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Summary

Dissertation title: Flow-dynamic modernization of a steam turbine rotor blade

This dissertation is considerirtbe purpose and the process of development of steam
turbine blade. The focus was on proposing a new solution for the outlets of the intermediate
pressure part of the 13K215 turbines. The designed blade will also be used in other turbines
from the 200MW fanily, such as the 13K200 or 13K210. In the last twenty / thirty years, most
steam turbine manufacturers have focused on improvihgse types of turbinesnainly by
modernizing the lowpressurepart andpaying very little attention to solutions have used for
the intermediate pressure part. The dissertation presents a description of subsequent
modernizations carried out on the 13K215 turbines as well as a historical outline of its origin.
As a result of eliminary analyzes, it was proved that improving the efficiency and increasing
the height of the IM module last stage blade will bring measurable profits in the form of
increased power generated by the turbin€onsideringthe current political and ecolacal
situation, a highly efficient product reducing the heat rate in the electricity production process
would be desirable and would have a positive impact on the natural environment.

Designing this type of elements is associated wselieralproblems andrequirements to
be met. This dissertation presents the description of the topics based on the available
literature, including: the mechanisms of the formation of forces acting on the blade profile or
the basics of design method3he last stage blade of@hlP module works in parameters
higher than the LP outlet blades (temperature, pressure), and thus the profiles are more
loaded. The dissertation describes the experience of GE Power in the development of the last
stage of thentermediatepressure sectionwhich showed the sense of developing this product
and the critical points of the design. The presented products in the company's assortment
were a base to set aeference valuefor the newly designed blade. In the first place, the
strength aspects wereascribed, because they were associated with the greatest problems for
this type of product (due to working in the specific conditions).

In order to achieve the aim of this dissertation, it was necessary to present the design
requirements in terms of flow ralyzes. It is known that every 3D FEM analysis method is
based on a conventional computational approach. Necessary from the point of view of
understanding the basics was to show the methods of designing blade systems and analyzing
their efficiency descried in the literature. Losses occurring in the turbine stage and the
genesis of their formation are listed and shortly described. Knowing the mechanisms of the
formation of problematic effects in the canals built between blades, it is possible to better

understand them and prevent or eliminate them.
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The next step considered during solving the presented problems was to identify all the
constraints determining the directions of the possible geometrical development of the blades.
Attention was paid to improvingne element of the turbine without degrading the others,
e.g., by introducing an excessively long last stage blade into the steam path, causing
mechanical, assembly or flow probleme.d., by disturbing area grow of outflow). For this
purpose, the geomeyr of the stationary elements, the rotor, interface locations were
analyzed. Based on that the maximum possible height for the newly designed blade was
determined. Referring to the company's previous experience with this product focus has been
placed also o finding a solution to the rotating blades ring integrity problem. Subsequent
analyzed proposals for the construction of the shroud were presented and their principles of
production and assembly/disassembly were discus3®is element has a very importarole
in this type of blades due to rejection of the other solutions allowing to maintain the integrity
of the rotor stage and damping the natural vibrations of single bladg.,(damping wires).
Dumping wires are not a solution anymore for blatlesated in this area of the turbine train,
because they introduce losses that reduce the final efficiency of the stage.

Knowing the geometricatonstraints,it was possible to prepare the model for flow
calculations. It consisted of two blades, because in otdebtain the right angle of inflow to
the newly designed rotating blade, it was necessary to prepare 3D representation of the
stationary part of turbine stage. In addition to the inflow angle itself, such an appralémis
to introduce more realistic fl@ conditions, such ae.g., pressure and velocity disturbances
caused by the trailing edge effecthis dissertation shows what aspects should be paid
attention to in order to properly evaluate the designed blade. This dissertation shows what the
main impatance should be attached to in order to properly evaluate the designed blade
profile. The graphs of the profile load before and after thedernizationwere shown. With
the isosurface defined by the negative steam velocities in the axial direction, quratiic
places where easily and quickly localized. Problematic means the regions where the stream
detachment from the blade surface or appearing of local vortices occuanhberof blades
in a single rotating row was selected to be as closed as possitie parameters previously
prepared for the 13K215 turbine retrofits steam patRressurebetween stationary and
rotating row was a parameter tcomparewith ne designed blade inletnitially, 90 blades
were installed in a row, but after the calculat®and analysis of the results, 87 elements were
used. Then, adjustments were made in the profile geometry, as a result of which the
phenomena negatively affecting the efficiency were eliminated and the profile load diagrams
were improved.Modernization concerned especigl the upper part of the bladend was

based on modifying the contours of the front part of the pressure side and the top part of the
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blade (suction side). For the finadlodernizedmodel, an additional analysis was performed
consideringleaks above the shroud. This was done to calculate the actual end efficiency and
the power generated by the new elemert.was turned out that predicted profits from the
development of this product are achievable. Efficiency was calculated as 94.28%tlanidew

final parameters of the blade, the power generated by the rotating row should increase by
803.53kW in relation to the blade with a length of 400mm. Overall, the increase in power for
the entire shaft line will be about 0.45 MW, which is a very gasdilt.

Having a readynade blade airfoil, the next stage describes steps for building a
computational model for strength analyzes. Possible solutions for each of the designed
elements of the blade were presented with noted what is associated with theofisach of
them in terms of strength, processing and assembly. The selection was supported by the
experience of GE Power, if possible. A specific two root types gl@senand the rationale
for such a solution was presented: first for a new retrofit patg ¢ fir tree root, and second
for small modernization of OEM IP modulgsn root. The rotating blade of the steam turbine
is a critical element of the reliability of the entire turbine set, so it was necessary to comply
with the specific requirements.Referring to the currently available instructions and
recommendations, there are no specified ones for the last stage blade of intermediate
pressure module. Nevertheless, based on the guidelines for LP LSB was an excellent basis for
drawing up a series oftriteria for blades generally shorter but operated at higher
temperatures and pressures. According to these parameters new limits have been established.
At this stage, the process of building a computational model, discretization and assumptions
for boundary conditions are presented. The profile loadming from steamwas imported
from the previously performed CFD analy3iee method of limiting the computational model
to one blade was presented by cutting of a $hpéece of its upper part, shiing it by an angle
in relation to the theoretical axis of the turbine and the adding of cyclic symmetry. This
simplification allowed for more analyzes to be performed at the same time. A bit different
approachmustbe used fompinnedroot variant calculation. Inhis case two bladelsaveto be
used for calculation but again tisgmplification for one of them wassed.

Based on guidelines and evaluation critersgveralanalyzes were performed for the
subsequent considered design solutions. The point of refereraetive calculation for a blade
equipped with a simple bandage, without any additional element supporting the cooperation
between adjacent elements. For all options, a list was drawn up showingnéseémum
principalstresses in specific locations ahdsedon thisit waseasy todiagnose which of the
proposals fulfill their rolesThree different options were considered for the root types: fir

three root curved and straight and pin root (OEM design). The last one was used to check the
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possibility of improvig the original 13K200 and 13K215 turbines, which have haat IP
module modernized yet, by replacing only the last staggiant lllas well asther two gave
positive results. In case of fir three rogblution, it was necessary to perform additional
calculationsconsideringcreep. It was cause by the high stresses at the contact surface root
groove. Calculation had to prove whether the notch hooks would not be damaged. For the
considered shroudsolution, the beg results were achieved by a design equipped with an
integral elliptical pin. Apart from the difference in displacement between the tips of adjacent
blades at the maximum level of 0.05 mm, it gave the lowest results for maxiprumipal
stresses. This pardescribes the advantages and disadvantages as well as problematic
locations of specific design, thanks to which the choice of the best solution was simplified.

Each blade stage must meet the frequency criteria to avoid resonance and the associated
risk d damage to the elements of the turbine steam palthterference graphs were prepared
for the best solution of the shroud and for two types of roots, which show the characteristics
of the first five modes of natural vibrations, lines of excitation fronatisnal speed and point
of prohibited frequency defined byhe stationary part ofthe stage.As a result of such
a comparison, it turned out that the first mode of vibration crosses the excitation lines below
the 8th nodal diameter, and therefore it wagcessary to perform an additional stress check
in the model for the 4th adal diameter. The results showelat the effect ofthe described
above situation is irrelevant to the final assessment, because the tested parameters were
lower thanthosefor operding at nominal speed.

The last analysis was the lawcle fatigue calculation. They require more effort in defining
the gradients of increase and decrease in temperature, pressure and velocity for successive
elements ofthe 3D model in specific phases thie cycle. The basis for this activity were the
previous experience on projects implemented ®E Power andknowing the number of
projects implemented on the 13K215 turbines, it can be assumed that they reflect the actual
parameters at a sufficient levelhe final effect is assessed by the number of work cycles that
the model componentganwork without failure. The usually used limit is a minimum of 5000
cycles for the newly designed blade, the more conservative approackakes,and it was set
to 10000cycles. The results for the rotor and groove wer@42and for the blade itself and
the rest of the element489410

Summarizing all analyzes and numerical calculations presented in this dissertation, one
solution for theshroudwas selected the designwith an integral elliptical pin and twtypesof
the root. It was emphasized that the straight fir three root variant should be used in future
modernizations of the entire SP modules due to the cost and lattensity of execution and

the ease of servicing. The second variant could be used for small modenmmjzatiich
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increase the efficiency of the turbine by limited activitieplacement of one stage for the not
yet modernized IP parts of the 13K200 and 13K210.

The product is fully validated only after its production and testing in the centrifuge
balancing mahine. It is one of the steps defined as the next in the conducted research.
Another element is to refine the solution for the previously described small ranges of OEM
turbine service. The blade of the last stage in this case is installed amiakéer dameterso it
will be necessary to check and possibly correct the shape of the rotating blade pidide.
proving, the possibility of installing the last stage blade with a length of 500 mm and a justified
increase in power, in the subsequent stages evelopment of this solution, more attention

should be paid to the stationary blade and the penultimate stage.
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2. Opis Modernizacji Turbin 13K215
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Tab.2.1. Parametry znamionowe i turbiny 13K215 po modernizacjach

Parametr Jednostka 2} NIL2T 6
t NY R12106 TylLYA2Yy24! obr/min 3000
Maksymalna moc mierzona na zaciskach generatorg MW 225
Znamionowa moc mierzona na zaciskach generatorg MW 215
t NJ SLIve g LI NB T gAaSoSe t/h 670/700
I ATYASYAS LI NB T 6AS0S2 MPa 12,75
¢ SYLISNI GdzNF LI NBE T 6AS0S xC 535
I ATYASYAS LI NBE LINJ SINJI I MPa 1,95
Temperatura pary przegrzanej xC 535
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Rys2.3. Zakres retrofitu turbinyt 3K215
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fND data for IP12m1_440 fix_vre2b_11.32_RO17_v
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Model Property Dialog ‘ Yﬂiflﬂm‘
Component Name
Rotating Blade
Component Type Designer
Turbine v R Bondyra

Configuration Type Company
Aual v GE Power

Rotation Type Comments
Negative v

Model Units
MM

Default 'Plus’ Parameters

Rys.7.2. Definicja projektu, ustawienia podstawowe oraz wizualizacja zaimportowanego

modelu w programie BladeGe® 2 LJlwiinjkdwa

Model Property Dialog

? > 4 ‘
e =
Stationary Blade
Cancel
Component Type Designer Help
Turbine v R Bondyra |
Configuration Type Company {
Axal v GE Power| ] LR
4
Rotation Type Comments ’
Stationary v II. .
Model Units = .“-
MM v ‘ lﬁ :
Edit I-"
Default 'Plus' Parameters

:
J
i

Rys.7.3. Definicja projektu, ustawienia podstawowe oraz wizualizacja zaimportowanego

modelu w programie BladeGe® 2 LJIiérdwinicza

bl &t Ll Zb&owany rhodel szkieletowy zaimportowano dmprogramowania
ANSY® nazwie BladeGe® 2 &1 2ylty2 (G2 T LR2Y20N 6Sgyt (iNIyS
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przypadkach zamodelowano luzy paziomiel mm. W tym jednak przypadku dyskretyzacije

modelu wykonano w podstawowym program@NSYS CAX2 §(GS32 (@(eéLdz T 1I RIZX
LR2T ot B LYNRAGI o0dzR26F Y2RStdzd 5TAt1A. GSYdz
2 A8t 12106 LRRaldlg26S32 Sn ViV 6 422 Wxolinash@ y2 I
LINI 87T OASyyS2d 2 géyAaldz G680OK 11 0AS3s6000L2gail
St SYSy (024 Brbniczef £000dlat2 LI G 1A .6 ANy A1 28Se

72. %I 020 SY Al nuknryczngch A OT S Z

DOsgyeyY 110208SyASY ¢ GS2 Iyl fAWdcSiwldcEde ¢ NI
T 021k 01 ALROKNYRA 120822 1T LI2 LINT SRy A OdbiegreB REINF AT | O
d-6 Y20ftA62106 LER2NbsYlFYyAlF 20SOYyAS LINR2S{id2¢lyS
LINP2S{ G356 dzl OF Rdz LINJ SLIO& 62 6 S 32 liczby ORRIINIS ST 24 §

yI2atSLal S 1 ofNoSyaSsdal WLi2d 332 2N 11 O@E MK SZ vy
wirnikowejR2 y I 20T t T OAS2 aiG2a26l yeOK LI NFTab30iNk 6 LIN
T A SN LJ- NJ Y S NEe T OT SNLIWAt (S i 2 LIN2 IANJ Y

ali2az2e6lyS32 R2 LINRB2S 102fht Whl | dzZMBIns 81 $SLILER DK
I NBIFIftAT 26l yeOK LINR2S {lGs5¢ Rfl (Gdz2NDBAY 1fl ae wun
Tab.71.! [t whk!l ¢mcn t I NFYSGNE GSN¥Y2ReylYAOI yS

modernizacyjnych realizowanychfinmie GE Power

ALRPO HT160 {G2LASZ 1y ORAM I
{ G NXHzvids&vg navlocie [kg/s] 147,66

{ GONH2ZYR 8Zge TALIRI @I YA -

{ U NXHzvids&vg navylocie [kg/s] 143,05

I ATYASYAS OFO126A0S 221750

| ATYASYAS &aidl Gdeolys 185600

I ATYASYAS adal aeol ys 162800

Temperatura na wlocied] 212,09

{ LN gy 21 Onikowe][9]G 1 A &A

a20 3ASYSNRgl Yyl LINJ SI 8,633

Bl 0202y 2% 08 2 0 prie@ddwédfond A 12 2daz8 PPN dzl OF R a3
masowy na wlocig OA T YA Sy A S wildtig.i0eradzy/t® Sy IRt | 6t 2Gdz T | 02¢
TFaAtryAS LINND 2 6ASE1210A wmMntIcc w|{3Ikadsz LI
geyAl126Sd® 52RIG1262 Ril ¢t20dz yI {c§)0 Brugin Rl 8 6
alloey LINFYSGONBY =2Said T Frv20S8SyAsS adkosSaz 1N
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zestopnia, cosprawia,dS 6 NI 2T 6 LRT 2adl 080K LI NI YSGNxsg @GS
20t A01 SZd YRE({IWNORS|12QSY Y S2 UUdmidliyhamiceeet e LI N
pary w przestrzeniYAt B2 BJ (] 2 a8 RH2YASZ Yl azg¢e se80OK2RINO
20T 86AT OAS ALINI 6y21 6 LINBFAL dz A Wizgsthie mauyiedNE 6 | VI
Y2RSft dz 1 yITébR@Az2ND &At ¢

Podstawa stopki topatki stacjonarnej
topatka stacjonarna

topatka wirujgca

Wylot pary

Wilot pary

Podstawa stopki fopatki wirujacej

bandaz

Rys.7.6. Wizualizacja modelu dbkzeniowego dla nowoprojektowanego ostatniego stopnia

turbiny 13K215.
Tab.7.2. Paramety g S 2 T QWARISYS CFX.

