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Gas Turbine Electrical Power Generation
Additional Projected Installed Capacity % Market Share by Manufacturer (in Megawatts) 2018 - 2027
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OPRA Optimal Radial, 0.03%
Kawasaki Heavy Ind, 0.11%
GE Energy, 49.68% Bharat Heavy Elec, 0.17%
Saturn OJSC, 0.17%
~ Zorya, 0.28%
GE Qil & Gas, 0.32%
Manjing Turbine, 0.49%
Solar Turbines, 1.34%
— MHI, 2.48%
~ Ansaldo Energia, 5.41%
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Siemens, 26.13%
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APPLICATION = GENERATOR DRIVE

ISO Rated Pressure Turbine
Model Power Heat Rate Efficiency Ratio Exhaust Flow Speed EGT
MS5001 26,830 kW 12,687 kJ/kWh  28.4% 10.5:1 1252 kg/sec 5,094 rpm  483°C
MS5002E 31,100 kW 10,285 kJ/kWh  35.0% 17.0:1 102.0 kg/sec 5,714 rpm  511°C
APPLICATION = MECHANICAL LOAD DRIVE
MS5002C 38,005 shp 8,816 Btu/shp-hr 28.8% 8.8:1 2741 1b/sec 4,670 rpm 963°F
28,340 kW 12,470 kJ/kWh 123.4 kg/sec 517°C
MS5002D 43,690 shp 8,653 Btu/shp-hr 29.4% 10.8:1 311.7 Ib/sec 4,670 rpm 948°F
32,580 kW 12,239 kJ/kWh 141.4 kg/sec 509°C
MS5002E 42,913 shp 7,070 Btu/shp-hr 36.0% 17.0:1 2250 Ib/sec 5714 rpm 901°F
32,000 kW 10,000 kJ/kWh 102.0 kg/sec 483°C
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Air Flow Heat Rate

Firing (10° Ibs/hr/ Exhaust (LHV) Btw/ Efficiency %

Model Ship Dates kW (NEMA) ™ Temp (F/C) 10° ka/hr) Temp (F/C) kW-hr Btu/hr (LHV)
A 1957-61 10,750 1500/816 662/300 840/449 15,810 21.6
c 1961-64 10,750 1500/816 662/300 835/446 15,810 21.6
D 1961-63 10,750 1500/816 662/300 834/446 15,810 216
E 1963 11,500 1500/816 695/315 830/443 15,780 216
G 1963-64 12,000 1500/816 695/315 830/443 15,120 225
HJ 1964 12,500 1500/816 695/315 820/438 14,430 23.6
K 1965 12,500 1500/816 695/315 820/438 14,430 23.6
L 1966-67 14,000 1600/871 702/318 895/479 14,440 23.6
LA 1968-70 15,250 1650/899 709/322 930/499 14,190 24.1
M 1969-70 16,100 1700/927 716/325 965/518 14,050 243

kW (1S0) ™

R 1970-87 19,400 1720/938 767/348 955/513 13,260 258
R-NIT 1987- 20,500 1755/957 767/348 970/521 12,780 26.8
N 1970-72 24,600 1730/943 928/421 898/481 12,190 28.0
P 1972-78 24,600 1730/943 938/425 904/484 12,140 28.1
P 1978-86 23,350 1730/943 968/439 901/483 12,020 284
P-N/T 1987- 26,820 1765/963 981/445 905/485 11,860 28.7

(™ In early 1970s, Rating Standards Were Changed From NEMA (1000 f/300m Altitude and BOF/27C) to ISO (Sea Level and 59F/16C) Conditions.
To Convert From NEMA to ISO Rating for Approximate Comparison, Multiply NEMA Rating by 1.12. Includes 0/0 Inches H,0 Inlet/Exhaust

Pressure Drops. All Ratings Based on Natural Gas Fuel.
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Nominal Composition (%) Component
Ta| B | C| V/|cCo| Al| Ti|[Mo| W]  Fo|Co| Ni|Cr
Buckets
- 0.006 | 0.07 - - 3 3 4 - - 18.5 | BAL | 185  U500™
- 0.02 | 0.07 - - 425 | 3.35 53 - - 17 BAL 15 | Rene 77™ (U700™)
1.75 | 0.001 0.1 - 0.9 3.4 3.4 1.75 2.6 0.2 8.3 BAL 16 | IN-738™
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Nozzles

- | 001 05 - - - - - 8 1 BAL | 10 25 | X40™

- 0.01 | 0.25 - - - - - 8 1 BAL 10 25 | X45™

= 0.01 | 0.25 = = = = 3 7 1 BAL 10 29 | FSX-414

- - 0.2 - - - - - 25 | BAL | 20 20 21 | N-155™

1 0.008 | 0.1 - 0.8 1.2 2.3 - 2 - 19 BAL | 22.5 | GTD-222*
Combustors

= = 0.1 = = = = = = BAL = 13 23 | SS309

- 0.005| 0.07 - - - - 9 0.7 1.9 1.5 BAL 22 | Hastelloy-X™

- - 0.06 | - - 04 | 04 6 - 0.4 20 | BAL | 20 | Nimonic263™

- | 001 005 - - - - - 14 15 | BAL | 22 22 | HA-188™
Turbine Wheels

= 0.006 | 0.06 = 2.9 = = = = 37 = BAL 16 |IN-706™

- - 0.3 0.25 - - - 1.25 - BAL - 0.5 1 Cr-Mo-V

- 0.006 | 0.08 | 0.25 - 0.3 0.3 1.2 - BAL - 25 15 | A286™

- - 012 | 03 - - - 1.7 - BAL - 2.5 12 | M152™
Compressor Blades

= = 0.11 = = = = = = BAL = = 12 | AISI 403

- - 0.15 - 0.2 - - - - BAL - - 12 | AISI403+Cb

- = 0.03 = - - - 0.8 - BAL - 6.3 15.5 | GTD-450
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GAS TURBINE UPGRADES SELECTOR

Explore where our upgrades can take you. Select your turbine type and the benefits you're interested in learning more about.

