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Combustor section: Turbine section: Exhaust section:

Replacement of the following pats is required. Replacement of the following pats is required. the following modification of exhaust casing is required.
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P:Iot Nozzle

Toph;m Vuzzle
e | { AMain \nzzle

NAN PU Pilot Nozzle
Original | Main Nozzle

; Combustor Basket
/,’_. Transition Piece

Combusuon Swirler
C‘uuxbusliun Liucr

\”/ \, /
w\ il

}'ophar ‘Juzzle

\._

ot Combustion Swirler

Wi 8
P Combustion Liner

Main A: 3 nozzles
Main B: 5 nozzles

Tophat Nozzle
Fuel Gas

Tophat Nozzle

(Top hati
Main Nozzle

‘ % Fuel Gas ——L—g%
{} - EWMT/\;; P
: : //_ ) ;:le;gagb ”;:-( -l :

" Pilot Nozzle Flange _J

Fuel Nozzle

Pilot nozzle: Stabilize combustion
Main and Tophat nozzle: Reduce NOx emission

{Low flame temp. with uniform fuel/air mixture)
Combustion Swirler: Supply premixed fuel and air.
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The following modification and replacement are required for combustor upgrade.
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Fuel Gas

Tophat

PCV
Main Nozzle
(V-nozzle)
GT Fuel // [Combustor Basket|
Gas Heater
Damper
/iransmon Plece
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Air o et Fuel Air
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Conventional combustor nozzle Improved combustor nozzle
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Thermal energy
Exchange[ =" Inner liner
Acousticenergy | (Gas side

(Combustion pressure fluctuation)
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Enhanced air cooling compressor

45
L»‘""

Cooler E Cooling air
Combustor-.[ /

Generator

{

Compressor Turbihk
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H A= 2 T EAE SR PIIAI1T00T) » FIR SRR R S

NOx HERUE#E » By T /K NOx HERCEFEE - MHI $REX EGR H4if(Exhaust gas
Recirculation, EGR)(BI+F1) » 51 FAHER 2 ZAEISRIE A BERAR(XT 90°C )i
HAAIEY 34°C B R A MNP RS CIREAZEEENQ0C) - RBRBEIAR
ZEERD o BT NOx HERE K% Z S0 ppm™ » HEFATTRE S »
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# EGR 2 26.6%85E NOx HERLE KK EGR 0%NOx FE(EK 40% - thgt/EEE
PRBERHSEME NOX fH -

&7 : 1700°CEGR #i@ *”

— Inlet 07=210vol %(EGR=0.0%) |
—Inlet 05=19.6vol%(EGR=10.0%) |
—Inlet 07=17.0vol%(EGR=26.6%) Target
| — 50ppm
i E
f B i st i i i S 8 e g gl i e e e i i
| &8
S
§ NOx concentration '
i ks is reduced by 40% | :
| ® with 26.6% EGR in || 5
g | comparison to 0.0%]
11700°C |
| Gas temperature at combustor outlet (T1T) [°C]
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Turbine Inlet Temperature (°C)
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H'H MHUMHPS ¢ 1960 SERERRSA » EHFHE LR R 732°C IR B -
—RETEA ¢ Y 1989 FEHEH 1350°C I MSOIF &% 1997 4EHEH & 07852 A0y
1500°CHY M501G 5 MGAE 2004 FEA0A 1700°C HIBEIZRETE » il LT Ry
TR 2011 FEAE = h(Takasago) AR ER BB T Point AN 1600°C 4% M501J
(Bl+T) - FEE T M7*({FTE K S0Hz AUHLE - M**JAC RABREABZERAA
AU s —RRIRIn A S R TR  (F e L R E F e
LSRRI - LA ERASBERRE - REIESAEMHgEE
FE 41 MTO01F %51 63 701F1 £ 701F5 > 387 20 ERIH A E B27HE 15 4% »
TR =B 129 (B 1+ )\) -