Parametr 2 NIi2T1 9
t NY R12106 20NR0G26F @20 Nk) 3000

I ATYyASYAS NBFSNByOeeays 0

I AT yaBYAEOTl yS IMBRYAS 8¢ 162800

' T NB R Y Mézycfbprognignia referencyjnego [mm 778

{ G NXzvids@vg nawlocie [kg/s] 147,66

Temperatura na wlocieC] 212,09

Rys. 76 LINI SRaidGl 6Al Ol & Y2RSt 20t AOT Syazge 1

kierowniczychi wirnikowychd . 2 0T yS 1 ORIAYIé 0¥ 2 RAfidze A2y S 21 1 2
osiowod @ YSGUNEOT ySo t ol al 01l &l yl LINISedz2nds 32 Y 2RS
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21 NBT t 20§tage @ixingZzone)w celu za2 & 1 OT & IRH SHTAOA 2 oTalieGd Sy A 2 ¢
uproszczeniadokonano, A R &0 & A f F YA S LI NN 2S8aid wyiki dlallS0y & OF
ANaAl RdzanOe OK 02 liyi OP RPES SB12 61 \WE & ypledkirujea 2 RS f
RFyS T Lkt LINJISLIWegdz T aNAASRYAOKPaamdtB T 2 1 2

2801 2n dZSNKRIRW AR2/AYS SLINAE A y i S NIF[SORM A2SH RUIR Yt RA &2
NET 6ANT YAl @28&i dzadzlyArs sal St1A0K yASadlo.
np. z powodu obwodowych zmian pdldNd S LIRS dlo (2 YA S2al0F ¢ NRBI &
Niemniej jednak podcza a LN} ¢ RT I yAl geyAilsgs Rfl R2YSye
Ol RYIRIOKOBIRIS ELIO& gdzx (G5 NB Y2 awnko& 202350 WwRES OI@
wirnikowej

52 LFylFtAT @ 1 2a0lothacamy@li®2 YeRES OVLRBIyGERt 2y |
1 2 Y LJ2 WwSj¢dtego odpowiedzialnego zZaJ- Nt &G yAS OAS{0UeéY A RNX

—)

gazowym. Odwzorowuje on zachowanie paryRf | LINI SRT A Odz LINJ O
100500kPa i temperatur od-827cC1T 1T | OK2 gl yYASY T YAl ye &aidl ydz &
2R | 1ldzr f ye OB UINENIY2 iGN LISINKNIGYZNE A OAT yASYALl @
t21 24801 0SS dzadGl gASYyAl Rfl TayP.I3iNdby.2. [aEE LI 62 6
OASLIF T2aiGdro TFY2RSt2¢6lye 63 NbosylyAiAl SySN
L2 OK2 RTI DOBIar de gt yAl yI BNS®AGSE DRBOABGBWSE S| RLID& Y
f SLINP2 a@RSt Sy PHIPA&ddz2S Ny syl yAS

u

rreortan L. A

— —.n0”"™ 24 252 5IY Y
To 1o

gdzie
——— —¢SYSNHAI ¢Sgyt GNI yl
nd” ™M ¢12ysS102F OASLIOI

nOInd ¢LINJ SgalRyRII2GNRLR2 6S32 OAlFOF &aidlovsS3az
nO5Of -opisaryLJ2 g & 0 S2 yWARRB| DA SlJO |
50Y ca| OF R4 Sl yayBhiNNGR L)t R dzd
Y -4 1 O R 2edkcji cBeRicznych
W obliczeniach zastosowamoodelturbulencj SST] GysONIOT & 1T S &20-B[GE2A, I £ Si &

[53]ik-- [54]® t ASNBaie I yAOK o6FNRT 2 R20NI S Y2RSft dz2
oraz warstwach OA y I y RO&IzZI A od@dro@jeRINA S tuibdedtny w warstwach

LINT 87 OAsSyry 820Kt A OT SZ LINJ SLweg26e OK Ylraleéey GeéLd
580358056, 57. t NJ & Lk2gedaliey seo2NI S vyzoS8Svye G0

dzY2d0f AgAl 2NON (NI yaFSNI OASLIOIF LRLINI ST NBIAZ2Y:
modelturbd Sy O2A LINEB]S2T1 OA 268 OK
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t 21 2 pdidmen§l 2 2l 08 jakR 8 Y & PsBspuaBeprzez oprogramowanie.

Tab.7.3. Ustawienia modelu obliczeniowego w ANSYS CFX.

Nazwa modelu obliczeniowego Wybrany wariant modelu
Typ analizy Steady State
TransferOA S LIO | Total Energy
(Inc. Viscous Work Term)

Turbulencje Shear Stress Transport
Cdzy 1 O2F T OAlY High Speed (eopressible) Wall Heat

Transfer Model
¢ dzNDb dzt Sy 02S LINI S22l OA Intermittency Model
YL A&l NsogylyAl az2t @S Continuity

7.3. Opis proceszmianyd S2 YSGNR A ©O2LI G A

t NEOS&a LINB2S 10261 yAl O2LF G1 A GdzZNDAY®Y LI NP
S 41 3ttRdz yI geYl3ILyAsS Ol Faz20Ko2yySe aevydzs I C
procesu jest zaprojektowanie gmodernizowanie] &1 G Ol dz LINRPHFANBz 24
zdeterminowany przez funkcj@aerodynamicznel £ S y It So& LI YAt GFO 2 2
12ya1F10AS TS adNHzYASyASY 3I2NNOS2 [49) Waynikuz Ry S2
1832 2adlidSO0Tye 1aildlFoid al vysSe& DRILFAHM B34y ST AL
12YLNRYAE LRYAtRI & 2LJieylrftyey 1ailagroagsSy 63 2
OKI N {GSNEAGETA ReylFrYAOI ySa 2NIIT[626BISOYASYASY

P Zatozony cel j
CATIA V5

Turbo Grid _ EGEEED

Rys.7.7. Schemat algorytmmodernizacyjnego

Ansys CFX

\
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t NI eat i®egl 6§ 92 NRBINY &1 0F Rl AMARRY®7.7LIAt OA dz L2 R&

1) T +v202yS3z2 OSt dBno &2t |BNBHEHSI TYAL YT L
21NBT ft2y@0K ¢ LINBTACE dzT

2) 2LINPANF Y2461 YyAS /!5 [ FGAF *pX ¢ (G5 NEY gLINR

3) BladeGer; LINR ANI ¥ L2 1T NBRYyADLINDEANILIEYAKFRAS /15 A
Gg2Nl 2yS 2Said LIAsSNR O2LI G1A 6 2LI NODAdz 2 4L

4) TurboGridg generowanie siatki numerycznej;

5) ANSYS CEXizyskaniNB T ¢ ANRT F YAl ydzYSNE Ol yS3zo

2 y2g2IINR2S|G26rySe OXUH I DEt RAK2Z TR BT & (2 07

przeprowadzond 2 R S Ny KorstrukcR t 4 NI YIF OK 206t A:01 SZ LINJ SLIBe g
l. DopasowanidiczbyO 2 LJ- (inkdwyah A NJ
Il. ZmodernizowanidlJNB F A f dznikbvejd G 1 A 6 A NJ

2 LIASNyaley SOIFLAS 11 RIjyieztyv 2 VIAaBE RomstakGa R2 6 NI
YA O yI 2gedallln AZSOND papd@depi § N¥ AR&Y | YAOI yS ot RN
F10dz- €t yAS a023a206tZSZRBFTI drxPRISPER2YVE@ RS2T OAl 08

YAG12LINY 0y S32 dzl O Rdz uitzgmahidl JoyahGdB@vycld SfsS GINB gl v A
LI NB yI geft20AS8S R2 LINIJSt2dyArAd W12 Lidzyld 2L
R2adt LlyS2 R2ga80OKODlFa UDRLINIBRYAY NRBITRITAFES 2 LA
20t A01 SZ LINJ SLI0E 62 6DONHZAA LN el Alld ¥ ATSHYaA SR 2 DIA Be (
nawylocie] 2a i U&l LING @23 dA1SSIRE INR @i & BIP & eLJNA | SdzJixel sRese@ O K
modernizowanych turbin  13K215 Z uwagi na tB 0S G NGBNIGE 6@ OF
ALINI 6RT Yyl (G2 OATYASYAGARZSIREDNDSO VBICPR A 8 2J
185600Pa.t N2 OSa N lickbgte ef-hithikodyRhNE ¢ YOS & kolejnych krokach
TyyaScalily2LRARBAS 024k @Eifzhhidrzoneds 2elu

2 12fSeyeéy (NRldz= (1ASReé tA0Tol ©2LIGS] oe
modernizacja LIN2 FA f dz  @iwdidd 1 Al Ré ¥ NIS utrid@ione, 01FXW2A S5 | 0
Y22LINR2S1 G261yl O2LBURDIDVIIROHARIFER G LiNR Z S & LS
a1 NY O2pfz8ptowadzdiu LIA SNB ail S22 FyltAale TylrtSiAazyz2 21

2RNEGFYAS AAt AGNHAA A f21FtyS T FSANRGI VAL
wygenerowania iz€J2 6 A SNJ OKyA Rfl dz2SyyeOK g NIi21 OA L
LIN SLI0@é &Ryg. 7BUFANE/ Sof SY 06802 1T YyAasSecai SyasS &dGNF
L2RYASAASYAS &ALINIsy21 OA A T oAt 14l SyasS 3ISySNe
parametrach Nad @Y SGFLIAS Ll2adt LI ¢ y2Ryd Arzsthehdatm | L2 ]

zmiany geometrii
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Miejsca
predkosci
ujemnej

Rs.780 hRNEGIYAS &At &AGNHAA LN SLiwesl a2andsSe
BAtdzZAGNR S YS T LR2YPGR SNE DEYWENABLINSH SNIiize N (

ujemnew kierunku osiowym.

0,7 wysokosci topatki 0,9 wysokosci topatki

\¥_

Rys790 hRNE Gl yAS aiAt A0GNIZAA LI BSYOd5t BNOBCSI RR 6

LINI ST NRB2S LINJ ST LIAsNR 0O2LF G1A LR0O202YyS
t2 T RSTAYAZ26IYAdzE LR1FITIFIyeOK LkgedvsSa t2711f
Y2RETFTALF O2Ar préblemd bdtywatia ALINE Ta & W3 A LI2@Zekdojul & At
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poo2d2ye&y Yyl 21 nIpp geaz2121 OA LINEFAf dz O2L
22 &0 O#edsta@iondy I LINJ @1 OF R2g&8OK LINJ S NB2H9OK nIT
2NI T ¢ 1T%4FEONAIAEABELN R (2 182 avlgnely al AHtNNBIRIRSBS vy |
natarciaina lNJ ¢t RT ud HLG&EE Sie ¢ LINI éLJ R{dz 682 RNHzIA S
OFL0126A0ASd wgAnNi IyS 28ad G2 1 geyYlF3ILYyAlLYA &
ANHz0 2T 8 LINE T Achstarz@ UL R YR S & ¢ (i @viteWy2 DR A oFENI (idett | EA | Ol
ONHzo 21 6 1 aefaicd@§ NG REGT 2aid2 (S2NBiediyey NRIT AN I
nam straty opisywane w rozdzighe2.