FILTER BY TURBINE FILTER BY BENEFITS SEARCH BY KEYWORD

B [== 3 U s

Showing 10 Upgrades < o >

'}

Dry Low NOX (DLN} 1+ DLN Turndown Enhance Combustion Fuel
Combustion Solution Combustion Flexibility

Rotor-In Major Power Lifemax Flange-to-Flange T-Fire Solutions Advanced Extendor
Inspection Replacement

VI 9E (w98 s GE Colw (glpiuing W ,1 V-V JSUS

13 Jlasl okl BB 5 OF iy &0 8 5 il ol i 5 ol £15 515 e 23 ol il yin slos ool
il Lass OPFleX Jpus wiu i)l Jadyi 55 poue b)) & 5l jos g oy Sal3al o)) (piomen
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Power Lifemax"

T-fire®

Advanced gas path (AGP)
Flange-to-flange replacement
Dry Low NOx combustion*

Maintenance*


https://www.ge.com/power/services/gas-turbines/upgrades/dry-low-nox-dln-1-combustion-solution
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Power LifeMax

BENEFITS PRODUCT DETAILS

WHAT CAN UPGRADING DO FORYOU?

o The Advanced Gas Path delivers industry-leading upgrade
performance in output, while extending maintenance intervals up to
32,000 hours.

* OpFlex Advanced Controls Solutions position you to capture new
revenue streams, reduce operating costs, and maintain compliance.

« Aflange-to-flange replacement solution can deliver significant output
improvements and efficiency gains.

e Dry Low NOx combustion technology can broaden your operating

envelope while dramatically lowering gas turbine emissions. FIND OUT MORE

NEXT STEPS
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Advanced Gas Path (AGP) <& !
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v -1.5% CCHR

v' B/E, FA/B, 6C and H experience

(-1.7% SC HR)

v +3.8% CC MW (+3.6% SC MW)

v Cooling and sealing improvements

v Improved clearances
v" Advanced materials

v Balanced work split

v Higher exhaust energy

v Improved availability.. 32k

v Improved life.. 96k

v Fuels.. NG, LF, HFO

" 109E estimate at 1ISO, NG
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Cloth seal™™
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e 1/ Power & Performance J/ Povrel
L Jer & Performance // Power & Performi
fince // Power&Performance // Power

Larger tip shroud for
Increased sealing emclency

| sirouD |
Aadvanced materials Improved alloys Improved alioys
for improved durobility for gregter qurabilit for greater durabiiity
L singlet design Improved hook sealing Advanced materials enable
T lency for better efnciency higher firing temperature
N for Improved output

Refined aerodynamics and Advanced materials for Improved cooling technology for
better sedling for higher more durability and reduced higher operating temperatures
efficiency performance component stress and greater output

A] 38 yomno a8 iy (SUS,) 50 (my98 Sl pd Wl Sl V-V e JSS

Ao J56 )0 slge syl 4y jlo did iy S e 4 S5l o a8 aimd o Ll 8 iSu j0 ol owyp slaslds)l
Cogn 45 ool 4l ) GTD-262 & ¥ dloyo Jjb i wuibon ¥ o pe i 5 ¥ 5 ) slpe <530 sl ¥
w1 L olarlisy) s s jlo ] Jols )5S (slarli) 0 dalys yos S 5 S SIS ol LialS
o] 8,5 Aalgs Sygo bys jle wasl 4 8] 15 4 i 55 e 4 £l Y dls e <L (gl 4 00,5
sboslis)) aliio slis)| plo D90 Jlosl ¥ g ) Uolpe sloeS ada) 13 (139 ol 5 o5 ol (gl 515 )| 4l

Y¥



DOI: 10.30503/nripress.2020.327 P S5 Gmys s i Ol 99 Shes yes sl )| glas5Ld angs ol 4t (gu

Stagel Part _| Improvement | Benefit __

Nozzl Improved sealing Clearances
0zZI€  Advanced cooling Durability/Perf
1 Turbulators Durability/Perf
Bucket . .
Dovetail sealing Clearances
Shroud Abradable shroud Clearances
Nozzle Advanced cooling Durability and
GTD*262 Alloy performance
nd
2 Bucket Advanced Cooling Durability/Perf
UCKEL  Dovetail sealing Clearances
Shroud Abradable honeycomb Clearances
Nozzle 3D aero Performance
3rd Bucket 3D aero Performance

Shroud Abradable honeycomb Clearances

LU 55 e 8 iy (51 53 (w98 oglitio (g5 50 W5 )1 (GLT5e g puntd V-V JS6

‘

SINTEPS §25, Honeycomb
S35 Honeycomb SIBTEPS

S1B SS S2B Tip Shroud Cut tooth
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9E PIP 9EMax
Simple Cycle
Output (MW) 128 144
Efficiency 34.2% 36.9%
Heat Rate (BTU/kWh) 9972 9250
Firing Temp (°F) 2055 +64
Exhaust Flow (pps) 911 911
Exhaust Temp (°F) 1016 1009
Combined Cycle (109E)
Output (MW) 188 210
Efficiency 50.3% 53.6%
Heat Rate (BTU/kWh) 6786 6370
Delta Values
A SC Output (MW) 12.50%
A SC Heat Rate baseline -7.24%
A CC Output (MW) 11.70%
A CC Heat Rate -6.03%
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Pl High Efficiency
A"‘ Aerodynamics