FERARATSEZ S0IF - HIFRELTBIE R MSOIF3 » EHECLRE A 1400
T MERBEEM AR LB - £ M7+ 51 MS* 255 B3
(BT -

Verification Test of 1600+ °C 1301JAC |

‘Gas Turbine manufacturing 3_y 1
goo | Started (RMW171: Turbine ~ |~ ~ 5 _l30
Inlet Temp. 732 °C)

1600k, [Commercial Operation of 1600 °C M501J ] [t
B M501)  M701JAC
| Commarcial Operation of World First 1500 °C_M501G | K701
L M701F
1500 iLatest)
ficath P M5016
|Enﬁcat|an test of 1350 °C Msn?] NG
1400 - - TMT0TF MT01F
Commercial Operation of
First 125 °C C Class MF111 J—— (1998) {2010
1300 M501F
Commercial Operation of M701D f701F \
Ceombined Cycle Plant
World" First Premixed ] z Cormbined Cycle Eficiency
12001 | Cambustor Applied to 1150°C) o [Camsined Cyels Efiency |
i, [ Verification Test of 701D .
=
Mech. Drive %
2-shaft | i
1000 M7018 2
MW/-252 <
(ol |
o T
& IMWSMA : =
=

1700 °C Class
watim@q_ _ﬁr_uj ect |

Y | | | i | ] | 1 +
1960 1970 1980 1990 2000 2010 2020

Vi
ar
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~ National Project (1700°C)
Technology Development

» Combustor

* Turbine Aerodynamics

» Compressor Aerodynamics

1

» Advancad Cooling
- » Advanced TBC
> Materia!
; H Serles (1500°C) ___
High Pressure Ratio (25:1)
§ L 3
Latest M704F (1500°C) J Series{1600°C)
3 >H technology compressor {23:1)
» F Compressor ’
i % » Steam Coocled Combustor
i x G‘“crz""b“’"" - l + Advanced TBG and Cooling (Air) |
f sahlurhing ~ Improved Turbine Aerodvnamics
— G Series(1500°C) ——— >47,000 AOH
/:.i..mm.. = GAC (1500°C) ———
Q\Jf %)’“rr 2 .lc S tor
F Saries (1400°C) ~| G
M501F | ¢ G (1500°C)
M704F U;mwwmb
13,920,000 AOH L 4,025,000 AOH —
- . (16)
-+ /\ : MH/MHPS 14
M501F 60Hz : M501F3 60Hz
1930 2000
Shop test at MHI's - 6% increased
Takasago facifity comp inlet flow
- Remaining
upgrades same
as M701F3
- MI01F4 501
MIOIF 50Hz MT01F2 0Hz | MT0IF3 50Hz | L = BEUHZ WT0TF5 50rz
1992 l:> 1997 |:> 1998 [:> Pisiade basilion |:> 7014
- Same design ~ Turbine blade & Upgrade based on latest G experience
phitosophy as vane material and G experience (higher TIT than F3)
M501F , TBC - Advanced seal - Casting MGAZ2400
- Verified at MHI s ~ Advanced and cooling at transition outlet
Kanazawa Power cooling scheme Wide chord Row 4
Plant - Increased TIT biade
~ Optimized diffuser
T1T: turbine inlet temparature 6% increased comp
inlet flow

B+ F 2R
MS501F3 UPGRADE FZER i M701F4 Frué& iz - i M701F4 S+ R
A E A MSOUGE =) » BFME R AT 7 SR (D /SR 2 4 - ()
B LS AITLERST » (3)Jei EIREAY TBC &g » (WER EEREEL > )
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Combined Cycle Efficiency

EELAFLES] > OERERESE  MIKHESRIRTETER » —25HZ%R
B RS ZE BRI BRAEZE SR AR RSIAE 2 2 S8 N — R H AN
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F4 TECHNOLOGY
TRANSFER
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I
/
,

Turbine Inlet Temperature
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FUEL meemmmens FUEL S