Regiony profili wymagajace optymalizacji

! v

Rys7.10.t NI & { BNJR&P B8R 2 S 6 c nikbwepmawskaZadendlwiiniaku da& A NJ
przeprowadzania modyfikaciji

NaRys.7.105 Yy I LINJ ®p ®OR 2 @ dsBkRamiypézékfojach i 114 6 2 NI nOe OK
LINE FAE X 1 2 @dhszaize 1L INBI | ayfeinizakjidésoté lokalizacja strony
OAT yADRAAAJA T LI20202y S22 $W cduddchowatd [YMIA@t RIUAAs Ny
O2LI G 1A 2LIRGNEROROT ladzaseyYlK R2T gAF ROT S¢Al OK ¥
LINI ST NR2dz LINRPTFAL dzy RRS@lINR2 yRY YOMS 3/AISIYyR g SBR R &
ziawisko2 RSNB I yAl a0 NUzZZA R2 (e & IGIABY & t ReyNY & OO T t'A
g aleSlach t LideetyintobsPeikzed | | ANBLINBT Sy idz2nde OK 3IS2YS(NJ
geaz121 OAl ORgs. 7t)2 LIk prdedstatvia toRys. 7.10 dane lokalizacje
2LIA&LFYS &an LRLNI ST Odzl A 2 ieulphBiéniu22decyddvands 0 y & Y
GAL O yI dd NDNS G GBGES yo1 81K ¢ OSft dz dl e &aDlay Al 2 L
G532 NET 6ANDT IFYyAL 201 &86A1 0AS &an GS»o LINJ S6 AR
spowodowane:

a)t 2020S8SyYASY 1 NI gt RT Akigf REKINIOR diy A SINOROKE YA 27X

b) DS2YSGNRI 3ANJ oA Sidz ORILYFGY[ A 1112 &N ¥ 2 R & FTYANRD 2|
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Rol 3S2YSGUNBOITYS 2062aidNI SyAl 23Nl yAlditen
R2 Yl laevYlfyeoOK &t A Qpaearbro®amrsstbyr 80K A S24a1 S2 v2¢
Y2ReFA]lI O2A Y20yl R21 2yl 6 R I LINI S{NRr2dz p=
YAS 68 NI MbkSyinalney A ST y I O y2ARS NG DIy 22 Brkad S 6 | NI
S6Syildz £t yS32 LINIJeNRradlGdz Tyl aRdznN aAidowane, 3Is5 Ny S
0S LINRTAE ¢ GSe 21 jteriLiodanN OBS¢yaE by ILRINEMS |
TylFl2Rdz2nNOe Ol abde LIy lidyaari Saaddd ax yABititadn @
LINEYASYA dzi2YF GOl yAS T oAt 1all Ydzie ¥l ANHz 21 6
5T ALOF2NnO Yyl GSy LI NIYSGNI ¢ Gey 1 ASNHz/{dz=
fAOT @806 1S T NRPAGSY VyI LINY 0SZ &Ll g 2ypempieyfiié OK  LINI
0808 LIRRS2Y241yS 0l RY % teRi efakt@wi. rioderinbdiy @ik 6 RT A | €
02 LI 41 A wykbrystainy R2 20t A01 SZ geidiNIeYvYlI o2l OA2ge OK

¢S

1T32RYAS 1T T 110202y 0K &aOBRYI6RIE AIBRSICYWER2YW | & SNA |;
TeANTFYyS TS TYAFLYND 3S2YSONRA LINBFACL dzo
Tab.7.4. Dopuszczalny przyrostpr2t 1@ OK T YASYye OK 6 LINRPOS&aA S
: t NEYASZ ¢ Maksymalny Przyrostmaksymalny
Nr przekroju nominalna [mm] dopuszczalnyJNR Y } [mm]
[mm]

5 40 43 3

6 40 63 23

7 40 72 32

8 40 93 53

9 40 107 67

10 111 244 133

11 111 263 152

Tab.75.{f G NHzYASZ Yl azge Rfl Ll2al Ol S3sfyeOK &I NA

Wariant { G NHzY A SZ ,Zmian?w stosunku do
[ka/s] gl NU21 OA VY3
0 (Nominalny) 147,66 0
I 132,89 -10
Il 118,13 -20
1] 155,59 +5
Podczas tego procesprzeanalizowanoparametry 02 LI G {1 A LING & NkOYyeyY

12t S2y S PprzyisiiusigdiuGragowymINI S LINE
GF 108 BsgharS)2al 2y Se

1FdRSe2
61 NG2T OA |

Yl a248Yd 5¢ I
Rt y2YAyliySe
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BYASYALYy2 2SReéeyaA%e ALIZNIDI LING 1SAIRIST R NLI NI YS G NB
poziomie2 1 Rfl &I NlI21 OA y2YAylLfySao

2 3LR2YYAlLye & OdodeinigatjS &yli énthiejszenie generowanych strat
LINEFAE 268 0K g&NI ol afdS 22 Sadiikknorbp@iezINe & W f @ENIAGE NI
aAt o6BINBY

o)

| Er

gdzie:a ¢ praca wykonana w stopnidQ ¢ izentropowy spadek entalpi statycznej,
® ¢ LINT R inydbiowsa
{LINI gy2106 fAOI 2yl 0 &ikowe] wied WsiystkichRtfzéch imlandach { A & A
20 OA NWHY R2IN® S dzdi Bakich jakipékazanw rozdziales.2 (Rys5.4).

Dodatkowym elementemanalizowanympodczas procesumodernizacjio € O | gASE 121
ISySNRglySe2 Y20e yI 6FfS Gdz2NDAyead 2| NI21T6 Gn

0 QO Q 24
fdzo sgalLRyYlr@yeNOYrAaAZotor O SZ Y2YSyildz 20NRG26S3:
GdzNDAYye yI LINRPFAE O2LI G126ex gt A0l yS3a2 LINI S
0 02

74, 2 8y A1 A muddryszOyictS Z

WE{ 2LRAaly2 (2 ¢S ¢ Bipigrwsdya ethperd dopasi@ywRriai | OF O
O2LJ 1A R2 61 NHzy1 156 GSN¥Y2ReylYAOIyeaOK LI ydzno
21 NBTliez®QP2 B (S oA NGYNBII2SINRQKY o002 OAT YyASYAS adl
O2LI G1F YA (aAwByNBg/ADY BV 2 8 & §FPa wgognie 2zh 020 SY Al YA
iT YYAS3ich heNO2 LAANSAR I y I AGSNI 02t PRildzb)y 02y 2 f
O2LJ 6S1 2R  &aLINI gRIT RysSAR LINDISNIEAYAS loNRdy 2 b 1T YA | y @

przestrzeni YA t R & O Rigrdwiidzymy& wirnikowymid %I 020 Sy A | Y dza A |

T 6SNEFAL261YS TS 41 3ft Rdz (85600PR)LINE S O K 2nd NTI2 T KBIN
ARSEFEYAS LINI ST T NRBRS]T 2Rt S3021 OA Yadatkowe f A OT «
obliczeniadla 8702 LI @i SgA SZ2Cdy | T I 02 licibajest opyrdalnal? NI 2 T 6

OAT YASYAL RE I GF1AS832 dz] OF Rdzo2 L& 1 Foomd 8
kierownizymi a wirnikowymi 6 @ Y A 2 a Ol PabMy lNgDIY A OF aAiAt 2R g NI:
zaledwie o 0,01%W Tab.7.6 przedstawionoLJs NI} YSGNE LINJ ea2tGS 2112 ¢
66FNLI2T OA o0F1 268 LXIRDPRINLIMNG O @ ABINTY2R OAR KA T v
TylrcRdean GFYglINLPREEBA 6t Ry S R 2przewidahe) m&y A |
uzyskanej ze stopnia. Mocuzyskana ze stopniaLINJ & 11 020SyAdz n
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Tab.76.%Sa il 6ASYyAS LI NmMSUINRB &I ORSHsiqiKewhnsl NAFYyGFEYA o063 tAO0I 68 O
, 2L Gk 2L Gk 2L Gk 2L Gk

Parametr _2Lk ot 90szt 88szt 87szt 86szt
I AT yOBYRABsAGS VI | 221750 228761 227266 226323 225779
I ATYASYAS adlh de ol 162800 162809 162833 162814 162858
I'ATYyASYyAS &aildeol 185600 188440 186526 185574 184622
02LI G1F YA Ot 8
Temperatura na wiocie [K] - 485.6 48557 48556 485541
Temperatura w.INJ S & GNJ Sy A - 46633 46597 46579 46561
O2LF G1F YA ®YB
Temperatura na wylocie [K] - 45119 45211 4524 45281
moment obrotowy [Nm] - 353961 344285 340555 336825
Entropia na wlocie [J/(kg*K)] - 750521 750834 750991 751147
9YUNBLALF 4 LINJ Sad i 75077 751086 751245 751404
[J/(kg*K)]
Entalpia 1 [kJ/kg] 289437 289476 289477 289478 289478
Entalpia 2 [kJ/kg] 285764 285701 28567 285638
Entalpia 3 [kJ/kg] 28359 282956 283041 28312 28318
mass flow [kg/s] 147,66 147661 14766 14766 14766
Y20 NIt Rdz orap S 86336802 962750 950340 938822 929963
Y20 1 dzsl 3tt RyASYy 86336802 938681 926581 915352 906714
ws dYAOlL ©]28 75313 63213 51984 43346
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6 6ASZ20dzodBVARABY AL 2NKVE A § BIS & 0 cddaghtZBsowego

NRT 6ANDT | FI8KWDF & | # SO@  gediakl ¥ TWAF2B®BdE 6S L2 LINT S
f AOT 6t  stpniall nodoprojektowana U 2 LJ- firdctje w innych parametrach
termodynamicznych ¢ przede wszystkim LINJ & AyySe Ntk dyAOe OAl
sprawdzeri A LR NF Syl yAS (80K RgsOK LINRFAEA O2LIF G1]
21 yleolNRIAS2 1 od@beipdé@t (wayldiiae B2y tdidej y 2

konfiguracji generowam moc stopnia wy 2 & AXDE3,52 kW A 0eol gAt ] a
od refeencyjnej 0519,84 kW. Warto w tymmiejscul ¢ N3 OA 6 dzg | 3t Yy I 61 NJ
GNIT TS aLIRIASY tA01T o6& 02LIGS1Td 2AND0S &AL 2y
G SYLISNI (dzNE OpLI de|pelefRIVABS]y GSy 2Said ol NRIT 2 10

konfd dzZN> O2A A gewWraARIRYEe®O® %S pl ANBYIRI 2y@ 0K Ry
& LINJ ¢ MIRE ®opatkdzvimiowep dzg1 30t Ry 29DG (2 3 07 Libls NT +
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7.4.1. Analiza® 2 LJwitnkowej2 LINB FAf | OK géal OrAz2gé OK
hoOANOSYAS LINRPFAfdz 2SaiG 2SRyeyY Inymfas2yml 0y AS2
wirnikowych,]  s2NINB T t | ¢ K 6 Npadyl/jak iefNB T 1 OF R 2R L2 Radl gé
Ly FEAT T a0k D diskiyidapédiazas projektowaniaLlJA s NI = LR yASél o R
informacjiR2 (i & QG LONISgay 2 RIOKS3a2 St SYSyiidz + G108 s6ailti
1 0 sWBIWNI &ILINT 6§ DS WNDRys. 7121 280G v LR 1T RBIOYHd 8¢ AL NB
O2L GGWNT §OK seaz212i OAl OKd 2 &0 NI Y sfwodoeadek 1 2V ]
f21FtATFO2FYA 601 STyaSe TARSyGeTARRES FY8.OK YA S
7900 hadGNB a121A 6FNI2T OA yI &1 NBahi Spabekt SgS2
OAT YyASYAH OKs (12NUBtARD A yZHawiskol® ¥le & &t LaAdzd ™ sdii & G S
FyFfAT FOKE 3Reéd (NI e@gAlyl 6 LINRBFAfdz 6 212tA0
LINI SLIoe gdz A 1 LImsSAZ2 NK2Ed PR dzNY IR 2 T Gka lioboregd & (G S OT |
T RSNI I gaylaadt WhWANIS 2N ad2LlyAz2g2 2L0&6l 2N ¢ 1A
TyrO0TyeOK LINYR12TOAFOK A ylI 23Nl yAl0i2yey 2606
10zNBt SA LINBPgIFRIND R2 OKgACt 2 dusSW procésiedlodeinidaciig R f &
Y20yl 2SReyNS2RSSAGERITA Gy ylfSdoe LI YAtGEOZ 0
wWwiS2NRA LRLINI ST yASa12Z01SyAS OASY{1AS {NIsgtRI

Blade Loading at 40% Span Blade Loading at 65% Span

5160,000 | 180,000 |
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| L E S S S S B B R E— | L E S e S S B B e R e
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Streamwise (0-1) Streamwise (0-1)

Blade Loading at 85% Span

200,000

190,000 5+

180,000 4+

170,000 -}

Pressure [Pa]

160,000

150,000 i [

140,000 3=

[ — | T T T T | L
0 0.2 0.4 0.6 0.8 1
Streamwise (0-1)
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Ds Ny I 1Ml Ryl 712 lustrue OAT yYASYAS Yl AGNRBYAS
profilu a dolnay I a0 NRPASE2ARNINOBEdzo | povsiavania irniLigjohke Y 2
AGNRYeE ORING RSV A 22650 NEI U8R 1y A SAW ey wergfikasjidedd v & @

A6 6ASNRT SQINA IS I Wi riicdyiN@ b | & R dRyOALB)Y strémfehelLINY R 21T OA

w tych przekrojach (Rys.7.9). M2 0 YNk g YR ISdes | 986 yI geiNBal OK 2
i LOFYFYAS yI R2tySe O ppakiiNieest o kBtagds Vi | 2natnh s
dd Lt SdyA2ye 2R 14l G oddz INT 0ASYAZSBRER (DA Xt dzli &
OA T y AZgyigkdta jest widocznena Rys.7.13, gdzie spadekgradientu OA T y &trSny A |

a4 NI0BLeA Seupema B8 e LR UO26AS £ A yiddstaslINRSA f RINIZA AyS- 2 (i
blI2ft SLIAS2 GARREOANGA (LY aWfy®r A 2SI alyiRsBNES sy 2Y
Tyl2Rgz28yadaal e Llzy1ld R2tySe . 0NfpsSPabgakibadep
Rt I nsn @& adijoRiddépkofilcm2LIyiA|oAa 1 S2 NBL 1 Oday2] OA A

i Lad2a26tys 1GA R ySe OTt1 OA

0,4 wysokosci fopatki 0,65 wysokosci topatki
Pressure Pressure
1.880e+05 1.940e+05
1.836e+05 1.883e+05
1.791e+05 1.826e+05
1.747e+05 1.769e+05
1.703e+05 1.713e+05
1.658e+05 1.656e+05
1.614e+05 1.599e+05
1.569e+05 1.542e+05
1.525e+05 1.485e+05
[Pa] [Pa]

0,85 wysokosci topatki
Pressure

2.020e+05
1.853¢+05
1.885e+05
1.818e+05
1.750e+05
1.683¢+05
1.615e+05
1.548e+05

1.480e+05
[Pa]
Rys713.al LI NRIT { OF Rdz OAhap&S ¥ bl Aoy NI SPWMBRIROOA O

bazowy

Ostatnim parametrem nigzt Ry @ Y R2 &UINGOH FBIeSyaklltOK I L2 21 g A | ¢
peazl 2l OA 02 LInaiRya 4 122 (0-elvr y@Stade NI 2T Bt tiahpar  dzi y r.