Advanced
Radial Diffuser

New 4-Stage Gas
Turbine Rotor

Re-Engineered
Turbine Shell

‘ Serving installed fleet and new unit needs ‘

[M]9Emax Wi, cov gl VY€ UG

OE v yd G35 comysd 51 iyl =V-F-)-F

2nd-Stage Turbine 3rd-Stage Turbine
Wheel Assembly Wheel Assembly

1st-Stage Turbine
Wheel Assembly

Forward Turbine
Wheel Shaft

17 Stage Compressor
Wheel & Blade
Assembly

Aft Turbine
Wheel Shaft

B

(PG9171E) GE Frame 9E (57 5999, .V-Y0 JS
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Turbine Bucket -~ Shroud =

2nd-Stage
Turbine Bucket
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Turbine Bucket
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Cross Section
af a Cooling
Hole in Bucket

Cooling
Air Inlet
Holes

Cooling Holes

& Squealer
Section Suction Side
(Canvex)

Bucket Blade _ £ -

Pressure Side R

(Cancave) &
Platform
Bucket Shank \
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Exhaust Diffuser

Exhaust
Frame Airfoil
Strut

Lower Half Assembly
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Combined cycle efficiency %
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Gas turbine firing temperature °C
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Gas Single-Shaft

Turbine Simple Combined Combined

Output lc:?rcle Cycle C:sl,.'cle

(MW)* Efficiency* Qutput Efficiency™®

(MwW)*

7HA.01 290 42.0% 438 62.3%
JHA.02 384 42.5% 573 63.3%
9HA.01 446 43.1% 660 63.5%
9HA.02 557 44.0% 826 64.0%

*Net, ISO, Gas Turbine World [6]

A flow scale*
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Starting Motor‘J
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Upper Enclosure, Gas Turbine Upper Enclosure,
Compartment Righ

Underneath piping
support
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(G]
N 0.90
8 ~®—Evaporative Coolers On
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-@—Wet Compression
080 RH=60%
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] Up to May 2020 ) slie dwsuise &6 cloium <550 (555 slin s (5y5kd drwg ymo

1961 Technical partnership formed with Westinghouse Electric Corporation.

1963 A 730°C class MW-171, as the first MHPS' commercial gas turbine, comes into operation at
Asahi Glass Co., Ltd. in Chiba.

1976 Development of the 1,000°C class MW-701B is finished using independent technologies.

1984 The 1,150°C class MW-701D becomes the world's first gas turbine to incorporate a pre-
mixed combustor and unit comes into commercial operation as Unit 3 in the Higashi Niigata
Thermal Power Station of Tohoku Electric Power Co., Inc.

1986 Development of the 1,250°C class MF-111 is finished using independent technologies and
its first unit comes into commercial operation.
The technical partnership with Westinghouse Electric Corporation terminated.

1987 A large capacity BFG-fired MW-701D comes into commercial operation at JFE Steel
Corporation in Chiba.

1988 The first H-25 comes into commercial operation.
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1991

1992

1997

1999

2003

2004

2007

2010

2011
2013

2015

2016

The first H-15 (as a downscaled model of the H-25 Series) comes into commercial
operation.

A 1,350°C class M701F gas turbine comes into verification operation.

The world's first 1,500°C class M501G comes into verification operation.

An M701G comes into commercial operation in the combined cycle power plant as Unit 4 in
the Higashi Niigata Thermal Power Station of Tohoku Electric Power Co., Inc.

An M701F for residual oil-fired IGCC comes into commercial operation at JXTG Nippon
Oil & Energy Corporation at Negishi.

A 300 MW BFG-fired M701F comes into commercial operation in a combined cycle power
plant as Unit 5 of Kimitsu Cooperative Thermal Power Company, Inc.

An air-blown IGCC system comes into verification operation. The unit becomes Unit 10 at
the Nakoso Power Station of Joban Joint Power Co., Ltd. in 2013.

An M701G comes into commercial operation in a combined cycle power plant as Unit 1 at
the Kawasaki Thermal Power Station of TEPCO Fuel & Power, Inc.

A 1,400°C class M701F comes into commercial operation in a combined cycle power plant
as Unit 4 in the Sendai Power Station of Tohoku Electric Power Co., Inc.

An H-100, as the world's largest capacity two-shaft gas turbine, comes into commercial
operation.

The world's first 1,600°C class M501J comes into verification operation.

An M501J comes into commercial operation in a combined cycle power plant in the Himeji
No. 2 Power Station of the Kansai Electric Power Co., Inc.

An M701F incorporating J-Series technology comes into commercial operation in Unit 3 in
the Shin-Sendai Power Station of Tohoku Electric Power Co., Inc.

The J-Series commercial unit reaches a cumulative total operating time of 250,000 hours to
prove its high reliability.

A 1,600°C class 50-Hz M701J comes into commercial operation in Unit 2 at the Kawasaki
Power Station of TEPCO Fuel & Power, Inc.

Sloss 451, YAA+ ¢ VAV amd p> oS aib o MW-701D g MW-701B £ 95 5l )9S 13 39390 (sloiygp

Oms 9 <l sl )| F oS (ol 4l dnwgs sloayolis ) ookl L MT01D cloinyss (5yskid A+ ams blgl 5

o 55 ol Kl asyd Voo Jal38l ol Cglds o yiete a5 b &) dwguine bwg M7TO01DA assl, ()|
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[Verification Test of 1600+ °C M501JAC |

v
1600 |Cnmmercia\ Operation of 1600 °C M501J | M501JAC
B M501J  MT01JAC
|CummerC|a\ Operation of World First 1500 °C M501G | — M7y
M701F
. 1500 (Latest)
Q = - M501G
' [ Verification test of 1350 °C M501F | MT01G
g 1400 .
% [ [Commercial Operation of ?gg;r %%F
g First 126 °C C Class MF111 (2010)
2 300k M501F
g Commercial Operation of M701D M701F
[ Combined Cycle Plant _
© 1200~ et et MF-111 Combined Cycle Efficiency
= Combustor Applied to 1150°C)
g 60
R = i jon Ti M701B —
3 1100l |Venﬁcat|0r| est of 501D E'I,,
3 M701D =
= o,
[}
48.8 —50
1000 M701B §
=
T
0 r- NW501A 0 <,
3 £
Gas Turbine manufacturing |_ _31_y7 =777~
500 L| Started (MW171: Turbine —30
Inlet Temp. 732 °C) 1700 °C Class
National Project
I
1 | I | I | | ; t I | e
1960 1970 1980 1990 2000 2010 2020

