PR W B B
JWEW-Wﬂ)

FAR IR A TR

T - Hﬁ &)

i!t[,‘ﬁ&%g“ \szﬁq Hi_/g\kmfmuﬂg
ITE B
H s ] 100#8FJ11E'E—*8F—J24E'
i&f,E'ﬁFJ 100 F 10 *] 14 f!



LIIDI%FI%}%W

.[ES“I%F I [| %?‘i[nﬁrr 7&&‘7{}_[‘ F‘g J@TEJ’WJU

S - I—
(2 MF)F T TN R R B g2l
Bﬁﬁﬁéﬁ: B HEA f‘,ﬁ%’*}@ fil
HIIE&I?}';EH“ D:%:%—? D"*]‘ D;mJu mgr?[ '
N (IS ~ BIEEE ;-,Jj%iFH

LB 2 100 # 8 F) 11 FI= 100 & 8 F] 24 ! ﬁéf T 0100 F 10 F] 14 B

CI1 M B
(I Chy SRS R 50~ R )

B[RS SV B

D4[ﬁ%ﬂﬁﬁ

S e = il

[bﬁi%%%%ﬁ?ﬁ

(1752 FRupSR ey

ISR > P < OO PRV g 09t S g () e 94
E%W'g~D[ﬁ¢ﬁ%%%ﬁ IR PR B 2
ATy DO % S0 (AT TSR 7 2 05t

I LI G DR IR
B R 2 e (o) ST A
i+ i Mﬁ%%m%

Bl O

i (108 Pos R Gl =0

Fl
]

) ﬁ%%F@ﬁWPEﬁW$m?P IH o S AR R AR S

T R R o ] 7@@wWLﬁF@wW%p:fﬁwmﬁaﬂw%ﬁ“ﬁw

B BB SRR -

% ﬁﬁ@ = P W

T ﬂ NN SN EH SR &

A CEw ER flARE=D)

QP-08-00 F06




P T S B
B £ S IR ) T kA
FIBe 40 AP : DR
(I R s - TG 7 WD RN /2366768
LB £ R ﬁkfﬁ/@ﬁﬂr/?&&%ﬂ/w
A £ V] 2 il (PR RS AR (02) 80782277
B ¢ 1 B3R02 255003 Probd4 ges B p
UBSIIRT 0 100 £ 8 F] 11 F1Z 8 F| 24 | BT [
BEF1 01007 10 7 14
53 MR/
Fﬁ%ﬂ Evis]153 P (thermal stress analysis)- &% 4 (gas turbine
blade) ~ it (remote control)
PJ}%‘TF%JF&I P CRES P
- p 4‘f’ﬁﬂrf«?—3i”}—”§ﬁdﬁj &@é”r‘%}m%b%%j;ﬂi Hr‘@’f[kﬁ‘ﬁ U
=X aﬁ g@&%niﬂéﬂ s EJ ,z&?l SRR ) A7 rifﬁi?' "
S pef Jr} A TR LEE IR R JRERLES - i - | &

T i et by - e PR T
o

SRR L IS R A R TE'F”%L’V S g
ST o RIS (RS o AR E EJri ;4~7 - B 55 e e e
B> el HLH A Ay (ﬁ:‘[;ﬁlﬁi REAELEE ST A7 %I/ 2 A I IE[ ‘,F(ﬁﬂ:g@”ﬁiHFu
JoEE L > B pU Y Eu IEB“ |& - % i}ﬁ S Rl R
RS 3 TR BEC T

e F SRS E = L‘E@"i@f,g}?ﬁ[ﬁ (http://open. nat. gov. tw/reportwork )



L;'B«'%ngéﬁﬁ}

B IF[ﬂL’Eﬂ%[
0152 S I
TYEH R 1
-1~ B 1
-2~ B Y 1
-3~ HB SR 1
SYEE ‘Ef'.’*?f?[“J”’Fk' ....................................... 2
2-1-~ %&%fp:ﬁiﬁ@%%ﬁ% ............................. 2
2-2~ 7 E'J?ﬁ% R PR RIS I L 7
-3 MEHINSIRRE L 27
2-4 > AP DB A R RV 28
2-5 fd?(mﬁ% /f'?’? FefFpudsEaL 35
FYEE  SHEEEIACE 40



~ U '[g;}l;.ﬁlgll

A PR P S P SO BRI A Tl 5T AT AR ffra:fw;j
[ R T R £ - 1
FIRLEA) * F153 A SRR > 2t i R (0 A
gL a"fiﬁﬁ&ﬂ PR Y+ ERRERERE 1 S -
PUIREEIEOHRT L o T RIPVROO e Y AR -