Machag {1 ASNHzy{dz 2aA2¢e&Y 2NII1T &6 {1ASNHz/{dz LINRBYAS
gealt Lidzn yH2dXmgpai S 4N Rl NIi21 6 geyA2a0F n3
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dzg Al NEI2RYAD 12yO0SLidet O2L) (edE @RRIDE YNBSS NIUN:
L2 RRT gAt {2682 yI Orovda U2L) G608

a) b)
] H H b
. \ R
0.4 /
X
[%] ] i
0.3 A
0.2 i - N 0.8 T b
] ~—— .
O 1 ; : : : ; ; X ; ; : ; - ; - : : ‘ : : : ; 035 - ‘, |, ‘, | ..I.. ‘, |
1 1.2 1.4 1.6 1.8 2 0 0.2 0.4 0.6 0.8 1
Lokalizacja strumienia osiowa Lokalizacja strumienia promieniowa

—@— Mabs - Mrel

Rys714.. ST 61 36t RYBRYWE 21 0 f :R@sicvés 1 RIOQHOI LINR FAf dz 3
1¢U NI 6t RT ¢ NiH NOORTT IO SLANER YASYyA262 REfLF NI gt |
Ocyl2YyASeaal e LINEYWSZs ddNT & @LINILIO STy Rl O
7.4.2. _opatki wirnikowe o profilach znodernizowanych

WE1 T2aidl 02 (2 1 2ideIRBY S3/4il206yFdefi@ndaticériVRcjioRe O 2
dz& dzy RtRGMNF I yA S a0 NHZAAZ LIARSIASNTIOKyRhio 132 YRDST A
TYALyt 3S8S2YSGONRA O2dpbkadyBhdza dzy N2 y ODOK] D8RS S
dz2SYy @ OK 6L gaillsadnig ORT WwAMANEMDS Syl LINR F AnfedzZ  LINJ
pogorszeniud & (i dzt O2A LR SHHANRYAS I REPOSTP 2L Yt AT O

T Fdzoldo2y@OK LIRROTIA& FyFftAlT @ LAsSNY TYAFLYy OAIlYy.
YyAST yI Ol yn T YA VINRFAING 0ABGs R2fyS2 ws OV RDOA

GLINR gl RT 2yS R2 3IS2YSONAA LINRYSSAIBR&ie dkolorerg a i | U@
YASOASEATAY LR1FTFye T2a80F0 LINRPFAE LI R212YIl YA

Zwymiarowane profile po modyfikacjachpd T I y & ®DO& Yy ¥R t AT 217 OA LINJ &
12yASOTyS o6evz2z ToAt1al SyAS YIFGSNRIOdz L2 &0Np
GLINR G| RT SYAS yASGASt1AOK dzoweélilsg L2 &aiGNBYAS
wprowadzono zmiany tylko dla obrysurgpietu profili T S 1 3t t Rdz yI 34 O 2
LINY R1 261 OAl A S NHzy | dz T OAL YA O2LI G1 A GO TYAS
Pokazane wazl O N O WA N Qldgfle]podtzas przeprowadzania analimadernizacii

1al dloiddz oéove L2 RRI 6| yjBm W 2dRrogiain@narduY Ansys2 Ré T A |
.t F RSDSy I zmienigndilsaNEBIM OG NI} g6t RT A yIF Gl NOAL A al
LI NI Y®GNbgd 2LIAae&gl 0e StALedl y2i 6 LINI SRyAaSe
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ol YRl 0 dz®d NY &it (RH GLIBNMAKIRNIBA o Sef i A2 86D yaAR 41 NI2T C
LI NI YSGNF 6 ! ylgtedin QizyENioa BIwezd G2 | NPrzyjimdwade & LIJO@ &
g1 NI 2A02G0 NGFRISOO0T eyyAls R 23R4 SBARIIBSE NI ot RI
aAt 2R o0Xp dz LRR&GISEE R2 MNILANTRI Ao ayLRYedsddzd? Nl
Y626l NRIT AS2 2RglI 2NRgegl v 1aldlod LINRPTFAfdz gée
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Rys715t 2Nb 6y I YAS LINRPFAEA G(62Ni nO8OK LIAsSNR 0O2L} 0
M dzf 2126Fye ylreoftAadde ad2LN Az LINJ SU N2

W ten s & zlikwidowanel 2 Zojpwsko,)2 6 4G 6+ YAl T FgANRgl Z2 OI &

yI AUNRYAS Nah RySA 8164 2est@vbdp AT 212 6 A SNI OKy A S LJ
dz2SYye OK ¢ 1 ASNYzy \winikéwejl B ER R L2 02 LIZdhekit AT | 02
S YrRO&E lGrieiypyvepsNBasg 2 oRyAsNSYIA przekkdNB T A £ A
L2 0202y S32 6 nIny288a2 |l2diddoEcay@d INRPEIGA OAT yYASY AL
IsNynNn {NIesgn 2NIT TYyAaScail SyAaAS TFtdz Gda 02x OA
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przekrojul a1 G Ol g &1 NB aRik LI2] 28AIONRoyIATR 31880 Qi3 a0 G dz LINE F 7

08T TYAlFLYyd t2R20yAS &éddza 021 LINJI SRadGlF oAl &AL
Y20yl 1 Inidzadcaniés® ROdz0 2y N 1 NI @6nN LAV DNRRYWA SINEFIA
O2LN G126y seaildtLidzn 3IANFRASyGEe OAT YASYAL é

{LR62R26I VS 28ai G2 Geyz OTad OAl NI &F »wit R A LI
RT AYIOFYF LIOégl 2ndé &aGNHzYASZ 211 o0f21FRI® 2 ST
OT NAadSOT 1A LIOENAD é RENIA2ZEN ayEaSyArll f dzowg®832 12y
obszarze2 LINJ 8 LJ R1dz IylFtAT26FyS32 LINRTFAfdz 6AREFES |
6Rdzd2 YyAaSzale STS51¢linlinisS Oxgitich 8ly B A t@ adid (NS &ldz |
RfF I NI gt RI A EANEI ol 2weRfRd RO WA RBE&ZAZ2RODA 02 B
Dla tego przypadku neRys. 717 6 A RIBE2RY S 20y AdLFYAS aAt ORI
aanodsSa ¢ LROI NG 2662 LI00 1 Inib§FH el syatySpowodywatieR T &

a121F YA OAT yASYNI ¢ tyRTINGEMIYRI REIH] A alL0egdzd 2 S
LINBT SyiG26lyeOK t21FtATFO2 OK gelNBaeich 26 0ADNT
1al G oldzx 02 2SaiG o6ST LRI NBRYAY 6ailtiTyAlASY Yo

Rys7.16.t 2 Nk g F A8 6 A SNI OKYyA NBLINBIT Sy iddzande OK LINY R
Rt 02LF GS1T LINISR A LI GLNRgl RI SyaAd

Rys.718 LINJ SR& Gl 6Al NRBIT 1 OFRIAENIRASYliydr: OleyiRrE 2
WEl Y20yl IylHdetssegsed Rf$3I2 LINI S{NR2dz LI2tS yAaq.
O2LJmapAh NRT AS2 Nbgy2YASNGORY | {530l &0020 IZ RIS NBEA 2 LI2
g1 NBadz 200ANBSYAl ©V2LIG1AP® bl LINISINR2dz n3c
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NEB 1 1 OK R ¢gzxz8nfikal roboczego w tyclbszarach Najmniejsze zmianOA T YA Sy A |

I Fal o gy N 58 a2t iGemyidka2 Mdlewidlkictzzmian w geometri.

Blade Loading at 40% Span Blade Loading at 65% Span

190,000 -

Pressure [Pa]
g § B
L.
Pressure [Pa]

150,000 -

] 0.2 0.4 0.6 n.a 1 a 0.2 L] 0.6 08 1
Streamwise (0-1) Streamwise (0-1)

Blade Loading at 85% Span
210,000 5 f f

200,000 3

190,000 3

B
8

170,000 5+

Pressure [Pa]

160,000 =

150,000 -

140,000 =, . . ; :
0 0.2 0.4 0.6 08 1
Streamwise (0-1)

Rys7.17.00 OAnRBINR FAE A yYI nns cp A yp: os8a21:

0,4 wysokosci topatki 0,65 wysokosci topatki

Pressure Pressure
1.880e+05 1.940e+05

1.838e+05 1.881e+05

1.791e+05 1.821e+05
1.747e+05 1.762e+05
1.703e+05 1.702e+05
1658e+05 1.6432+05
18142+05 15840405
15686+05 1.524e+05
1.5258+05 1.4652+05
[Pa] [Pa]

0,85 wysokosci topatki

Pressure
2.020e+05

1.953e+05
1.885e+05
1.818e+05
1.750e+05
1.683e+05
1.615e+05
1.548e+05

1.480e+05
[Pa)

Rys7180 al LJ& NRIT 1 Ol Rdz ®admy AcSp/ AN yore AL INd &858 N2l (K
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Na Rys.7.19 pokazanoNR T {1 OF R& f A y40A 65 a 80%@iz% & 8 y@&d LARKGI A
Nl dFRyeyYgleayixQxKz2 A $ 2 gAral2 LRoaldl sgkyAl GANF S
to miejsce przy analizach dla profilu bazowBgo 02 1 2 a i | U2ychlsgniyd¢hl I yS
LINI ST NP2 OK 20Nl T de2en®esd®. STFS1T G 2RSNBI YAl &G NYz
0,4 wysokosci topatki 0,65 wysokosci topatki

Velocity = Velocity
4.000e+02 | \ 4.0006+02
i

3.000e+02 3.000e+02

2.000e+02 2.000e+02
1.000e+02 1.000e+02

0.000e+00
[ms*-1]

0.000e+00
[ms*1]

0,85 wysokosci topatki

o

Velocity

4.000e+02 ,»\\
H 3 \\\
3.000e+02 A\

2.000e+02

1.000e+02

0.000e+00
[ms*-1]

Rys7.19.Linied G NXzY A Sy A | gbddfinBkadoNel g8 1200GR8%2 6 S LINJI ST NB2S LJ
L202062yS yI 2S2 nxXn A nIcp A nIyp i

743. t 2N 6yl yAS LRRallIs26e 0K LI NIF2VLSGiNBAG LING NSYR? R
modernizacji.
t2 GLINRSIRISYyAdz 12NB1l ¢ 14l (LRSS YLNRSENE RS
ALINF 6 RT SYAS LI NIYSGiNFgG GSNX¥Y2Reyl YAOT ye@ OK Rfl
GaLls 00T @yyAl alLl R{idz OATYASYAIFIZ YASNRBI2® Rfl O
L2 11 T1Td22Ss S LRYAYZ2 SLINRGI RI SyAadz T YALY 6 LINPT
spad| dz OAT YASYALl @ hi yl Ol G2z oS TFHOK26l y
OAT YASYAL yI gt 20kévejhA gt 20AS8S 1T O2LF G1A 6ANJ
Y2f SayevYs ol Niparanetiey KiSNG I EDDORY L2 N gy 6 Rf |
080Ul &aLINI ¢ RyaT2aprasdstadiavyost®d LINI ¢ W21 OB edderiizpwanef
T 60FLal Ol ¢ NB22yAS 20yAd2yS3z2z 200AnASYAl 61
5t yY2YAylfyeéeOK LI oh pszi iy HiAQbdzS 0T & 626N y A S OA
zauwaalny jest wzrostd LINI gy T MO &2 T | (LINNE  YONT S233z6 | YA dz & At
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gAt1al §32 200ANdSYAL a 0 NHzY A S¥ 1SV yual pgoalld®e Yz LI
bazowegoWszystkigparametry termodynarh OT yS T 2a i @&l DHGA F4 |

1,45

OA

14

I YAl Y&

1,35

{ G2 adzy S

1,3
1,25

1,2
118,13 132,89 147,66 155,04

{GNHzYASZ YEka28e& o]3IFauy

—@— Profil Bazowy =@ Profil zmodernizowany

Rys7.20.Wa LJs OOB &YW RA Hz OAT YyASYAl OFO126AGS3a2

94,500%

02 LJ |

94,000%

93,500%

{LIN} 6y 21 8

93,000%
92,500%
92,000%
91,500%
118,13 132,89 147,66 155,04

{ GNHzYASZ YKha2é6e o] 3IFauw

=@— Profil Bazowy —— Profilzmodernizowany

Rys7.21.{ LINY ¢ @ 2 LJOthikowejBfAINI G NI SOK &I NAI yisg 20

O«
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7.4.4. Podsumowanie
Dla modelupo modernizacjiwykonano dodatkowe obliczenia przy zastosowaniu modeli dla
LINI SO¥BSRs 6 yRUOEMEIOK2 Gy Al 21 NBISING k68120 DAY 102 L.
GANYAl126S2 2NIT LRT2aGF080K LI NIFYSIiINEg GSN¥Y2R
Rys. 722 i Rys. 723 LR 1| INEZIN] OARRYASYANRT 2N R (2 N} &
LINY R1 21 OA yI LINJ e10FRTAS dzal O1 St yotskyiia tychy I R o |
rysdzy 156 Y20yl INBIYRTRBNFEBD OAT yASYAlF 2NIT &6ANE
0 f I &u$ziz@nienia. Na podstawie tejaiih @ dzl @ a1+ y B2 BWLINI ¢ 21 810 SOA S
uszczelnieniey R 0 | Yy RynasiDBB kg*s®L | ¢  LINJ @ LI Rl dz dzal Of St
kierowniczej(uszczelnieniga D 6 I NR 1 A S 2 ¢ zbiBsialondaie 2nebuyeementach:
GANYALdz A QO05ARKg®BMO AL GRAOST LRI NBRYA gLIVEs yI
2NIF T &ALINI gy2106 alG2LAl ®

A

Total Pressure
Contour 1

l 2.135e+05

2.002e+05
| 1.870e+05
| 1.737e+05
- 1.605e+05
- 1.472e+05
- 1.340e+05
- 1.208e+05

1.075e+05
I 9.428e+04

8.103e+04
[Pa]

Rys7220 w21 {1 OFR OAT YASYAl OlOR2 &4 YyRIAD 2®ISARdz0

Velocit:
Vector

5.317e+02
N | s e

r 3.990e+02

[ | 2.664e+02

- 1.337e+02

1.105e+00
[m s"-1]

Rys7230 w21 {OFR OATYASYAl OlOR2 &4 YRID 2&ISABd2D
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P2al OleSpamrhefiy | yIf AT & 21 A0NHzYASZ Yl azges 2z
generowand LINJ e NR &l Y20e& adz2LyAl A OH©e&al | GazNDd
SadlgAraz2yS 1T OZ400minwTabZRBABREBEXEPGKE 8 OK geyAll I 0
wzrost mocy z ostatnge stopnia wyniesie 803,58W, cospowodujewzrost mocyturbiny.