Figure 1 Evolution of MHI/MHP’s Large frame gas turbine
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M701F - SC M701JAC

M701D - SC

19 17 15 Number of Stages Compressor
18 20 22 Number of Cans Combustor

Air Cooled Air Cooled Air Cooled Cooling Method
4 4 4 Number of Stages Turbine
1 1 1 Number of Rotors Rotor
Cold End Cold End Cold End Output Shaft
3,000 rpm 3,000 rpm 3,000 rpm Rated Speed

119x50x53m 143x58x6.1m  16.7x6.5x6.9m Approx.LxW xH Gas Turbine

550 ton Approx. Weight

415 ton

240 ton

M701D - SC M701F - SC M701JAC
(2018)- SC
50 Hz 50 Hz 50 Hz Frequency
144.09 MW 385 MW 448 MW ISO Base Rating
34.8 %LHV 41.9 %LHV 44.0 %LHV Efficiency

10,350 kJ/kWh 8,592 ki/kWh 8,182 ki/kWh LHV Heat Rate

8,144 Btu/kWh 7,755 Btu/kWh

9,810 Btu/kWh

[}

453 kg/s 748 kg/s 765 kg/s Exhaust Flow :;

999 Ib/s 1,650 Ib/s 1,687 lo/s =

542 °C 630 °C 663 °C Exhaust &
1,008 °F 1,167 °F 1,226 °F Temperature

Exhaust

25 ppm@15%02

30 ppm@15%02

25 ppm @15%02

10 ppm @15%02

25 ppm@15%02 NOx

9 ppm@15%02

¥y
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75 % 45 % 50 % Turn Down Load

9 MW/min 38 MW/min 53 MW/min Ramp Rate

30 minutes 30 minutes 30 minutes Starting Time

212.5 MW 566 MW 650 MW CC (1-1) ISO Base Rating

51.4 %LHV 62.0 %LHV 64.0 %LHV CC (1-1) Efficiency @

426.6 MW 1135 MW - CC (2-1) ISO Base Rating E
@

51.6 %LHV 62.2 %LHV - € (2-1) Efficiency .-g
o
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M301F 60Hz M501F3 B0Hz
1989 2000
Shop test at M |:> 6% creased
Takasago facility comp inlet flow
= Remaining
upgrades same
as M701F3
M701F 50Hz M701F2 50Hz M701F3 50Hz Mm;ﬁ: DSUHZ M701F5 50Hz
1992 [> 1997 |_> 1998 Upgrads based on E> UL
- Same design - Turbine blade & Upgrade based on latest G experience
philosophy as vane material and G experience (higher TIT than F3)
M301F ) TBC - Advanced seal - Casting MGA2400
= Verified at MHI's - Advanced and cooling at transition outlet
Kanazawa Power cooling scheme Wide chord Row 4
Plant - Increased TIT blade
- Optimized diffuser
TIT: turbine inlet temperature 6% increased comp
inlet flow

LIY] F oo 55 g8 JolST g V=YY JSCGS

O Latest M701F is based on the successful M701F
O Rfeatures the same structure and rotor bearing span
O Itincorporates technology vefilied in “GAC” and “J” engine

Combustor (GAC)

~ Same firing temp range as GAC
» Same Nozzle and Comb basket as GAC,

* Turbine (J)

1stand 2™ Stage
»M501J Re-staggered blades/vanes
(optimized cooling holes for LOWER

» Same inlet flow as F successfully verified at T Point gas temperature)
» Same flow pathas F ~ Air cooled transition piece without ~Advanced TBC and Film holes
Bypass Valve applied GAC and J

»Mid to Rear stage profile
improved (NACA65C => CDA)

J Turbine

DIY] bmgmino F oM 00365 0359 o203 SS9 N -YY JSS
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Compressor Combustor Turbine

* Advanced Airfoil * Steam Cooled Wall * Advanced FC/FC Cooling

— Air Flow Increase * Pre-Mixed Fuel Nozzle * DS Material

(High Mach Number) and Air-Bypass Valve +TBC
— Efficiency Increase * Full 3-D Airfoil
ce

/-[/ “

NACAS5C CDA MCA Pra-Mixed Fusl Nozzle e
L.M.P.

JYE]M501G b N-YY U
day o A3l (glogyolid a5yl s (6)ls VAR Jlo j3 39 350 B (sly 0dd wlide (gy5590 4 MT01G (y)e5
V=YD S5 g VY S5 3 a8 ab Yoo g Ve oY ol 3 sy 4 MB01GL s M701G2 sy 40 e
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Steam Cooled
Ultra LowNOXx
DLN Combustor
(Same as M501G1)

Row1&2 Advanced

Clearance Control
LR Ko .{': .
LIl nmm-.m:r "GW!

