurov Roman — Candidate of Technical Sciences (Ph. D.), Lead Mechanical Engineer @ SoftInWay Inc., Burlington, MA,

USA, skype: roman_kochurov.

94

Bicnux HTY «XI1l». 2017. Ne 39 (1261)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