Z5 ¢l dttRdz yI 23INIyAOT 2yS Y20t Ag21 OA yAS R27:
turbiny, 6 NI 21 6 LTaRFPA@Sad 2SReyAS 41 NI21 O0An 2all
poprzednich analiz (Rozd#i ©8.3). Wzrost mocy 0,45 MW nie powinien T y'I OT nO2

2RO0AS3AI 6 2RNIGE XL ¢ $ dadk] (RoRdxk @292 (126532 OFovsSe i

Tab.7.7.t I NI YS{GNE |y I tOR1LeakiAINGEGRS LIW & dcdlyeiaaizaci

hot AOT SYAl &aLIN} gy21 O SPLSB400mm  SP LSB 500mm
{GNHzYASZ Yl azge yI ¢ 143,1 143,08
{LINI 6y21 6 02 islbphidps] 2 a 94,16 94,28
Moc generowana z ostatniego stopnid/\f] 863368 943721
t NJ @ N2 & ovt&triegost@phia KWD A - 803,53
Szacowany przyrostocyOl 0SS 2 { dzNJX - F0,45
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8. hot AOT SyAl geiNI eyl oz21 OA26S

2 GeyY NRIRITAFES 1T2aGlF0 2LAAlIye NPIREOS&Ez BINY KA
A 2 1 NBljelgd ydebmetrii stopki oraz 206t A O S$2 geiNl eyl U2
statycznych idynamicznychO2 LIt G 1A A dzO2@J- éd 52 b6F Vg8 (RRBDOI &8
nA ST 6t RghBikagiZINR 2S1 G261 yS2 O2LI G1 AP

Przeanalizowand 2 LJtwiry A { @ ¢ N 2 kirdwhidza przedstawiona w rozdzial@
080 YASTOotRYyl R2 20fA0BSZININIB RV 268 QKOI SEI
LR YAYAtL G @

LyFEATLE ge@dNIevYlI o211 0A26F T 2aiGF01 gel2ytyl &
przygotowano w3D- Catia VH64].

b2g2 LINRP2S 1026yl U283 dd A QA GT 2§ 4 1ISEpEdni& B R ILIYIA |
z wymaganiami 6 S ¢ y t thiNfrgy@ GE. _ 2 LJI ilnkowa Y dza A  apaBzowana
statyczrei dynamiczied a dziA T N 0@ RT ARPRBER GBSy § I LINY 0B WIH 2 INBRS O
VIELNY OSYAILROERZRI ®0O8S 2R LINI2BJoa' s NEODFE Ik NINY
L2 gRIAZNGS LR aDOT 6 DRHULPEPMR Ydza Al & 06806 LI2NF 5
dopuszczalnymidla 6 | y &I © BIXO2NIF (1 A 2 NJ&A G 2 LINR YA SWAYALEIRT 821 C
LA 5 NBY Aorazkly RNBSYA adz2LyanNn

8.1.Model obliczeniowyMES

W celu uproszczenia iINJ @ aLJIA SaT SyAl 20t A01 SZ madéy LINJ S
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9t NJeat 2 &A WaérzechRierunkadhSyllo ez LINE F A Kiedmeb 2 LI G { A
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LINJ SLI0@ ¢ 2Ta82). ot | G NJ

Tab.82.2  NIi21 OA aA0 2RRI Al 0dz2nNO&OK yI LN

Parametn Kierunek X Y Y4

{AOF ®bs 421 -189 705

Ostatnim etapem przygotowania modelu jestwykonanie siatki obliczeniowej MES
m3atadaliF aArAlr a1l dey 711 LR iesdoSa A siyySeelulIN & e d2 2 0
parametry siatkitak, abya LSOV A 1@ F eaG1AS &Yl 3IFLyAl 6Séyt (N
ReAINBGel I O2A [78Y AR Hrocksie Wy ukiaiiss dptymalnego NB T g A DT I YA I
stosowano w pierwszym etapiemodele o zgrubnej dyskretyzacji w celu uzyskiwania
geyAlss 6 | NsdGaley OlFaAasSo

Rys813d a2 RSt L} ReaiNBiell 02Aa 6SROdAA 1 f
PNI {Ge1{A FANYe D9 ¢ 1TF{1NB&aAS ReaiNBdGell Oe

L2 &l Ol S3st ye oK A OK 12YLRYySyils s L2 RIF 2N Yl

AALGLA 6 12Yy] NBOyeake NBEMWRlY | OKE 0243 i W|S  LINI |
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02 LI (S jego atapmiaNiry
mniejszaz R 02 LJ G 1 A

t NBT Sy 26l yl ¢
2 a U1 co yaAndndidzie posdidtla Jyimejsze powierzchnie,

iSe

LINF O&

02 LI (

1is5NB LRRfS3IFa2n Xy isSNORIGarR sY e RIRE | WRNIAIS@A T N
wymag YS 6 12y OSNYAS 2NI I TradzazelyS LRROI
pokazane wiab.83.¢ 2 O2 1 A yaSE G2 T yASOKIYyAS &ai2az2é6ly
liccoyn St SYSyildsg 6 LINI SUNRB2dz 6ANYALlF | R21 OF Ry A
6210 BOANYAl yAS 2854 LJNjélfQY)\Z[']SY Fylrtate
NEIA2YyAS 1 Oron wgayd vl aicjy” BpBanes \Eabh.8.DILRA i | U@
przedstawionenaRys8.13.
Tab.83.2 8 YIF Al yI R2]10FRyYy21 08 R0 aNSNIERS (O A0 2I1ad 104
Region Wymagania wg Wymagania stawiane Zastosowane
dobrych praktyk 02LF GO0S p NET 6ANDT I
w2l YA NJ yI
elementu
1. F yRI® Rozm. maxsmm Rozmmax. 5mm 5mm
2t N2 YwNsiZzS21T ¢ Rozm. max.mm Rozm. max. 2/5m 2,5mm
0l YRLID 5 NB
3 Powierzchnie kontaktuy ~ Rozm. max. 2mm Rozm. max. 2mm 1,8mm
ol yRIFDI
n t NEYASZ LI Rozmiar & 8mm Rozm. max. 3mm 2.25mm
LJA s¢NtBpka
p tA3sNER Rozm. max. ~10mm | Rozm. max. ~10mm 10mm
Min. 2 elementy Min. 2 elementy
w przekroju w przekroju
6 Stopka Rozm. max. ~20mm| Rozm. max. ~10mm 6,5mm
7 Promienie na stopce Rozm. max. 3mm Rozm. max. 3mm ~3mm
8 Powierzchnie kontakty ~ Rozm. max. 1mm Rozm. max. 1mm 0,6mm
stopka- wirnik Min.c St SYS| Min55t SYSy
w przekroju w przekroju
® t NPYASYAS| Rozm. max.3mm Rozm. max. 3mm ~3mm
10 Wirnik Rozm. max. 18mm Rozm. max. 18mm 175
Min. 2 elementy
w przekroju
t 21 2adldmengz  OT &t A 12081 A of 211 RI LINJ S & dzé «
zamodelowanel | L2 Y20N Fdzy 1 02A a&asSSLE A NBI YAINBY
IMEZp YYD “%RSO&BR261 Y I gAt1al2io 12YLRYSYyil(s 4

99/154



r GNUEg -OIIDEACT DNCA CDOUGCi NAPUuA agDEATyi 11 GCi

zdyskretyzowand | L2 Y20N St QYSY Y OKGEI NI De IMARSE a1«
gt 1 06280938t SYSyiis g

Dla wariantu 6 02LI G1A T8 &aidz2Li nNnedlt RFe a0 | 201
model, & 41 3t t Rdz yI aLl2&s506 Y2y il ddza 020 4INyRASA R
NPERT 256 sawdmiSps LINI 832326+ yAS Y2RStdz 1020
{NaAl Rdz2nNOS TS &a2o6n &aid2LA A an &ag2AyY fdAaGNI+ye
NET 6ANT My2AA Sebirai206 I y A LI NJ e&di2S 2 R NOxkH 6 &2 Lok20L]
ARSy G& ol ymuINd BAIIRN Wz T | ad2826F yAT FywRSLIEKRIO: 3 B3 Sy
O2LI 41+ YALOlIoe &ad2LIt YMsARNDOUYS @ Ioadylami IS L2 |
L2 Y20& R2fyeOK fdzo &l YeOK IsNyeoOK 1201560 az213
ze wzdd Rdz yI 2SRynN O62Hdl ddploN® a1 OT Sy Al Lyl tAale 1
wirnikowych Proces dyskreiacji tego modelu przeprowadzonovg tych samych
NE3Idzo 02 LIRLINI SRyAz2o

2 GeyY LINJeLlRldz TF3tal Ol SyAaS aAalidlAr R20G&071 &t

ich instalacje.

Rys8140 a2RSf 1T TFradz2az26tyASYy ad2L3 A LIEO
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83YNBGSNARI 20Syeée geyArlssge LylLtAl & g&iNg e
2 LINI Sail 025 88 NJ 2§ yuprst@icip R LI dsfathiego  stopnia
o1 261 0CF yI |yl fwykolzyStilea W5 NVSRBIBOYRSs a12Z01 2y
YNBGSNRAI LINP2S1G26S R2Ge01 N0 eadidd el padg i RuzH ¢
Ol tadz2iGtAg2] OrA28S2 T2aill ve 2 LA kyyi onkketnyndNd SR a
przypadku kolejny raz wymagania stosowae FANXA S D9 o0& veé LINJ &332
2aGFdyAS32 a02LWENeOT OT D2y ¥8 Al FENDOPS2R2aG242
g1 NII21 OA R2 LRUNBRYAZEBINROEUYS O t1 OA

Tab.8.4.Dopuszczalng | LINY 8 Sy Al t21FtyS Rtl 0O2LF 41 A

YNBGUSNRI R[{b26S {1 NEBUGSNI
YA&al2LINY ® I NBRY A 2 LINY
bl LINY dSy MPa]{ bl LINY d Sy MPa] f

al G§SNRI:O 02 LIBITNE (X12CrNiMo12)
Rm(2@C) = 93MPa Re(26C) = 78MPa

t NEPFAE O2LF G1A "1 <650 *1< 575
t NB FAfcl B2 &t RT A "1 <650 t 1< 475
t NPYASYAS LINI S "1 < 1000 ' 1< 880
0 | y ROI2 dJkstivpka

Stopka *1< 1000 *1<880

2 LIASNpBai Sz 12t Say2i Ostatygzhefary.oSteady Statef Y, 72p 20t A O
W Tab.8.4z0a (i Ipreedstawionekryteriay | LINY 0 SZZ t 2R 1 A §Fel0OKal O1 S3st yS$S
Ydza & WSOy2A 61 NBR 1 2652 | 2 faddy yalSNIid2Yi AGBA2 aRI21g ARSI G S
Ol ty 081 2LINY 0y & O/ LINF By A @R 211 oy Swiemie[{fASY YI 2N 2y S
d622S dZ I aFRYyASyAS 6 R2G80KOTI&a2s80K R21T6AFR
t 26 SN bASYyAaSa 2SRyl 0ARBR2 QIodamgo StEpa b & ONI & VA O
VA&E12LINY 0y &3 t LINISAB BBz 2Sad yAalin 61 NLI210
I NBRY A 2 LINY 0y & ®IK NubayGaiRgcre badanych turbin 13K2jEst temperatura
215 AYUIIRSNA L O ¢ GF {AOK 4 NHzy 1l OK YWtyhegeMiS 40O 1
zmniejszonoR 2 LJdza T OT I t yS SRR T ID2aTVOT &3 ¥ Yy ¥ BSP 2Y LR Y
odpowiednioa 1 I f dz2nN0O 2S5 g1 3t t RSY T YAlLY 3ANIyAOe LI I &i
t NJeatidie Y2RSt 2Sad Y2RStSY O6FNRT 2 (2yaSNyl (e

t2R20y I+ aeéddz 02 YALFOF YAS2a0S 6 LINJ @LJ Rjc

2 |

al GSNAFO {lnpgp¢{ LINJeatdae R2 of AOT Sz 2Said yl
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Y2RSNYAT I O2A Ol t.1IOAMIENG E0ADBEA YA QK YRMA D LIy e OK A
f21Ftyn R2LJzAT OTftyn 6ASMPARD®S). yIF LINY 9SZ yI LRI

Tab.8.5.Dopuszczalng | LINY 0 Sy Al f21FfyS Rfl @NYodz

YNEGSNAI R/ b26S 1 NBGSNJI
YAal2LINY d I NBR2 LINY 0
bl LINY dSYy MPa]{ bl LINY d Sy MPa] f

al GSNRF D ¢ A NY St350TS (X12CrNiMo12)
Rm(2@C) = 700MPa

2 NY 0 alizmrJ t alGSNRALFO y] 1< 925

52RIF0G12¢eY geYlIlLyAz2YyY LRRtS3II 1 Ofsbopla 02 LI i1
O2LJ!Gol8h 03 A LISOYAS yIfSoe LI SILWNRGNT R SAZoa 220yt Aalkl
Rt 1F0RS3I2 LI2SReyOl S3z2 11 Of BLIA Boténtjahd 6y 2 I
LIOF &1 OT @1 yAS dzal { 2R1 Sy Al G S abficzoByk SyKdszystaoizm t | NI Y
analizyo 5 A L2 NH ANT WS yiA I YA dRDP 2JdiE 4 PEMPA[SOR | Wiknika
305atl® tNieé& OleéeyY R2RI(124BDY & pridPad P R dZA NSRZAS
VELNY OSYAL 6 FylftAl 261 yeYKLINING $F NR 2 Wdkh QING Sy a\
przypadkuy I £ S©& LINJI SLINPgIF RT A6 R2RIF(G126S 2064 A01 SyaA
plastycznegoy 2 RSt dz YF GSNRAF Odz A LINY R{1 21 OA Kofisoukdell 2 6 S 2
dzl Yy 2S5 LIANEtg RRORIGLINE 2 IRE2 6 ¥V s aliNLIA  dzLJ | dd&C
ROdAAZI PAE2f ye Y L2 0ImSyiAdk e2iayre2 sieyyn O SRys8i1%.O1 S LI a i

PEEQ

{Avg: 75%)
+5.511e-01
+7.000e-02
+6.3200e-02
+5.600e-02
+4.900e-02
+4.200e-02
+3.500e-02
+2.800e-02
+2.100e-02
+1.400e-02
+7.000e-03
+0.000e4+00

:

Ol elfye GyndSe 1T 01 SLiz &N

t 2ROT A LINR2S|i20f yAIOA G2 RIlyRS (NRG d&ZNERAREANE 6 5 ¢
TYtOT SyA24t @ 2 al Ol S3s f yasiakdenia YEFAIX S 1 yNR2G T NI
gLIVRY NG YI2WeBRAGy2ad b Oy A S3 21 GEKFGYA2LY | (5dzN2DOAT yASGH

I Yt Ol Sy Al yAal 2 (elINTl st wbraieRangnych| 028y L2 y Sy (i 5 6
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[81,82.2 (S22 I yI teRll 3 niakdpiadhaiesttonaneda A & R1 prbfibl 2N 0S
¢ T Wb od pary temperatury orazczas trwania jednego etapu cyklu. Na jeden taki cykl
A1 0 RF aAt NRIONIOKOSK d2 B3 NBI X SWwms yI LINY 8SZ YI
gradienty przyrostu i spadku temperatugyaz2 6 OA RO Sy Al 1T 32RyS 1T L&A
eksploatacyjnymi dla turbin 13K21Bodcza®® OSy & o edegl (f2ATRYM I yS &an 1 F N
2RI NRPR7126S CK2IRT POSI S 2 RJI2 LINI Bnicihdempedator® § 2 & LI BuB
T RSTAYAZ24 YL L2 YAt Rig® teinferatid phcy @ANBA® LIDIASS 68 U2
12y ASAiy12dGRAF yALF OTFadz dziNI @YFyAl Yl{lagayvylfy$s3
LIN} Oé y262LINR_2S 1i26lySe U2LF G1A 28adG Tyl Ol yaSs
AAWSOT X ¥VEPLE Yy OlgaNLOEPE XA 1 2yASOT Yyl R2 abGgAc
ALSOYA2yBKiA2 ReadAORE GF1 ak Y2 YIFEGSNRIF Odz 02 LI G

W  kolejnym  etapie  przeprowadzon 26 f A OT Sy A | ORNBIKIZ G A ¢
O2LIAG1dxO2 LI G| 2@t yS@2i NODR&& G HOSEFARS d2 RT AL OF v
2RI NRPRI@YPBERdz2S arat 2SS ¢ OAdaded dzFAt YARCEIRE T OF B2
analizowanyjest wykres Campbella [10, 1] 5f | dz02LJ G126y S22 G NOIT &
wykres interferencyjny [11] gdziedla LINY R1 217 OA y2YAYIi t 82 A 6 BT 6 |
I NBRYAOeZ 41 (p@adibaS|®ie wymuszeni@ R f AO0T oe 0O2LIGS1 14
2 fAGSNY GdzNI S AARERCOPYNEORK RPLEIREBEEAZ2Y gl
GOl aye OK 0U2LJ 1685 8&8VINY A1 268 OKX

5fF ©O2LI1GS1T T o6lFyRFEdSY AadGyArsSan 2dz | NBGSN
dzy A SNEIFf yAS adadG2a2¢tyS R2 02L} 0SRuodisywamy&a2 ad2
g GS2 LINIOe FylFfAl LRAVAGPY2hBAEI YisYay &l V2XA&l i

-RE I RUNHABRE OT t RNBGEABFLIOSNI AT @ OK 2T YAdz T NBRY
R2 Ldzal OT I aAt geadtLRgl yAl 6 Id2 ySPoyrordimalng] 1 | 1 N
LINY R1 21 OAN)2oNR(28Se

-RE I o eDNibkld QK t a G 2(6%=%Aw 2X OWA RWEZ 128 OK &l ST OA dz
YAS R2LJzaT OT I aAt geailt Lol yhs%b doNdB% Boyhinafhgjdz ¢ 1
LINY R1 21 OA(N)2oNR(28S2

-RE I R ATaG2GsAG 28 OKNBRYAO o6t 1 02580K aAsRYS
R2LJzAT OT F &aAt geadGtLlRgl yAl K% ydeyrnomdnalme] 1 | 1 N
LINY R1 2T OA(N2ZoNR G265 2

-dla wszystkiclgrupOT t G20t A ¢g21 OA R2 5 anidRany MaBiReg A O& 4t
NBT 2yl yadz T2aiGlTab8eR 11 Fye ¢ GFoStA

Dla wszystkictOT t a i 2 RNEB Z1 SR YAYIFfye YIFINBAYySa RfIl L
gt 1 02068 046% By 2aA
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{ADe o] DRRISYGEEBE B dzwedoal 0K T NERYAD 4RIYA2d & G
YFEOS A RftFdS832 yAS YI 1 2yASOly21 OA aiG2a2é6l yAal
NEBT 2yl yadz ¢ AOK T 1NBaAS geadtLRsl yAl o

Tab.8.6.52 LJdza 1 OT It yS YINBAySae Rfl Oftadz2dftA

| NEBRYAOI ogt1026F 01
b2YAYLfyl 1 2 3 4 5 6 7 8
obrotowa (N) [Hz]
50 5 5 5,5 6,5 7,5 8,5 9,5 10,5
Margines [%)] 10 5 3,6 3,2 3 2,75 2,7 2,6

W przypadku gdy di®T t a G 2 0 i NBRIYQAX 61t $§ U2 6 &yYAAD YsASRSET OYAA +
GAGNLIA T2Fsral2 NBI2ylyads yAS RBal|6ttATFALde
VEE 8028 ALINI sRT ADS|2ARUBNBAYSEYI( F 2y BIBRdx v dzY SNBE O1 vy
wymuszone¢ | 1 12y adNdzl 02 LIRoAYyYyl 0 &y stanovBsRe LINJ S

pomiarowym
hadldyAYy 2d2 {NBGSNARdzY 680l 12yASOTy2106 &LIN.
O2L) G6S1 aLkR¢g2R26lyS3a2 1T F1050SyAlLYA 1T aaxsSoOA S

W takimcSt dz yI £ S0l 02 OpSHARNEPELERIB®E 8 SNPgse OK T N
gt 1 02680K LINJ & y2YAylLfySa LINYR]121 OA 6maNRi26S2
INRGORT &b 2 sieci klek@ybzOe) {f){79]:

fi10< 0,94 ch;\ 35 lub fi,0> 1,05 Xg;\ 35
fio<1,88 x4 55 lub fio>2,1xfrs5
841 yI £ AT I 20f A01 SZ RASOND2NMIF DKk OAI2S6 2 K I

ol YRIFD®SY

W pierwszym etapie przeprowadzonolari A T t withkdwkjzio| Ay &o60ST o Ry & OK
dodatkowych St SYSYyRys @1l & ® hil yF OT I G2 NRIgANIIyAS a
O2LI G1+FOK fdzo YyASe 200ANd2y@0Kd ¢ 1AS NRI GA
LINE Rdz] OA S n2drdr ddpakdzie udanym400 mm. NaRys.8.16 przedstawiono
NET {OFR yILINTIRISES I miytelOdkeS YIl1aayrtyl ¢l NI2T
2LIAalyeOK ¢S gOi STyaSecaley NRBIRIAFESET g1 NL2T
przekroczona, coR@ a1 o f A FA 1 dz2S Ni¢ |mhi§ pokiRuieA mMiéjdey A S ®
YIE1aeyYlfye OHentINDISH2NBRA BA 2Sa0 ¢ aidl yAS dziNJ &yl
2RI NPR]1 262 R BENJOS LIAFMOE 0GRS RIZINED
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ENYzIAY FyFfAT 26FyeyYy LI NI YSINB Ye EBadiY gia Sy | RE ¢
ol YRRWBIDHNF Oy AOF LRYAt RI & &n ailjeRdegototnié #,251 S & 2 ¢
YY LINI SYASal O Sz Ol 0 a2\ abnime vokdieinky gromieniosvydS0,08 { OF R|
mm w kierunku obwodowym i 4,59mm osiowym. a2 Oy 2 | RSTF2N¥Y241 yea
G2LIG1A 6 3IsNySe OItT OrA 61 Y2OWAZRE 22EDEALRYS:
elementami(do ok 4mm)® t NEFAf &1 NY ONF axANDODSYR SHPOVEE | B az
orazwygina, copokazuje przemieszczengomienione. Powodujetoy' I RST Ay 1S3 NI Oat

02 L) G126 S32 odvzudeicBtasdwRniarakigg2 N2 T gA DT | YAl @

Rys8160 bl LINY 0SyAl 3I0s6yS ¢ 212t A0 OK <

Rys8170 t NI SYASal O1 SyAl ©O2LI) G1A 6 206al

Ly FEATt LN SLINPGIF RT 2y2 RfF O2LI G1A I¢ 6NYoS
y6I2atSLal ey NRIsgANDT FyYyASY LRWtysélementiikBaksyniabea) NI & Y |
f21FfyST yILNYOSYALIMPaalast doypS NI BV B2 33085 Og it 2NOL
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1 NB G SNX dzy © Syiedolylr aeddz 02+ YI YAS2al0SsS ylI
p=499at I 2N T Rf |, 35612MB4 Pla (O LAHtIRITAA & LJO@ 6dz 2 NI 1
YIELNYdSYyAl &an 1oéd ¢geaz2NPabBlssawmPacdy2ai N 2RLIZ26ASR
8.5.Analizyg & (1 NI & Y I O 2 LIOI& ByBranychg I NR | &/ 10y B O |

2 O0Sfdz LRNbgylFyAl LRal Ol S3s kofisir@kei 6 LINRILRIlY 2 4 |
g1 NIeloae Yl fyeOK yI LINY TS Nalitdn®oRolh 6 F A DV 2y 8 1 24

pola, YA S& LISOg/@AIyanN@MS2ye OK ({ NREGIGSNNBBERaO2 60 4523 6 [Lidzy

konstrukcjib A S & LIS KISFIASB yAS T16al S 6An0S aat 1T 2RNJ
dlF&FYA LINI STNROTSYyAl geyaillban 1T 12yO0SyidN: O2hi
dzLINB &1 OT Sy Al YA 7 1202y eOK g1 NXzy 1 I OK o NJ

1 2y aidobigakeepwani& Sa i G ¢ atedgiahy] @ DYH &t ALK& Ol ye o

/' Tt1T OANN diaa Wiszgsikich wymienionych wTab. 8.7 proponowanych
NBT ¢6ANI I Z amAwiaRyshs OTi 8 LI A §22 RiISEMIBERIzoej LJ2  Odzl dz 2 NI |
22RS0U1 202 {WNRA&IGSRI NPR1 26> 1G5 NI YAS NBOYA
g NRFYylsg YI NDOoIeNRNI22 1 160 toA 0% f AT FO2A GNYodz 4
YFELNY 0SZ ¢ (Gey NB22yAS ®Eve Iyl t AlleX S, yRIDKS 96

S LINJ SR& (I sl ANIHA IBARREYNISFAST2 61 NAFyldz T AyidS3
Podobnie ¢ NIi 21 OAZ WIH LANE WISt y & OK Rf | gal eaidlaroK
g & a i tZdivenid wariantami stopki 22 RS 01 26N LIRE HldR &2 ENI{I2 652
prostej.52 LINJ SRaGlFé6ASYyAl g&yAlss 11 LINBTSyihz26ly2 |

LINEAaGS2 LRR 1{NGiSY R2 (1ASNHz/1dz 2aA26S532d t 2R
LINE 6 RT Sy Al &[0J2 Linidy @42 RET0S 2 1005 & 1S RUILINKNIMa@ a0 S

a02 11 ddYy ARITAS OKIFN}YTGSNET dz2S aAt gAat1alin ge

ZTab.86geyAll= S TINbssgy2 &aid2LlF 2F1 A 6NNO

RflI galeaidl]AOK I yhiSRT2ieflyRIOK B3 NAd § i s & G NHz|l O
2dzd 21INBIf2yl YALFLYSY LRLNIéyS2s LRYASGIDd LRI 2
W rozdziale83 a1+t T y2 R2RIG126S {NBUGSNRIG NRO Hzd Ay i
2 | NI T QINY 852 1T NB Rdz] 2aénaypéviekzchniehy'styka Apdténdjabo

dza 1T 12 RT SyAL 0 LRYAtRI & StSYSyidlYA LRsAyye 1yl

6RE I ©23IMPh Adla winika 302t F 0 | yIFgSiG yASGLINTG 81 AR DI
R2R

co 2Tyl Ol 02068 12y’7\SOIy2Io ge 12yl yAl RI G
YFEGSNRALF Odz ¢ LIWOFal Ol etyasS T O0AytrandSa 1101 SL |
200ANdF2Nn0e 0K GSy Sfévsyé¢ hTyFOTF G2 T oAt 14l
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Tab87.al 1 d8YIlIfyS yILNIYOdSYyAz2 ¢ AONBYS| B2 S SHBaM2i IPKGI YA 6adG2L3 |

w2T 6ANT FyAS
_ Dwa druty Y2081 Y2 0S8 Y2OS]TYNBGTA| Y20S] Sf| Yy20S1 Sf
Lokalizacja Kryteria G Odzy A przekroju 21NN 21NN RNHzi (dodatkowy (integralny)
trapezu a121y prosty element)
bl LINY 9SyAlPa]t 21 tyS wa

t NEFAE ©21 ,<575 1043,32 410 471,9 477,8 - 488,4 392
t NB FACf
LN 6t RT éﬁ ‘1< 475 850,2 185,4 304,9 2449 - 279,7 396,2
t NPYASYAS
ol yRolead (1| 1<880 775,92 33,3 453,6 436 - 405,9 477,1
t NEYASYAS |
02 LJ-siopka 1< 880 536,41 522,2 511 512,1 - 651 667,4
Stopka .