1-2 ~ R 1Y

SRS TPV R I R T R
DR AR ilﬁl*&kﬁr'lﬂ}% BRI ’;—":@FL E] %
RS ) AT AR Rl SRR T e TR T4
Eﬁ Vs I AR A o5 S Y SRR O e =

1-3 ~ il =7

8/11 AR il
8/12~23 WS R E‘Hgﬂvﬁ e ? J%JE&%”’%J giks
IR

8/24 it~ =



WA
21 SR IR Pt
R R IR - 5
AT [ SRR 4 S s B e SREESRIEL NG
&E FI IEIIEI )E‘&FIJ%“J[}EJ %I&#E}J%dl‘nﬁjﬂlﬁg&jﬂ@ ’ [:—Kllj Iﬁ[éﬁ %&K@éﬁ%
SRS TR B R B T s o FIPIH R S

>E'1T

THL]EU? ‘ﬁ&“é‘ﬁr 7&*“‘5@ IEL{
Fuel e
Air
1 4
Generator = i 4 =
omn b | |
g 2 % A Boiler
Gas turbine
Generator —
== 1 | —
==y Condenser
Steam turbine :j
Seawater _" Seawater
—

A1 1~ SRR I PP Pl

H PR 2 0 1 TRRIERL = RS A BT ~ ORI - Pt
ﬁwﬁﬁ%@m%lﬁfwﬁm%ﬁ%MWWﬁﬂw
[ PR P A ISR 2 o [y oA R T AR
FST R A 2 pHil 3 1 OB R PR A1y CO PRTRIE
[t ] S TR (50 ) 2 BRI R A e

izi



Efficiency of the plant (HHV, %)

CO: emissions (kg/kWh)

60 -

50 | ./.._”.
40 |-
30 -
20 |- . .
—a—: Combined cycle power plant
10 L —e—: Conventional thermal power plant
0 | | \ | \ \ |

1940 1950 1960 1970 1980 1990 2000 2010

Year

[ 2 ~ SR B e e

0.8 -
0.75 . ====:Conventional thermal power plant
0.70 |- '-‘ === Combined cycle power plant

0.65 -
0.6 |
055 i ."-------.------

05 R
0.45 - o

0.4 | )
0.35 |-

0.3 | | | | \ \ |
1940 1950 1960 1970 1980 1990 2000 2010

Year

3 ~ 50 H PRI o R O I %

L 3




é;dﬁjﬁ%pﬁ%lﬁi?ﬁ IRy = *jﬁﬁﬁ? DESHEES ~ S “J%E'b?[nﬁ%ujﬁ&*
A 4 = SR PN R e e ) W‘“‘@%ﬁiﬁ 3 ?‘}BJJ
ETIE o {4 FH(‘ £ IENGES e R TRk e l'”jlf'ﬁ @
[ HR A AR e ] ARl ] PSS oS TRy
ESIERR UL E&*F” fﬁ“ [ R PRV PNIE RS 5 E‘?E' °

Turbine ! subishi Gas Turbine Standard Output: |
High temperature and high pressure gases turn the impeller. : : I E
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Next Generatio,

- Market Le:

M501] Rotor

IR fIJ]%J%‘?[nJ%J}E{&‘

"1" Target : C/C efficiency : > 61% (M5011:460MW)

» High Pressure Raito Compressor Experience from G Engine (23:1)
» Steam Cooled Combustor Experience from G Engine

» Turbine Technologies from National Project

S R

Prnven G Combustnr
- Well experienced ULN combustor

- Steam cooled liner

. > g Proven G Turbine
Valldated G Com ressor o + National Project technologies
- 23:1 pressure ra‘go - Advanced TBC + Cooling
- 3D profile - High efficient aerodynamic technology
- Improved inlet duct |_- Cooled row4 blade
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Field Experiences from Design &
Commercial Operation Development

Operational Information, Aerodynamics,
Maintainability, Cooling, Metallurgy,
Operability, Stress, Strength,
Durability Element Verification

In-house Long-Term Manufacturing with

=’

Verification Quality
?)/I;é?;%iillliigﬂity’ Manufacturability,
billity Repairabilit

Durability eparrability
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Multi-cristall
Directionally solidified