Improved Blade / Vane 4

Cooling & Aero Dynamic
(Same as M501G1)

HigherPressure Ratio Compressor

Figure 10 M701G2 Upgrade

[V EIMT701G2 45,1 .)€ S

Ultra-Low NOx DLN Combustor **
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Steam Cooled Ultra Low NOx
DLN Combustor

H Row1 Advanced

Improved Blade / Vane
Cooling & Aero Dynamics

Clearance Control

Figure 12 M501G1 Upgrade
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Serpentine Cooling (Turbulator) *
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| F-series I |G-series I
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*Advanced Film Cooling
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Figure 6 Large-scale flow analysis of internal Figure 7 Turbine exhaust diffuser test
flow of turbine exhaust diffuser equipment
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Figure 6. Si3D biading, as applied to the V84.2 and SGT5-2000€. Features include: optimised aerodynamics for
the four front turhine rows; optimised cooling of the four rows, with reduction of parasitic lesses; enhanced
coatings (Sicoat MCrAIY, TBC, internal aluminisation); and enhanced nickel based material. Benefits include:

wa ¥17)

life of stages 1 and 2; increased peaking
Riffle Seals in all rows |

capabilities (3x1500 starts)

= — Cooling air twottle v
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Seals, cooling air throttle ‘ i
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Figure 7. Main features of the Si3D upgrade as applied to the V84.2 and SGT5-2000E
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Figure 8. Hydraulic clearance optimisation (HCO0). From left to right: movement of rotor; modified bearing
for HCO upgrade of SGT5-2000E/V94.2; modified bearing for HCO upgrade of SGT5-4000F/V94.3A
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Gas Turbine MGT-30

(Power Generation)

Qutput (ISO) : 25.7 MW
Efficiency : 35%
Weight : 15 Tons

Overall Dimensions : 6.2 m>x24m =2.5m

Gas Turbine MGT-30MD

(Mechanical Drive)

Output (ISO) : 25.7 MW
Efficiency : 352%
Weight : 14 Tons

Overall Dimensions : 6.3 mx23mx23m
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Gas Turbine
MGT-40

Qutput (ISO) : 42,1 MW
Efficiency : 32.1%
Weight : 42 Tons

Overall Dimensions: 6.4m x 3.2m x 3.2m
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185 " ul
MAP2B (ultimate efficiency of the machine)
170 _ o
T ' MAPZA

166 = _ MAP2+

WJother service-based improvements

162 @ V94.2(5) including fuel flexibility
157 | @ V94.2(3)

o TUGA know-how

@ Full acquaintedness

_!_!_!—}

2012 2014 2016
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Product Name Terminology Year Powarﬁalijfpuf Efﬁtz:;:?cy
MGT-70(1) MAP2+ 2011 146 34.5
MGT-70(2) MAP2ZA 2013 170 34.6
MGT-70(3) MAP2B 2017 185 36.4
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Parameter

Current Value for MAP2+

Gross power output at Generator terminal at
base Load@ ISO condition and power factor
equal to 0.8

Inlet and outlet pressure loss= 0.0 mbar
Fuel= 100% CH4

166 MW

Fuel type

Natural Gas (100% CH4, LHV= 50035kJ/Kg)

Pressure ratio 118
Turbine Inlet Temp @ Base Load (ISO-2314) | 1075°C
Heat rate at Generator termuinal at base load 10432
Thermal efficiency at Generator terminal at 345 %

base load

235l 5 SlolSe +F g3l se Sl o Ae 4 VYD I Loy 5 sl MAP2+ ys)s5 asdly 55 )| MAP2A (y)55

ol pj Oygay oy (2los Slasuin Aol o (]38l lo)yd -

IYY] bgo MAP2A 4065 ,1.-3Y Joua

Expected performance characteristic at base load operation and ISO conditions
Inlet and outlet pressure loss= 0.0 mbar , Fuel= 100% CH4
Item Performance Characteristics Value

1 | Gross power output at Generator terminal 170 MW

2 | Thermal efficiency at Generator terminal 34.6 %

3 Turbine Inlet Temperature 1090 °C

Changed components respect to MAP2+

1 Turbine Blade 1

2 Turbine Blade 2

3 Turbine Vane 1

4 Turbine Vane 2

5 Inner Casing (Hot Gas Casing)

6 Mixing Chamber

7 Conveyer ring
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No. Parameters Unit Value
1 Gross Power OQutput* MW 185
2  Gross Efficiency® % 6.4
3  Gross Heat rate* (LHV] kdfkWh 9820
4  Shaft Speed rem 3000
& Turpine Inlet Temperature *C 1090
&  Bxhaust Gas Temperature b 344
7 Bidhaoust Mass How Rate kals J04
8 Mo. of Compressor Stages EA 14
?  Mo. of turbine stages EA 4
10 Pressure Ratio = 12
11 Type of Combustors - Silo type
12  MNOx Emissions ppmvd@15%02 29
13 CO Emissions pprmvd@ 1 3%02 10
14 Frequency Hz S0
15  Weight (Core Engine) tonne 186
1¢ Dimensions m 102x 39 x3.7

[Length=Width=Height)

* Mominal Power at 150 Conditicns.

sl 035 B VAR g 3 45 sl 005 1) Lo 8 15 Lanss MAP2B 1 alises (slai5 s

[YEIMAP2B Gilieo clodjyg -3 s

Compressor Journal-Thrust Bearing

Compressor 3D Blades & Vanes St.

