€

=Eees—

BEMRFREE MBI L —2EEIRARESR
20165F3A7H (AER)
MAEBERREERSERZT AL

*%*EZE%'O)“B NARFIEEEELE
REHEDFRF

£\ #%HE
MXEHEZ BEH-HSVATLEMBAR 42—
HRKE
R K
TRKFE

AAEDLEM: CO B EHIREESR IEA)IZHITS
BHORATLDOBE

BHLRTLOEZSHNER EHNROOATINS | M

4801%t (100%)
{&t-C02

700

Eh
183{%1(38%)

600 620{5t

500

1] :3:3

H 400- 82{%t(17%)
®

O 300 B

“ 4500pm 1258t (26%)

200

Ex
SN 27018t

2.4
&) 92{Ft(19%)
140f&t -
0

2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

ergy Technology Perspectives 2008 ]IEA(2008-6-6)

E
AEOEREFRDEREFENCO2EH ;w%;ﬁ] ; boe BARSHERES B RHLBER Hro— |

2

AAEDOLES RERAEIJI—ELOFEDME

20.6JkkWh
0,

_ 40.0 59%
2
:é 35.0
=
z 30.0
2
:E .
= 25.0 steam turbines
2
& 20.0
=
£
g 15.0 "
)
g 10.0 ELEH
o0 . A R
z HI80HB D %&%;ﬂll
2 5.0
£
3
= 0.0

2007 2015 2020 2025 2030 2035 Year

L00OMWHEHLE  1700& 22005 29004

HADEENTEDNGEIETER[I—EVAHE-LTIVS,
= KRRI—EVOMERLEISRLERLRME

AMRDODLEN: REAKRBEEAKI—ECDEXSHTY

Mechanical Loss
LP Other Losses b'

LP Exhaust Loss

|
LP Wetness Loss
LP Inlet Loss
LP Leakage Loss

LP Blade Loss
\ | |

|
IP Other Losses
IP Exhaust Loss BEDKREVERAEL (ERER LD A KZ=LY) (X
IP Leakage Loss

|

0

TP Inlet Loss LP ({EE#R) B - K= EHP (B EH) B
IP Blade Loss

HP Other Losses
HP Exhaust Loss
HP Inlet Loss
HP Leakage L.oss
HP Blade Loss

J

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16

Relative Fractions of Each Loss




144

APEDRI—T

EEBNRR(ERBEETET)

EESER- RS T 71— (ERMEE~27EE) |

BY DB EF(ER6ER ~2745H8) |
RYVMGREAXBHETI—E> (1000MWHR) .

AEOT7IO—F

4 RBA FE - AT

EERAREDORT =B H A

= =
( SR 2 ST J

PERIL A R ICEIMEL TR R SABE MR 2 &R
SHAHIET, BITAEZR LSE, HaEm E (BREt &
#k) . RETEIREREER S,

FER2TEEMBRS AL —2ERBRFATOT S LGTE

BESH REAFRZERYT HEIMEZ
T—X RREERRRERBEN AV SRS —R
HREFOHRTEDRRE

BEY
1. KA-RFA-BROCBETRIAIILT—FKER
HRFDMERE ERUBREER L

2. REHERUBIERIZKSHCO2HE

FER2TEEMBR AL —FEXEBBRABATOISLHME
BN REGREZERTHEMAR
T—X RABEXRREERERTEAV S HEEI—REHE
ZNEREHEDRAK
B=
D TR26FEEMIKS 2L —FEEBBRABATOISLIR
KB EXEEERBERTERAV -SSR SR ESZ D%
FHEDREFR I ZHKEICHRE
Q@ SEEIEFICSIEHE., REFFHICNAT. EEEBEL
REUEBELVEREEUNEENET S ERICH TIHEDIETE
BICHEOFAREDR LEZBIET , KM KRES 2
L—2avERAWREHEZHEIL, b 2— R~ DE
HR1T9 %,




4

PARDZ /N L7y

JaszHyrBESE

£l #HE (e BHhe ATLEMMRERE2—)
HBREE

Hif Bt (FRERKRE JaqohrndsLtr4—)
TRYT S5 LR

LA & (RAEKRFEXPERE FHREFHER £&) CFD

BE X5 ((RRAY HELARHEHRE ABREEER HiR) FEA
TRT S5 LB Bl - St EHEAT

Bx 2 (ERAZE FEEAREEHRE ARRRFEER)

i 8  (RERXF FEEfRAEFER AMREPER REMES)

HiE Mt (FRXZE PaqvrFndsLtr5—-)

BE #F (FRERXFE SaqobindsLtrs—-)

M ERE (REATHA—2a0 P RTLRX)
ETEEHRGE. BHERT. HERRLEARBEROLER. BROFMEEE.
SR~ DR

HE ¥t (FRERXFE SaqorindsLtr4-)

BE #g—. 53 K=. X5 @, MFE RBE BN K@,

F5E Hh.BH0 XM EHNE (RE BAMEIATLRBRELVS—)
T/ RAMLE, S EERESBRROLR

HA ML Bl AX (FRERXE JaqorinisLatrs—)

Ik ElE (REA 74423V RT LX)

MRERNRETDERI—EVEEERO—2LEFE

ENE 3D DTE

o COD TR . BB A5 DSl
CORERIT > 2EEE CORE

10

BRI — R EMERGUEDORRE JRFEHTOER

Acrodynamic Design Layout design Mechanical Design

1D design Definition of Structure
Through flow design basig‘ . Analysis
specifications Heat stress and
Profile data base

Test data base

L strain analysis
reliminary Rotor-dynamic
Design Analysis
Detail Design ‘
of Nozzle. Detail FEA
Bucket. Rot(ﬁ Vibration Stress Analysis