1< 880 593,83 594,5 633,7 634,6 - 600,4 602,88
2NY o6 LIBR2R 3

11<925 627,3 622 614,9 609,4 - 641,9 621,68
arhS2aos
elementu "1<600 381,38 1253,9 568,2 1090,6 - 602 558
dodatkowego
Element dodatkowy 582,5 814
O RNzl = {21 1<600 SO, spoina 353,6 612,52 ) spoina 176
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(o))
(@)

+{ 240,02
{ 210,02
| 18002
| 150.03
{ 120.03
| 00,034
60.038
30.041
0.044722 Min

Rys818.b | LINY 88y A4 A aSal Rtl 1101 SLBsg adzLy .
WLINJ 8LJ R1dz YFGSNRIOdz aG2LI A SANYAIMPag | NI 2T
t 2 Nk ¢ y3ize [ © LINdo ongksytalnychg A S f Jpékézéngich naRys.8.18, Y2 0 Y |
G006 ASNRI A0S 0SS yWPRgstyyabeRabl NBRI ®R2aeHzal O | f yS2
zmiany konstrukcjstopki. Na podstawi&B 1 1 YOI IRNEréd&k@wanych von Misesd2 o y |
T dzo )R BnegAt {al S L1 tS6S2 aGNRYAS aG2LAN A 06 A
2T yFOT L G223 0S 02LIG1F 2Sad 1T 3AYIl yaldA B OR 8 8BAHzy |
YIE YAND aA0F LR GKRRS INDF I IR LIMINST 2585xWt 2RI NRRY 2 ¢

0.41764 Min

Rys8190 al LJ yILINYd0SZ @2y aArasSaqQl Rftl 11 0T
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(0}
(@)

00041263 Max
0.003667E
Q0032053
0.0027508
00022924
Q0018339
00013754
0.00051 654
000045847

0 Min

Rys8200 ! LJX I &aie Ol yASyAS 11 Ol SLlz 6NY 6dz &
DlaNRB 1 { OF Rdz y I LINY oRXZA 16N Rikdyz8d6 bd/ANOKRdz yI Ayye
kryteriumz 1 G35 NB  y I f Sioy 0@ yaALSS Oy30EMPSEZOs 8ABayl 2NaliAZ T O A

YIELINIRESZ TFOT SLIsg LI tS6S2 &A0GNRBYAS 4NYodz an
R21LJzAT OT Ffye@OK yIFLINYd3SZ A LINISINIOTI2n LINk3I c
080l NPT AMMRE LINY R121 OA 20NRG26S26 oNdmyi| 5 & 6 Nk
brzegowych L12 g2 Rdz2S 1Tyl 0T noe g1 N® &6 zaad iy eidzie2 RT NB F

YELINY 38SZ 6 ol RIyeyY St siv8lyOAspl Ry&ED) \wokgehie | ¢ f A
LI2LINF 6y 21 6 12@8@diNSz 0eND2bOR yRLINY DSZT 08 4§ 210
TE21FfAl 2 Bloy sGKwafkb@yhSezakre yI (G5 NEY YIGSNAIO
YAS 206S2Ydz2S yl Sl LRU2ge LREASNI OKyA T OAYLl YA
Wariant 6T S ad2La N LIERIFradgrRyYARHZROEY D& (G2 LI A
osobno,l £ S LR Rf S3I U (&Y nyaPokdzaney TaNESy $ NN B S F BB dz2 n
nalJ2 LINI 4 2 31adi Nzl O2Ad 2 NIi21 OA yFLINY 0SZ 6 12t Sey

od tych dla stopele 2 RS O {(RB&7OK OK2O0A I d Tl dzoldlftyS an yaisi
promigy’ A | LINOpReE IOQ AN WIHNIdAa NO% 22 15208 geyAall o 1T FI-
konstrukcjiLJO I &1 OT @Tye 2RRITAStI2n0S anail Rdz2znNOS 1§

do teoretyznej osi turbiny. ekt to LINI @ OT eyn 1T YyASa2al Syal 1 2

LIAS NBY IgnRd2 BEAGR I OFyAS GF1A832 YSOKIYAT Ydz 6 LIDE
LINI S27 OAdz octayRIWA SIAIQIYIAS yAdal S WSdStA OK?2
1 NB i S NRarLISityanigryeo F NRT AS2 200ANd2yeéYA StSYSyidl
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p>2

T y .I.

w g ANYA] dzz

IRT AS

YI{iaeyrftys

t 2N> ¢ Y Uz2NDRSIYAYI 1 a8yl fyeOK

Nk dYAOOD

Tab88.al 1 ad&8YIlIfyS yILNIYIdSYyAl

(stopka- wariant III)

Y6 LINY dSYyAl
LINI SyAa sal Ol

I30s56YyS ¢

, w2T gANDT I yA

Lokalizacja kryteria Y2081 StALWeod

bl LINY DSy AlIPa]t 211 ¢
t NPFAE O2LF G1A 6 LIA: 1< 575 458
t NB FAfcl O KWK RT A &LIOS 1< 475 382,1
t NEYASYAS LINDSERI ORI 1< 880 397,68
t NEYASYAS LINdtdhlaal OA I 1<880 711,21
Stopka 1< 880 790,67
2NY¥Yo LBRR aidz2Lyt 1< 925 826,69
Y201A Y20dz2n0S aidz2l 1< 925 705,87
ahS2a0S Y2yl ddz St ¢ 1< 600 523,6
9t SYSyili R2RIG 1268 1< 600 115,2

52,005
-40.226 Min

-3.5172 Min

Rys821® b | LINTOG SyRSIE 2 L2 a1l Ol SAstf yeOK St SYSyilsg
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t N SOK2RI NGO R2 FylftAlT e LkRal ol SastyeOK NRI ¢
O2LF G1 A= LASNBaln 2Yilk&A yids NN YH2S D@ oR&Y|
tOdzY ADRS 2062RTAS TSoyt iGN yewvaASANSARI yASNY Rl P

T FTR2g6 t @8 NIORODKP 5NHzie G0dzyAnOS (N> OATE (12yil ]
AAt 2R YASDBYYE: 2012620 Mize Ydz2nNO 2SRy201 STyAaAS 0©2
JRYY 06201l yeOK T OAFLYy1FIOK NRgls¢ ade] LRYAtRI
braSaidSie dza121A LRYAtCtRI & oOFYyRIFEDIFYA &N&AI Rz
03mmA 2RIAt OAS o6FyRIEDI ¢ &GNRYt gef2z2(dzidall2é2Rz
b I LINY 05S¢/yRab.8. AT/ I OT yA S LINI ST NI OT I 2n R2LJza1 OT I £ y ¢
2LINE O NR G| I YU 4 20R288 YO[SR/NHzINE{d8HS L2 aldl y2oA2yY
ONI & LIRR dzgl 3Tt NEBY@ANDI F R&2YlF RNHzilF YA {(GO0dzYaAn
12Y0Ay2¢l ydRiB2 120851
Kolejnym b& | y @Y NRBT & A DA yWRIS0Y 2 @8] &bO przekroju trapezu

prowadzonyn 6 T R U d2 R R TA &/ $HND 3200 ORSd22 N 0ad. 8. ReLYF Al IASP 88 Y I 240
punktem @0 YA S2a0S Y2yilododz RygaRHey WSy idNRQaH I yRL

L2 21 6A0F aAt 6 LINRPYASYAdz 1 | DgstNtd) miej&e Rafdalely A t RT &
oddalone od zamocowania 2 CAREAS 4 geyAaldz 2R1a&T GF00SZ ©2
mniejszej gizdo 2 ¥ D& S NR Izgihaay (RyS &232), Maksymalne h LINY d Sy A T NBRdz]

von Misesa w tym miejscu wynosi 876,46Pa. Na Rys.823 wA R2 Ol y I  2Said N
LINI SYAS&T O1 SZ LRYAtRI @& angdideRmuedtipd &We) strdni8 a 206N

bardziejodkb G I BOF AAt LINBYASYA262 swilWkGl I 40A YA RRT &
G6ASE121 OAL YA 28540 waikickdosnZedRYSBsAENR Y A2 65 N

jesticiskanys A GNBYyt 2&A SANFWRYt | LIN] ROxzmESE 2 At 140 8
po stronieprawej,3 R& 0 | 2y aiGNXzl 02l 2Said ¢ Gey YAS2aldz Yy

1253.9 Max
1120
085,96
851.97
717,98
583.99
450
358.33
266,66
174,98
B3.311
-8.361
-100.03
-191.71
-283.38 Min

Rys8.22. Lokalizacjanaksymalnegy I LINY 0 Sy Al 30546y S32 Ril NRI ¢

0 przekroju trapezu.
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Rys823® b I LINY 0 SwadelvorNlisé&@ Rl I ¢ ANDT YAl T (1201ASY 2
2 LT 2aGlF 080K SO8XSyNEIOKA N 2 ywa &RufrR2 Ty22a3i | PR @G
(Tab.8.7)x AREBNIL 2T OA LINILENY OBBIO@ SiZot Ad02ySd WSRyey
FaLS1dse GS32 NBIGANI YAl o06e02 YAS2al0S 1 YvYz2O0:
LINI @ LI R1dz 12y OSy i NIyOeS zaEaANYSHE o661 BILR RO py
YAD ¢ LR1T2ai0l 080K NRBI gANDT YAl OK®

W celuzmniejszenidl 2 Y OSy (i NI O 2LANRYYFALSNGADS Z 2 { ND3IE Sy Al 2
TYASYyAz2y2 l1alldwoard2apPl YRyDENDRDOE2A yI LINY d0SZ

2LA&aeglyS3z2 1 GN NxoyAONI oS ¢ prawe dwukidtdied LI R dz
YADATAN o6 I MByPORNHzZAA S2 &GNRBYAS o yRIBWodatv@ R & i N
GNJF OA 12yGF{1G 1T L2 éASNI OKy Apdwiezahrd, 2coismtkuje LINJ S

TYyaSa2al SyaASy (I NOAL® 2 geyAldz (S32 Rd2
stycznymaje®yS YA S2a0S &l 0SS o6alLRAylr0o adlesS aat (f
GFNI2T6 yFELNYOSZ T NBRdzZ1 26 yeOK -8 iRR &a OK2 6} ddzy
MPa 02 ¢ LRNERBYPRDPA&YKSY 1T 1201AS8SY 2 499001 N2 2 dz
iSad TyLFLOlyAaS geoval

[T

T 10
=
R

0.013156 Min

Rys824d bl LINY 8 Sy Al NMidu&daepd #IANS | FRY NDAP2FL ASY
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Rys8.25. Lokalizacjanaksymalnycly I LINY 8 SZ 3056y e OK Rfl NRBT sADI I

LINEgl RIT2y@Y Nbogy2tS3ItS R2 2ai (dzND
ProblemyLl2 2+ 6 A 2N0OS &aAt ¢ 212t A0F0OK &aLlRAye o0nOI
L2 6 ASNI OKY AN GF NODALF YWipowedesd innégd ¥lémen t6SA WIDYWIIOSEAR o
anail Rdz2nNOS 1S az2o0nNn O2LN Gy ¥d»S! a2t YRPANI BABL S
ZdINB L2y 26| y 2 NRET g6ANRT IyAS 1 1201A8SY LINBSGI RI
P21 6@tbnicdnacznid YY A S241 &6 sponiegad . Ryprlead NBA G y I LINY o
w innych miejscach W wyniku tak.lJNJ & 28 t(iSYa®y (idz 6 A NonNOS3I2 6ASyASO
pomiA t RT & LamdiadaMSa i RUzZBNAGE 6K o yRIO¥YHI NREADI 2R2
L2 6 AYASVN 208PPBA 020 6At O 4 a Hafdakgwym prablerhemn 2 6| y |
adlve arat YAS2a0l 12yOSyidNIO2iA yILNYOS®Z dz g@:

do drugiej. NaRys.825 Y20yl T I dzosld&d6 4 NI2T OA WWPRaA_YIl Y
coY2 a9 2 ¢ 2 R2tsllged t Yy RI 0 | &
.1 dz2nd yi R2G2O0OKOTIa2680K R21 6AFROT SyAal OK

St AL & Ol yetyzaldsNG NYing AL Rz N | LIZ2ANE § NI yYOKS A tJ2 &
LINE YASYA LINI S21 OA 6 2Ro przeprawadzdnia ®  AiddheS/@Mehe dz G NI
21T 102 aAats 9SS YAY2 T lLadGz2az2s6lyAil AwySapdzl afl
4 A tddostatniejil  NRB T ¢ 0 I yi &G K N 22WEBBANIND 2244 (a- FOF R FGOLINE 6 | R
nieznaczna zmianak2 US| StAaLiediye LRGNI(lG26Fy2 2112

02 L) (102 62582 A YAVMRB O O8Yei2T 421 AYA yIFLNYOSYyAl
Y2y il ddz 2Said Tyl O yAS &ANRE T i ¥ GincjiowykadiaaidOBR 6 i |
Jak pokazujeRys. 826 A Y I fidNE Ws8gzyTab. 87> | 2y a i NHdzl 02l A LISOY .
ALINF 6 RTIFYS {INBOGSNRAI gediNTeYvYlFILo210A26Sd t22F 6Al
62R A0GNRBye gf 20 dzoNBYEA2NDZI LR A@OSW2 ITA20Mm 254

11t 66B2 NXIljestrelinacja® R dzd SI2S YNBEINAIAORA S&a1 O Sz L2 Y
anail Rdzznodevyar 1S az2o6n 0O2LIFG1lFYAD 2 (&Y LINJ e
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0,05mm promieniowo i 0,002mm osio®o ¢ {1 A LRTA2Y NsoyAiAde 2Rl A

akceptowalny.

54604
: -157.74
~143.06 Min -260.87 Min

Rys8.26. Lokalizacjanaksymalnycly  LINY 0 SZ 305 gy & g ol YyRIDdz Rf

eliptycznym zintegrowanym.

hOT @6AT OAS GF1lF (12yadNydn o2l GF1 &t vz 1
LINI SYASAT OT SYAINRPA| of EINYRESYRGis N&SI2 g OK2RI A Ol
1201F T O2LIFG1A &anNail Rdz2nodSze 2eyAail G2 1
elementani. W cell weryfikacji jak bardzo zmie@a@m At 68082 GH8YASYA2YS
aLI2NI DRI 2y2 R2RIG126N0D FyFftATt T dzol 3ttt RYASYAS
YYD wsOyAOl LRTA2Ydz YlIladYlfy@OK ylILNY¥dSZ 3I0:
0,5%,dlag 01+ StALIGeOl yS32 nzw:r | RElF t21FtATFO2A
aAt 6 Yl dLyeOK INBGSNALIFIOK® t2R20yl+ &eéidzd O:
LINIF SYASaT 01 Sz 1 devyz 0SS ¢ Gey LINJeLJl R{dz NsdYA

8.6.Analiza modalna
Y2t Sayey SOl LISY &LINI 6RTFYALF LRLNIgy21 OA 12y
analiza OT t & (RINBOAZ 4 OIORVMEAGRR GI VI GF NOT | a LBONKA B2 6

wymagania opisane w rozdzia3 Tab. 8.6. W wyniku tej analizy otrzymanevykres

interferencyjry (Rys. 8.27), Yy I mi WiRB O1 y& OK  gdalil? a ik Oa& RNA I
60FAay20OK 6 2RYASAASYAdz R2t 2BHB3Y A6 YOIA6 Sy a Y S X
zaznaczoegoy' I f AYAA gevYdzal SyAl geft A0l &aAt LINI ST |1
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przez LINY R1 21 0 @miebgBz&a2AdND IR ¢ [ NBRy A @e 1 gttIADd &2 0iz¢
kierowniczych Lokalizacja tego punkt@g I 3f t RSY LIASNB AT @ OK LAt OAdz
gasnychg a1 dz2SxT S yAS AalGyArsSesS 1 kieoidcdyhy A S 4@ Ydz

tka S00mm SP L-0 z integralnym kotkiem eliptycznym

14 16 18 20 y
NICA WEZLOWA

f1 f2 f3 f4 f5 linia wymuszenia lopatki kierownicze

Rys8.27. Wykres interferencyjny dla rozWi ia ¥ kokiem eliptycznym.