~~ COMBUSTOR ~  COMBUSTOR
[ M501F3 | r._‘ - M501F3 Upgrade |

COOLING AIR

IR  @Enhanced Film Cooling @Advanced and Thickened
Film Cooling : Hole Arrangement 8¢ B

l Ell o
1= < B
-

@Wall Thickness

OPtimizatiorh
f

P b e o

B =4 : F3 FHR s hE

LS
R ERIEETT EE B & 4 Superalloy) - T A TIE 1 38
Fe(Nibase) ~ S5EE(Co-base) » HEAASEI IR BSR4 » (2

RABIGH R B RERAGEE + PR RS JT = th A A
(Conventionally Cast, CS) » $EFt k77 7 P4 5 &l (Directionally Solidified,
DS) » #7585 (Signal Crystal, SC) » FTAE G MR IRR 2 FAfT & 5T
(grain boundary)3&{ETTE ; ZAT SEEEFIRIEET 20tk - BLH 250 LA
AHER B (carbide) ® » BT MASEEFPRHZ IR T35 - —HrrUmEmiRE
YRR E e S B CHIME RS a1 =222 E1# LA MGA(Mitsubishi Gas
Turbine Ally, MGAYXZEIN_E B 1T4R5% - %0 MGA1400 Bz 2400 % » T3&
St BRI B F3 UPGRADE 14 7 #fds  Hoh X45 RyghEM L - 2
th MGA2400 & IN 939 HIEEHAR™ » MGA1400 R IN792 » 3
FEEROR =
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AR R 501F3 UPGRADE
S—AREIER MGA 1400+TBC MGA1400(DS)+A.TBC
B REER MGA 1400+TBC MGA 1400+A.TBC
E=ARENER MGA 1400 MGA 1400+A.TBC
FUUERENEER MGA 1400 MGA 1400
FIRAFER MGA 2400+TBC MGA 2400+TBC
EIRAFEER MGA 2400+TBC MGA 2400+TBC
E=IRAFER MGA 2400 MGA 2400
SEVOERAFEER X45 MGA 2400
F—EREIRER X45 MGA 2400
B IR RIER X45 MGA 2400

" L HTERUTAAIM A R

Alloy Ni Co Cr Mo W Al Ti Nb Ta
MGA 2400 |Balance| 19 19 s 6 19 37 1 14
MGA 1400 |Balance| 10 14 1.5 4.3 4 27 = 4.7

X-45 10 |Balance| 25 = 8 e — s —

R MEEETER"

U7 TR PR REE] Ry rT B B AR M 1 2 i =+ — =T I
800~1000°C R LS EIAGIEEE - TMIFMPUEE AR EZ4920T »
il L MGA 1400DSFE [E1XEH b B B s A s 28 77 T (P AMG A 1400CC ™ i B
MGA1400DS{sE FIFAMS501GERMS01F701 FAYFHR AR -
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500 |-

400 |-
o MGA1400CC
o 300 i
é MGA1400DS
o 200 |
73]
L
D

IN738LC
100k
{140MP3 5><104h)

23 24 25 26 27 28 29 30
LMP = (T °C+273) x (20+log 1) * 107

B =+ : MGA14007& &5z

EAMGA2400 (BB IPBE RS KA EEE —+=)
LR FEAMS0IGRYEFEE R |E

700 Ae=1% 800°C-400°C
w2 o o
- - MGA2400 E 900°C-400“C
... 5 )
% 300 - o | B50°C-400°C
a A T o
] Alloy-A c 1|
& \_’7\ ""._"
Alloy-B .\..
~
100 - \_,_._A_Y___w,_,_/
03 . 2'4 : 2'6 z 28 Alloy-A MGA2400
LMP = (T*C+273) x (20+log t) /1000 “N; ; Number of cycle to failure

Bl—+= : MGA2400588 74 8 (/2 ) B B 55 s G ) ™

By T 1 700°C 4B SUmlnt - MHPSH B2 58 7 B A (Single Crystal,
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