Increased creep strength, i.e. higher temperatures

_—eEee
10 + P17 & 5 PSR SRR M SRR

o IR 2 O = TR R PO o R AR e
‘ﬁ&ﬁ e PERSRA TL | REORER T - 1L T
LR SR PR AR SR A Cimpingement cooling)
RS Al (film cooling) ~ IS4l (convection cooling) ~ B
‘{ﬁ&ﬁ (effusion cooling) 7 [l 12 PNy o FIyol el 508 A 1)

SIS VAT > SRS ] 1 WIS - SRR

4_



Convection Convection
cooling cooling

" Film cooling Film cooling

Impingement

cooling &
ow

Effusion cooling

Impingement g;’:l\i':mio" Quter porous
cooling 9 layer

Detail of effusion
cooling
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I:l L.P. cooling air - H.P. cooling air
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SINGLE PASS, SINGLE PASS, QUINTUPLE PASS,
INTERNAL COOLING MULTI-FEED MULTI-FEED
{1960's) INTERNAL COOLING INTERNAL COOLING
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11970's) FILM COOLING
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Attachmant Line

1. Leading edge pressure side vortex 5. Pressure side corner vortex

2. Leading edge suction side vortex 6. Pressure sida leading edge corner vortex
3. Passage vortex 7. Suction side leading edge corner vortex
4. Suction side corner vortices 8. Downward velocity componaent on pressure side
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0.03 (m) = 2
0.015 -

17 + S Ot AU )

1-D Channel
(Flowmaster)

G

3-D CFD
(ANSYS CFX)

v

v

3-D FEA
(ANSYS Mechanical)

Overview of the inferaction between the simulation
tools used to provide a virtual prototype of the gas
turbine blade.

18 ~ S )

A schematic of the two fluid (blue and red) and one
solid (gray) domain used to perform the analysis.
Boundary conditions are defined at locations indicated
with arrows. The green lines indicate generalized grid
interface connections. The inflow to the hot gas
domain from the cooling channels is described by
CFX Expression Language callbacks to 1) the flow out
of the plenum domain and 2} the heat transfer from
the solid domain to the cooling channels.

v IS AR AP ¢



SRS OB S AR Y ST T A [ 0 A
B3 AR BRI SR g i A ﬁﬁaﬂ 19 RLS ST
PO 73 > i 20 RLSBSSE A FORTSEL o 1 ] et T A R
%ﬁﬁwﬁw°

o Q05 0.01 {m}
00025 D07S

19~ SR o155 7

oo 0.0

[ 20 ~ SRR A oy El



TR O R AR E mlﬁjﬁi(ﬁ%ﬁﬁampuﬁ[ LT S0
ﬁéHi&z}jﬁfﬁ_pFﬁfﬁ e [ﬂ[Pﬂ;P FIJ[F“I upymﬁ Yl R @Ej/ﬁ
SR ﬁ?@@ﬁjﬁ@ [T 5
S el S AL (S SO A - R R i P T

D, :Z%,izl,...m

SO » 2R O R
:Z— i=1,.

SIS AL B R O R TR 5
D,=>'D, =123

DD:Zf,izl,...m

PPz 28 5p A FGEE =g v By o) 2 AW ERaE Dl e
AR FETVER S % T FIIORL) 3 R L i s
PRI 3 AR A € L 3 T Wﬁnw I

B = &g S R F PRI P TNEER S S
%%@w@%f %ﬁmﬂwﬁﬂ"%rﬁ@ﬁﬁ#W%ﬂﬁﬁﬁ

SR PN R R IR - R - (RS
| ER l—pjxﬂsjé”%}@

I PO BRI 21 T VAR 2 AR
PR R - S RS W%ﬁ%nw%$$%
ﬂ@m%%%ﬁ%%fﬁ@@bwmhj@mﬂ~ UBAGe.
[t A e E R T IFL,WW IR [EESAT mfhéﬁ’ﬁ fil
I Al DR SRR Tﬁf%ﬁﬁfﬁ*”ﬁ MIRLERERL Ay F g - P
1] FHREI 2 R T R R G Y N —



T%FKJIE@ 7 'F)JEJ[H??U%@:{%JH& F"jw@ B[+ ;Fﬂ{— 4 —ﬁ\—l\l’r%‘lzgj
FIRMBL PP SR A s ([ gt jlﬁl f{ it -

Safe Life (SL) Method

. =

Parameter Data
.| Usage .| Damage Projected
Spectrum | Accumulation Time to Retirement
4
No
Crack Crack Growth Projected
> s e O—p . — :
Baramelor tidia Detection Yes Estimate Time to Failure

Damage Tolerance (DT) Method
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Material [) Setina q se?l'?;t)i:)n q Seal groove d Cooling hole Finished
Receipt frame grinding machining machining Product

Electric dlscharge'machine Coating machine (APS)
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Material [) Shroud d Shroud d Seal groove q Cooling hole q

Finished
Receipt machining turning machining machining q

Product

; ; Electric Coating machine
S-axis processing s o =
machine discharge (APS)
machine
‘ £
| N
j— /i/
Turning machine Laser processing machine
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Gusset plate
Flange \-a.