Jakprzedstawionow rozdziale8.3 Tab.8.6 linia wymuszenia ni€J2 ¢ A Y ypkzecinaha®d
LINI Ry nolLlzadltoeo RNBFZ LRyAdSa2 y I NBRyAOe 4t1 02
dz02 LI G 1 2 6| pi®rdsza FR NI & RNHBI Zjest gptieécana @iz linie
wymuszeniag L2 0of Addz n | NEBIiBsté @aznacabtiol Wb th@yS.38.27).
Nie jestto2Sal OT S LINJedieyn ReaiNBRedGlFO2A NRIT SANDT |
21l 2Sai 2RLIR26ASRI dzl OF Rdz 4dziiRely (1Pdns @A S G IN
postacizi | NBBWRAY Addt 1. 0248 YA

Po wykonaniu analizmodalnejdz0 2 LJ- (1 2 ¢ | lggGiat &l 2NGpieAdszeRorGpy 1
L2 adl OA RNEB I &0 2 @ik gy & I10KkE2  Of 16 NINIT & I NERYAON
AU ASNRI 2y2> oS Nd@otalngEh Rpokazghly LINE OR$sZ 8.28
wskazujenata 0SS YI 1 a&@ YLl f y Pujy 6LINE WOYSyAK o2 ukadddel | 02 O
L2 ROT a 20f A @RysB.26). 5flil (2D ¥@IOKZ 04 & NINGa&Shathe T OA 2 6
Tt21FtAT26LyS 0808 ¢ aiG2LI0S: ad Ses OAR LIBER YRS &
O2LI G1 A= lapi 6 28 MBAFTSENDG aR S2 3 NDzZIOd ADoK GA 2BNBI1S2 |

) OT 61 NI N I NBRYAO#® ySot lyGamd o SYAjragweaidt Lidz2n
YEGFENDOAL 6 212t A0 OK -OIZNE YiA $ y@A INBHAKSS S8 1 O AYHE 1 &GI8y
VI LINY 08 SZANIYSEISHEI RT A 6 FyFfATZ wykmHEIGE v 6B Y dz&I1AZ
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yASahGl 022y NyeOK 2R LINJ GADOGE & 8A 2 (i Ni 2dm¢niém OK  fizs 2
Y A S & e YiSehidlfrzed i €akzad stopniem

Rys828.w2 1 { O} R di pidritéteforBiygR NB | # NB RatAIGB2 6 S2 oMy T dy o0 |

2 geyYlalyil OK R2G& 0T nde OK FyFfAale@ Ol t &ai:
61 NHzyS1 R2 aLISOyASyoRlL® (1 2sRTSEBOAIW Rakfhg Rf I L
I NBRYAOIFI OK ¢6t1 02680K LRsAyye ITylaR2s6l06 airt o

12t S2ye Ok 1 TORBRIGK®I WNI SRall sA2y2 LE2NbsYyLFYyAS | ]
REF y2g2LINReS G20 ySe o2 LI (higdozviolonyniibkieSami | Y A =
Oftadz2iGtAaAs2]l OAd bl 2sea L2 Radl 6AS Y20V I adgAa
zakazanego zakregest ponownieLJ2 a i 6 RNAIF Z 15t O TOSAANIITINA NBRYS Or
kryterium.

Tab89.t 2Nl 6y YAS geyAissg lylLtAale Oltadt2GtArAse21]

| NBRYAOI 4t1 026 610

Parametr 1 2 3 4 5 6 7 8

Niedozwolone
Ol t a6 24{ 4753
[Hz]

94- 141- 188 235 282 329 376
106 159 212 265 318 371 424

d t & 2ci
dla Stopk| fl= fl= fl= fl= fl= f2= 2= 2=

?2]RSU‘15146,24 185,69| 187,3 | 187,83 | 191,15 | 397,54 | 417,55 | 431,02
Hz

2"6'1 t aS‘t‘OQkiL = | f1= | f1= | f1= | fi= | fo= | fe= | fo=
Pl 148 03| 175.58| 177.47| 179.2 | 181,65 | 389.43 | 411.98| 4275
palczaste[Hz]
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Rys829.t ASN¥aill 6F0X RNMHAI O60RNHHRI BORaysOK A
dz02 LI G126 yS32 GASZOlI GANYyA|126S32

topatka S00mm SP L-0 ze stopka palczasty kotkowang

3000

2800

2600

2400

2200

2000

1800

1600

1400

1200

1000

800

600

400

200 .

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 a4
SREDNICA WEZLOWA,

f1 f2 f3 f4 fs linia wymuszenia x fopatki kierownicze

Rys8.30. Wykres interferencyjny dla rozivi ia ¥ kokieneliptycznym, stopka palczasta
1201206 Yyl
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Rysunek 8.29 przedstawfaerwsze czterkolejnelLJ2 & G F OA R N@D Z LIg 0] A §18 0K
tarczyzn s MI A ON @t KBBY
¢H1nN aryn FyFfATt LINITSLNR2GB2 IR RY 2 ROIT I WAL
ZRys.830wynikex ®IST 211 Rf I L3 LINidiaSayryusz8ria2orzedifiairma A DT | y A |
Ol tadz2itAs2] O LIRERB 1 DI aNBHZEn OT NERZLEOA ¢ Bt OO
Podobnie jak diaJ2 LINI SRy A S$32 LININE SLIRR d24 Wi X S0k pef AT £ RN,
dzO2 LI (1 2 6 1ZyaB.@9sRlyNQ T &d 015t 3 NRGISNA2T OA26S an aLls

8.7. Analiz 1T Yt Ol SYyA24HCRA&|12081t20!

2 L yFEATAS yAa120¥1t288a2y St OF BN SNE & BNRANY A
minimumd NJ & Oeé 1t & Ny R ® 2 PEAREN | A OK RNaRyS8.3tiyl O2 6 | 6
20 OA NNBIywz OT & y I azZerdwychdR LINGT RNI2TT 80l jakNeR pizgpadkuw
GSYLISNI GdzZNBE A OATYASYAlLIT 2R g6l NI2T OA GSYLISNI

| dm@ Rrwych startowychprzygdowano gradienty wzrostu i spadku wymienionych
LI NI YSGNF 6 Rf(Rys83E RS RysOW)] { dz

215,

8- 175,
©
5 15
2
S s,
g
100,
5
A
50,
20.
Czas [s] 24120
215,
%, 175,
©
= 150,
-]
=
© 12
(O]
Q. 10
S
() 75.
'_
50,
20.
24120
Czas [s]

Rys 8.31. Gradientytemperaturydla cyklipracymodelly dz 335 NB dZRRR OG22 RF i | & X NJ
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E 0.
8 -50.
(ST
g
o) -150.
ks
O -200.
)E -250.
o
=
o 34
Czas [S] 24120
Rys8320 DNI} RA Sy (é Ipmdyfotel OA Rt O&1f A
0.624
E 0.5
>
= 04
2
% 0.3
=
’6 0.2
01
0.
24120
Czas [9]
Rys833d DN} RASy (& PacymbdeB.y Al RfF O&1¢fA
83837
750
625,
E 500.
E 375,

250,

142724
0. 4000, 2000 12000 16000 20000 24120
[s]

Rys834® Dbl LINY 0 Sy Al dNSREDRY | XB2D0OK Yl {1a&YltyS:
g1 NI 217 OA dzi NBgoyr ANZiy23 SOAOTYSINBAZYVF & v S

Rys.83L LINJ SRaGl sAl Rot s2INBasdy RflF O2LF GLA 7
temperatur Rf | (&8 OK RgsOK StSYSyilsgs 02 oopweel !l 1T

I2NDON irhiloNIRH ASSHFH BUHAD S 261 I3t t Rdz yI RdzdoN 202t i
YIEON LR26ASNI OKyd t 5 BRANNYy i DARBEBYASO 21 NBadz a
t NI @ dzol 3ttt RYASyAdz LINY R1 21 OA 20 NP R20yS\DSY28y I
LINY Rpladiodeid t 2 YAt RT & Oel1fl WRysB32zy NB2 k S4B al yI vy
YAS &ALI R R2 nod WSaG (2 &aLRs2R26FYyS LINF ON yI

—~ A

OAT yASYsA [ize Y] (LINNER LI R dz 2 RT ¢ ALSN\NNIOSALSURE @ 2an GRS 2A | LT Ny
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OAT YASYAL 28&0 yASNBCOKS Wi QNSNS 24 B R S 1LI2 OKE RS 41

LINE2S{ildz Rf I TNBIfAT2¢lyS3a2 2dzo LINB2S{ddz Y2RS
Na Rys. 834 LINJ SRailil g6A2y2 Yl 1adYltySs ¥SyANIfyS
zredukowanywon Misesag S 6 NI 0 A BysuBek teluwir fAt RY Al T I Nk gy 2 &A0T@

2 R aroe 2RI NPR]126S2 21 WA NI T ONY 0 ¥R lae YK
L22FgAl 2N aAiAt ylI StSYSYOAS of21dz2ndey 2arz2g¢2
NRT &T SNI Ftfy2T7 OA OASLX y85 20 ' YR 10AS Naif 20 sdge 1IeSa G 1 A =

1e9 Max
8.80509:8
T.7TTEe8
6.666728
5.5556e8
442158
3.3334e8
2,2223e8
1.1112e8
14242 Min

1ed Max
8.6801e8
7.7782e8
B.6673e8
5.5564e8
4.4455e8
3.3346e8
2.2237e8
1.1128e8
1.8941e5 Min

B et =

— rﬁ?:“"__::g"@ -
éﬂww T -

Rys8.36.Minimalnag | NIi21 6 Oe{ltA FylftAl & [/ C Rl
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(0}
(@)

Otrzymaneg I NIi 2 | OA dla/trzécINEyRiM/Rorzystano do oprogramowanilulFE.
Jest toprogram g Sgyt i NI yeé TFANXYEé D9 R2 gefAOl I yAl YAy
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9. Podsumowanie i wnioski
2 NBET LINY 6AS LN SRadlFsgArz2y2 YSizZRt LIN2 OS & dz

GANYAl26S2d t NI SRaldlgAaz2ytr T2aidrk0F LRGIENI Sot 2
RUOdz al @ OK yAd R?2 firdi®©®Ealkénkreindgd &2 durbii 33K#15. Zabieg

GERBIAl yASaAS 1S &az2on 12N el O0A ¢ LRaidl OAx 1
2 NRTLIN}6AS 2LIA&aly2 ¢ 2F1A &alLl2aso 21{NBIft2y2 Y

A A L2 RadGleAS 20fA01S8Z LINg SLiveg26e OK  dzR?2
zaprojektowa’ S LIJA 5 NB @80 énMniA2 apid /02 geLkRraloz2y.S 6 ol
{G2LNF T2adGdlroF TFLNR2S1G261 YI  6GE2atdkoMidKh dz R2 &

12yASOTyS o6&0lF 2S2 I RILORO®BE] RERIGR YES&Z BRI
innowacyjnym pog l f I 2n0eY dziNIeYlFIyAS AyadSaNrtyz21 OA
Y2y &G NHz O2F O2LI G1A 1T 2ail UldyndmcARBEING 1S4 6 vy £ Ad
0 & ¢ 2 (. Pplawydignionychanaliz przedstawiono opracowaneyteria, przygotowane dla

ostatniego stopri Y 2 R dzCrdmlnid bteymano no® O2 LJ ({1t R®$wdai n 2
2R R20G2OKOI han RYXBpdidaNiAse R2 GRNRBOSYAlI ¢
projektach modernizacyjnych dla turbin 13K215, 13K2BK210.

~

9.1.%F {1 NBa LINJ SLINPgI RT 2y e OK I RFZ A FyLlf37
PPRA6AS3 oFRFZ A FYFEATET 2F1AS T2aidloe T F LINJ
L2yAoall tAadly
f 5212yl y2 RINISAK
SP turbiny 13K215

(@]}

IRdZ Rz2adGt LYye@OK NRBIgANDIIFZ R

1 Opisano modernizacje przeprowadzanych na turbinach 13K215

 Sprawdzond $2 YS i NB O ykdrzystaniaR 0dzd a1 @ OK 02LI S &6

T hLINF 026l y2 12y0SLIO2t NZ Inawbpbojektavan&d 2 LI o6l {yAR | 0
500 mm y I LR2R&GI6AS R20G280KOTIa26@80K (FilF ¢t 2
TFOT SNLyAt GSa 1T € AGSNF (dzNE

T hLINF 0241 y2 YSGi2Rt LINJ &322 sdadINd SILIOEBR S B @K
20t A01 Sz aidl OBNSYSORXe OK aii2zadzeno

T WLNR g RI2y2 (1 2NBl1de 1aldloddz LINPFAEA 02LJ
I3SYySNBglySe LINI ST ad2LIASZ A LRRYASaAaASYAS ¢

f Dobt y2 YIFGSNRIOTe Rfl LI&ai Ol Sast yea.0OK 1 2YLRY S

T hLINIF 024l y2 GNI& gFNRIFy(Ge &aG2LIA 02LIG1268
02 (1268 0K 2 NI hiem®dGem@ofankdhuibilz23BZ18 R 2

T hLIN}I 0241 y2 AMWBRREYOBZFBRREGYRs.6ANYyA126S2

123/154



r GNUEag OIDEACT BNCA CDOUGCi NADPUA gDEATyi 11 GCi

hiNBTt2y2 {NBGSNALI A geYl3LyAl ek 1AS 02l
weryfikacji konstrukcji i dopuszczenia do produkcji
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na podstawie krzywyctozruchowych typowychla turbin 13K215.

9.2. Whnioski i uwagi
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