Wheel Box Tests
Element Mechanical Tests

CFD design and analysis
2D blade steady, unsteady,
stage. stage unsteady

3D blade steady. unsteady.
stage, stage unsteady

3D steady and unsteady of | | Casing
Inlet, outlet, exhaust hoods

Steam tunnel tests
Element aero tests

EARE - LAT7 I RERET - BERET O ERMAHE R/ O
L TERRTIIREEEHRE (RAFEERTESD)

11

SRS —REMEREIEDRR MRTO XM
Aerodynamic Analysis Mechanical Analysis
—— - Steady FEA with

_ centrifugal force

t il CFD mesh™|y__| Geometry generation of
: generation h deformed blade in operation
H I l— T PEIAPN
Unsteady 3D CFD O
of L-0 stator and rotating blades

Interpolation of tractions Detail FEA vibration
on blade surfaces Stress Analysis
Damping evaluation

[ Model steam tur‘t:!;tests |
EAEE - LAT IR - BERTT O T ERTEMTT —4
LB GRITAE) THES1—ILERFE. ETILE—EL,
ERB ORI T —FELREER

12




9¢

RIEBRFHREEDEDFFEERNENAET

Sliding mesh surface

Development view of the stator
and rotor blade grids on the 50%
height plane

Computational grids on the
stator an rotor blades of the last
stage

232x91x97=2,047,864 ( 2million)

Two nozzle flow paths and three
rotor blade paths (8million grads)

all around calculation 13

HIEERHBHBEI DEEERNENERD BEAREH

Vxyz

40

35

30

25

20

15

FHREFHECHEMRREEEI 27—

HEREHRIFEEERNAVLITRFBERRSH

1.08
——1L-0 exit hub

1.06 E-0-exit tip
) r---L-0 exit average
= 1.04 ] _\ |
=
= L N -
E‘.’ 1.02 \\v, AN //, ~
2 . N
£i00 e / "
2 N N P RS ‘/
=098 N T )

0.96 B /\V/

N/
0.94

o] 45 90 135 180 225 270 315 360
Circumferential location degrees

EREBELA B[ T 72— —AD) ICTHEITERES MEHE
AE (FRUFRER) ZANT, THFER/IMEME(ERR) E&X
EfHE (BRR) D27 —A TR ERMREDEZ 5 s

RIS ERFFENE S SR E B MATIER  BREIMachB 5

1=000011605s  Absolute Mach Numbe | = 1.09956

Absolute Mach Numbe

THRpERDMEME(ER) ETRFERAXAE I (AR)
REAOECCTHERBERRIBRETIE

16




LT

S0%mSHTHEIICH ITHBEREMAFEDFHELEIL

Axial coordinate relative

TRFERDUEMNE (ER) ETRFBERKUE ML (BR) T
RIS MICEAHLIN. EEEADZEX DTN ENT DD,

17

6
2 + rigid connected blades measured
0.9 ——TimeStep 1 0.9 ——TimeStepl 2 3 ’0’ M1t 1 4
Step ’ = * mloose connected blades measured
+ 0.8 — : —TimeStep2 o, (.8 —TimeStep2 [77] o
207 TmeSteps g2 ) 5 S TimeStep3 = - A calculated from the current results
k-] ——TimeStep4 -\j\ \\ ——TimeStept c4 o
206 ﬁ | —Tmesters £ 0.6 % \ — TimeStepS € P XS
205 N \ | T TmeSteps 2 o R \ ——TimeSteps ] : *
2 o4 Jn| _z““e:epé z || —Timestar = 3 K .
o N \/ | —TimeStep g 0.4 y | —Timesies =g $ P
£03 I Nt [| - TmeStepo & 3 ~ I Timesteps < > b4 . ¢
o —TimeStep10 g T ¢ 2 * * z + .
02 ——TimeStep 11 § 0.2 — TimeStepl1 ﬁ P * l *
3z ———TimeStep 12 = *
153 Pl v .
0.1 0.1 ~——TimeStep12 (3
1
~ TmeStep13 ——TimeStepl 3 5 [ | L l +
0 ———TimeStep 14 0 s < " Z. *
- o ¢
0 0.10203040.50607080.9 1 ~— Tmestep1s 0 010203040506070809 1 o7 0 ne &
Axial coordinate relative
0 50 100 150 200

Vax [mv/s]

K

ABRAETIIVEEZER S —ETEHAILIKERT
RELZET

250

18

EEMBMEFEERRBROB . BHEST

FRITASFARIE R92fBR  MESM 50%ESHE

RN ARG R B

it

R ERFFENEIN 2 EIE

.-', .
- f_/.ﬂ'_’,"’rf’.//

-

-

20




8¢C

RIKBITHAEERITA~ADT—2Z(TELAE
BEEEORB AR LR ERERITHET S LI
MIEL THEERATIZE T
wharsrgs: P,=T .. 1. \
SST. M, [FREBARIMIL ‘P“
T, &BATovN, T.=—»p 5ik Ty

D isE. T EEssaTovL
BARGILES P, £ ROIBERTRISBLE
VEORBETEEORARIMAERNE

EREBTFREBERTRAFEERE ln ETHE,

\ \
e \, N\ 7
\ \
\ X
SN
\, Vi \
\ .
\ g
N 7
\ g
. e
.
3i \..-
RAN
g
-
— BT

1
= 1 L, &
Pi — [Zl_j I_ BiERT

T/, ’ = Fortran profram “cfdtofea”Z{E & ‘

21

MBI FT —REBERFT 4

CFD to FEA data transformation: mesh geometry
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CFD to FEA data transformation: static pressure
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Time histories of the acceleration components at Node #200609
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