%l \° ?— :)Z::}plale
Q# ’Qy . Inlet ring
- QY

;

Inlet support

Accessory parts
manufacturing and [}
fabrication

MT-Fin plate q Press d Laser welding for d
manufacturing

Finished
ﬂ Product

forming panel

Milling machine for MT-Fin s - - -
machining Press Forming machine ) Costing mschine (APE)
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Configuration of gas turbine combined-cycle
power generation plant

01;1?::}! Air-cooled
power <& power generator
330MW
Air-cooled g
power generator gtaam turbine Air-cooled
condenser
o
ﬁ%ﬂ 29 ~ T-point = EET"F% @'T%IPF%
Power generator (for gas turbine) Air-cooled condenser
(Kobe Machinery Works. Mitsubishi Electric Corp.) (Mihara Machinery Works, Mitsubishi Heavy Industries, Lid..)
This air-cooled power generator has the largest capacity This equipment condenses the steam used in the steam
(225MW) in Japan. It serves as a motor at the start of gas wrbine into water by cooling it with atmospheric air

turbine (thyristor starting system). instead of sea water, the cooling agent currently in use.

A 30 ~ T-point = MR AR P AT RER
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[f' 33 ~ T-point = EYFER[II S

The special measurement (more than 2,300) was conducted at T

Point as a final verification From Feb.2011

Matal tamp Vib. l_CuoIing air flow rate

— — Stress
Press dy ics
Ci.:mpressor | Stage temp & pre;l Casing temp Strut metal
inlet flow
Casing temp temp
o7 __ Stage temp ‘;\[/p‘éﬂ:_‘_‘-‘

Thrust force NOx,02,602,CO,

UHC,VOC
Particle. NO2 rate

[ Metal temp & vib stress | [Noise ]
[fi! 34 ~ T-point = ﬁ%’ﬁﬁdﬁﬂﬁ%@@?rﬂ EIGJE??EU%#T

[ Press dynamics
Surge monitoring stress




@ Location : 2-1-1 Shinhama, Arai-cho, Takasago. .Mam cquipmcm 3

Hyogo, 676-8686 Japan Items
@ Site area : Approximately 60,000 square meters | Gas “"bm‘ e o .
i . T el
@ Output power : Gas turbine (1 unit):  225MW oi':;m er W) 3":" e o =

Steam turbine (1 unit) : 105MW g T

EXhJH‘-[ hea it recovery h.dm g¢i 1‘|<.ramr

Total : 330MW Type s | Veruca] exhaust :md natural circulation
@ History of facility construction : it o wepseation (i "‘HI’ 70/8

. b ; { Steam turbine
November 1995 : Start of civil engineering and — — —————————

: Type Smg]e—c.i\!n;. / single-flow pressure mixed
construction work at site " Output power (MW) e === = e anaaaiey
June 1996 : Start of equipment installation Power gcne;ﬂ_‘li_u; o
January 1997 :  Start of commissioning . Type == Air~ CF“’!“’ horizontal-shaft ¢ c"‘"d‘"“l
i = . fi
June 1997 : Start of demonstration s = i‘g’i""ﬁi‘{l_'?_’c_lfi_‘“l“m ,,,,,,,, :
. " _ Capacity (MV o OV F - 5
@ Fuel : Natural gas (13A) “Main wansformer S
@®cC himney stack height : 59 meters Type | Forced-oil forced-air-cooled type

Capacity MVA) 360
Transmission voltage (kV) | 275

Exhaust gas dmxtn/u’

 Throughput ~ | Fulfiow
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(a) Ornginal (Old style) (b) Improved (Current style)
Figure : Combustor basket with (a) Plate Fin Cooling & (b) MT-Fin Cooling
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Figure : Comparison of Combustion Pressure Fluctuation level measured in actual engine
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Pressure {}

(a) Axial deformation (b) Axial creep deformation measurement

Figure :Row 3 Vane design improvement based on field experience
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(a) Original (Old style)  (b) Upgraded (Current style)
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