P P X P X o
P P P P P Turbine Blades & Vanes St. 1 & 2
P X X X X Turbine Blades & Vanes St. 3 & 4
P P P Optional Optional Hot Gas Inner Casing Coating

Y
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P P P Optional Optional Mixing Chamber Coating
O LY Flame Tube Inserts and Plates
P P P :
Coating
o X Modification on Ignition Gas
P P P
System
P P P X X Exhaust Casing Insulation
P P X P X Air-Intake modification
conditional conditional Cooler Only Cooler Only X Generator cooler and Stator Wiring
P P P P P Control System Modification
X X X X X Supplementary Auxiliaries system

Lol ol J\a&l P sl oaiis JLo&\ X

el 25 Jo 25 & MAPZB 4 ol |y 63,Slae Syl

IYEIMAP2B 05 | 45 5 Shos @l ppu V=T o Jgia

Up to 50000 +0.6 MAP2B-T60
Up to 50000 - +0.9 +10 MAP2B-CT60
Up to 41000 +30 +0.8 +12.5 T90 — MAP2B
Up to 41000 +30 +1.1 +19 CT90 — MAP2B
Up to 41000 +30 +2 +21 MAP2B-Full
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Simple Cycle
Upgrading

Turbine Model Jmsig F9
Output (MW) "' 123

Heatrate 10,632
wiwh W

Efficiency 33.8%

6%

Exhaust temp. 543.5°C

Maintenance {\& 24000

Intervals (hr)

Capacity —==3

Annually (MWh) ®a=

Combined Cycle
Upgrading

Turbine Model il F9

Output MW) 4 347 401

Heatrate .
(kJ/KWh) ANV 8180 6816

Efficiency 44%

IFUNGTI50-1 (5515 comyo9 -I-£4 JSib
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#|COMPRESSED. AIR SYSTEM: :
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HVACSYSTEM %

Z[LIFTING DEVICES ; T
BUS DUCTS AND SWI 2.96%
EMERGENCY DIESEL GENERATOR SET AND D.C. SYSTEM 3.55% 2.986

_|ELECTRICAL MISCELLANEOUS EQUIPMENT 3.61% 3,036
STEEL STRUCTURES & CIVIL WORKS MATERIAL 2.50% 2,103
WORKSIIOPS & LABORATORIES 2.07% 1,741
VARIOUS MATERIALS & CONSUMABLES 1.90% 1.598
RAW MATERIALS & VARIOUS CONSUMABLES FOR LOCAL 3§ 2,019
MANUFACTURING
TOTAL ¥ 100% 84,105
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(D-a Firing Temperature Increase
(1-b Reliability Enhancement

<With Uprated Hot Parts>

@ Improved

Seal Technologies

*Brush Seal
*E-Seal

-Seal Plate
Rearrangement

® DLN Combustion System

<NOx Reduction>
Fuel

@ FGH (Fuel Gas Heating) |

- <Recovery of waste heat from

Turbine Cooling Air cooler> Generator
| & .
® ntake Filter || Gas Turbine
= [ Inlet Duct

) -l
Modification Remarks
Increased firing temperature + upgraded hot parts +
(1)-|Firing temperature upgraded low emission combustion system =
A |increase performance (power output, heat rate) and improved
reliability.
(1) -|Reliability Upgraded hot parts + upgraded low emission
B |Enhancement combustion system = Reliability improvement.

Advanced sealing technologies (i.e.. Brush seals, E-

Improved seal . L .
P seals) reduce leakage air loss significantly resulting in

)
= |technologies

performance (power output, heat rate) benefit.

Abradable coating on ring segments (facing rotating
blades) reduces hot gas leakage between blade tips and
stator significantly resulting in performance (power
output, heat rate) benefit.

3 |Abradable coating

\ Waste heat from the turbine cooling air cooler is utilized
— |FGH(Euel Gas o £
4) . to heat the fuel gas, resulting in a heat rate
Heating) system .
improvement.
MHI designed HEPA filter effectively removes dusts
from inlet air.Provides significant benefit on gas
turbine performance deterioration as compared to

conventional filters.

© |Air intake filter

Emissions are reduced significantly without

DLN (Dry Low NOX) |water/steam injection by multi-premixed combustion
combustion system system. In addition, cooling effectiveness is reinforced
with the MHI patented cooling scheme “MT-FIN.”

=
®
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Combustor Rowl1 Vane Row]1 Blade Row1 Ring segment

011° inal Original Original Original

.,b;&.mfj‘- e ‘Jﬁ Q""LII‘ ot ' @

1 --» -

Uprated combustion system Uprated Uprated Uprated
* "
el ma. §
=N v - ©r, ™
.~ o -, o —
P m{z;_ B o ? ’ .”\ L )' _ =
Improved NOx Emission Turl?lﬂator v

New cooling configuration New cooling configuration New cooling configuration New cooling configuration

Row?2 Vane Row?2 Blade Row3 Vane Row3 Blade

Original Original Original Original

Material: U-520

Uprated Uprated Uprated
M
H
j |
New cooling configuration New cooling configuration Material: IN738LC

XY it slod Ll 31 65 ) 5L 3,490 ColaMo! F-Y JSU5
(il €5 9 o) 2o s D50 9o (223 (hrsy BB ol onge sy O bty (sloaygld 5,0,
sl OF Gl (el st a0 Ol (69l (mguiton b a2 BB 290 Slgiee 3l (slod (I3l 90

VY



DOI: 10.30503/nripress.2020.327 BBy 638 Grgh EB (i Ol 5 9, as o Sl slagsglid dnwgs ol 4l (ngas

CopY o E g ol oo O jl enlazul Jolis i i)l cpl ccanl 0303 dxwgs D (g ¥ gV Jolpe iy

(Y-F USKs) conl

| I

Y] @8 iy (g O (5lo 59U 5L 3490 Mol Y-£ JSWS

cage &S Cunl oy So YL I sl ol clajlE i ) ege )5Sl hiieSw 9 959y oy o ()

Ay gl 7Y By oy ds g loily Ll o 0y gl&5)1 Y ply (8 Vgemo g 0 0,Sdas )5 oy JB cdl
Lz 29 485 jas 5 sl oY (il pas g gy (5 4 B3 ormen ol Ll (sl (A jlade SG 4] [YY]
($9329) CnSw Sy o (59 pdg il gy Jlasl b o33)S g5 sl yy ) (S sl cogo Ailgi o0 &S
Lblgd wgume J9me ()l £ 9 Ol Aol 40 45 505 g Wl 0 0y Sg8 (Ll D (g2 LB il oy
Sl & e aly whiptalo dlge jlestiul j (8U (il 5 deme (e o5 Conl Al (V-0 IS5) cél

{ostung] canl D gy Slaiygs o Glynl glod glaayy Ve al3él 1 ol

VY



DOI: 10.30503/nripress.2020.327 P 68 Genyss E (25 Ol 5 0,Shes pas sl slacs jsbd angi o) 4l (3505

Ring segments Ring segments

Abradable coating
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Blade Blade
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Current System

—>
AIR
IN

COMPRESSOR )] TURBINE
EXHAUST OUT
Waste Heat —>
FUEL GAS IN VI 2" |
----------------------------- TURBINE COOLING AIR
(TCA COOLER)
FAN
FGH System

TURBINE

EXHAUST QUT
—>

''| TURBINE COOLING AIR
(TCA COOLER)
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9
- 8
=
- 7
o 6
§ s
>
g 4
o
E 3
R
= 1
« 0 |
Firing Improved Abrad_able FGH total
Temp. Seal tech. coating
[JHeat Rate 1.3 0.7 1.3 0.6 3.9
H Output 5.2 1.7 1.3 0 8.2

LYY] anly s, g (g5lmi st U D (6w 03l US55 (ot yo5 350s dgager Y-V IS

[\ (] - o [=/] ~ [=-]
T

Relative improvement (%)

Firing Temp. | Improved Abrad_able FGH Total
Increase Seal tech. coating
O Heat Rate 1.2 0.5 0.4 0.6 2.7
H Output 5.0 1.5 0.4 0.0 6.9
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Figure 6. SI3D biading, as applied to the V84.2 and SGT5-2000€. Features include: optimised aerodynamics for
the four front turbine rows; optimised cooling of the four rows, with reduction of parasitic lesses; enhanced
coatings (Sicoat MCrAlY, TBC, internal aluminisation); and enhanced nickel based material. Benelfits include:
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Figure 7. Main features of the Si3D upgrade as applied to the V84.2 and SGT5-2000E
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Figure 8. Hydraulic clearance optimisation (HCO0). From left to right: movement of rotor; modified bearing
for HCO upprade of SGT5-2000E/V94.2; modified bearing for HCO upgrade of SGT5-4000F/V84.3A
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Model Ship Dates ISO Firing Temp Air Flow Heat Rate Exhaust Temp
performance* °F/°C 106 Ibs/hr BTU/kWhr °F/°C
kw 108 kg/hr kJ/kWh)
PG9113B 1975-81 86,200 1840/1004 2.736/1.241 10,990/11,592 945/507
PG9141E 1978-81 105,600 1955/1068 3.155/1.431 10,700/11,286 953/512
PG9157E 1981-83 109,300 1985/1085 3.183/1.444 10,700/11,286 968/520
PGI9151E 1983-87 112,040 2000/1093 3.214/1.458 10,570/11,149 877/525
PG9161E 1988-91 116,930 2020/1104 3.222/1.461 10,290/10,854 980/527
PG9171E 1991 123,450 2055/1124 3.231/1.466 10,080/10,632 998/537
2003 - Current 126,100 2055/1124 3.231/1.466 10,100/10,650 1009/543
PG9231EC 1996 165,700 2200/1204 4.044/1.834 9,870/10,411 1,037/558
PGI301F 1993-94 209,740 2300/1260 4.804/2179 10,080/10,632 1,082/583
PGI9311FA 1994 223,760 2350/1288 4.819/2.186 9,630/10,158 1,097/582

*Base load distillate fuel, includes 3/10 inches H,0 inlet/exhaust pressure drops

Figure 4. M59001 E-Class performance history.
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MS 9001 B-E Uprates
1 [l [ I SE-2020 F/1104C (FTEC) | 9E-2055/F1124C (FTEY)

Qriginal T (*F/°C) 1840/ (18407 | 18407 | 1340/ 1955/ 1985/ | 2000/ 1855/ 1985/ 2000/ 2020/ 2055/

1004 1004 1004 1004 1068 1085 1083 1104 1104 1083 1104 1124
Maximum Uprated Tf (*F/°C) ig40/ | 1805/ | 1985/ [ 2020/ 2020/ 20201 2020/ 2055 2055/ 2055/ 2055/ 2055/

1004 1041 1074 1104 1104 1104 | 1104 1124 1124 1124 1124 1124

Increase in Quiput
% % % % % % % % % % % %

Increase in Firing Tem p. & Control Meds (FT5X) - 8.7 128 15.2 8.5 4.0 27 9.5 TO0 57 3.5 -
Bore Plugs 0.33 0.33 0.33 0.33 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
C450 16V (247) 4.3 4.3 4.3 4.3 15 1.5 1.8 15 1.5 1.5 - -
Additional 2° 1GY (387) 0.4 0.4 0.4 0.4 0.4 0.4 D.4 0.4 0.4 0.4 0.4 0.4
Rotated S3B - - 06 0.6 - - - 0.3 0.3 0.3 0.3 -
GTD222 52N - -1.0 -1.0 -1.0 - - - 1.0 1.0 1.0 1.0 1.0
Exhaust Frame Blowers - - - 0.2
Air-Cooled 328 - - -1.85 -1.65 - - - - - - -
Stage 2 Bucket Shrouds
with Honeycom b Seals (FS2T) - 0.35 D0.35 0.35 - - - 0.35 0.35 0.35 0.35 0.35
Stage 3 Bucket Shrouds
with Honeycom b Seals (FS2U) - - 015 0.5 - - - 0.15 0.15 015 015 0.15
HPP Brush Seals (FS2V) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Num ber 2 Big Brush Seals (FS2Y) - - - - 03 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Stage 2 MNozzle Diaphram Brush Seals (FS22) 0s 0.5 0.5 0.5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
HR120 One Pisce 515 W Cloth Seals (F52Y) 04 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 1.3
S15 Abraidable Coating Seal (FS20) 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Total Effect on Output ® 1.3 13.4 15.68 24.20 11.9 9.4 81 16.7 14.2 129 92 6.3
*Total effects are a com pounding effect of all the perform ance im provem ents above.
Sourcebook codes are provided in parentheses.
MOTE: All performance estim ates apply at ISO conditions (5%° F/15°C, 14.7 psia/1 .013 bar)

Y] Gl &5 895 Wl 519 poyd selis,] .Y-Y0 Jouo

MS 9001 B-E Uprates

I Il i % 9E-2020 FI1104C (FTEC) 9E-2055/F1124C (FTEY)

Original Tf (*F/°C) 1540/ 184D/ 1840/  1g40/ 1955/ 1985/ 2000/ 1955/ 1985/ 2000/ 2020/ 2055/
1004 1004 1004 1004 1068 1085 1093 1068 1085 1093 1104 1124

Maximum Uprated Tf (*F/°C) 1840/ 1905/ 1965/ 2020/ 2020/ 2020/ 2020/ 2055/ 2055/ 2055/ 2055/ 2055/

1004 1041 1074 1104 1104 1104 1104 1124 1124 1124 1124 1124
Decrease in Heat Rate

% % % % % % % % % % % %
Increase in Firing Temp. & Control Modifications - -1.1 -2.0 -28 -0.s5 -0.27 -0.15 -0.77 -0.54 -0.42 -0.27 -
51N Chordal Hinge 19 -1.8 -1.9 -1.9 - - - -0.25 -0.25 -0.25 -0.25  -0.25
Bore Plugs -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 0.2 -0.2 -0.2 -0.2 -0.2
C450 16V (847) 0.7 0.7 0.7 -0.7 -0.38 -0.38 -0.38 -0.33 -0.38 -0.38 - -
Additional 2° 1GV (86%) - 0.4 0.4 0.4 - - - 0.4 0.4 0.4 0.4 0.4
FRotated S3B - - 0.6 06 - - - -0.25 -0.28 -0.28 -0.28 -
GTD222 52N 0.2 0.2 0.2 0.2 0.2 0.2 02 0.2 0.2 0.2 0.2 0.2
2-Piece Shroud - - - - - - - 0.4 0.4 0.4 0.4
Exhaust Frame Blowers - - - -0.1
Ajr-Cooled 52B - - 1.1 1.1 - - - - - - -
Stage 2 Bucket Shrouds
with Honeycom b Seals (FS2T) - 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35

Stage 3 Bucket Shrouds
with Honeycom b Seals (FS2U) - - -0.15 -0.15 -0.15 -0.15 -0.15 0.15 0.15 015 0.15 0.15
HPP Brush Seals (FS2V) 0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 0.5 -0.5 -0.5 -0.5 0.5

Mumber 2 Big Brush Seals (F52Y) -0.3 Stage -0.3 0.3 0.3 -0.3 -0.3 0.3 -0.3 -0.3 -0.3 -0.3 -0.3
2 Mozzle Diaphram Bruszh Seals (FS2Z) -03 HR120 03 -0.3 0.3 -0.s5 -0.s 0.5 -0.5 0.5 05 -0s 05
One Piece 515 W Cloth Seals (F32Y) -0.2 515 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 0.2 -0.2 -0.2 -0.2 -0.6
Abraidable Coating Seal (F520) -0.3 -0.3 -0.3 -0.3 -0.3 -0.3 -0.3 0.3 -0.3 -0.3 -0.3 -0.3
Total Effect on Heat Rafe * 4.2 -5.2 -5.8 6.5 -3.2 -3.0 -238 -40 -3.8 =36 =31 =33

*Total effects are a com pounding effect of all the performance im provem ents above.
Sourcebook codes are provided in parentheses.
MNOTE: All performance estim ates apply at IS0 conditions (59° F/M5°C, 14.7 psial1.013 bar)
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Uprate Description

FA1A Convert To Gas Fuel Only

FA3D Convert From Liquid To Dual Fuel

FA3L Uprated Three-Way Valves to Replace Check Valves for DLN-1
FC4A Add CompressorWaterWash Off Line

FC4C Add TurbineWaterWash

FD4K Advanced Exhaust Plenum Uprate

FF1E Turbine Compartment Dual 100HP Fan Uprate

FG1A AddWater Injection For Gas Or Dual Fuel Units

FG1B Add Manual Steam Injection for NOx Control in Gas or Dual Fuel Units
FG1D Add Automatic SteamlInjection For NOx Control in Gas or Dual Fuel Units
FG1C AddWater Injection For Liquid Fuel Units

FG2B Dry Low NOx 1.0 Combustion System Uprate

FJ3A Add Manual Steam Injection For Power Augmentation

FJ3B Add Automatic Steam Injection For Power Augmentation
FK5C ReplaceableWheel Space Thermocouple Uprate

FK5K Replaceable Short Lead Design Exhaust Thermocouple Uprate
FK5P Replaceable Connector Design Exhaust Thermocouple Uprate
FR1D Uprated Nimonic Transition PiecesWith Improved Aft Bracket
FR1G TBC Coated Combustion Liners Uprate

FR1H Uprate Combustion System From 9B To 9E

FR1T Breech Loaded Fuel Nozzle Uprate

FR1V Extendor* Combustion System Retrofit Uprate

FR1W Extendor Combustion System New Uprate

FS1F GTD-450 Compressor Stages 1 To 8 Uprate

FS1L Air-Cooled Stage 2 Bucket Uprate

FS1P GTD-222+* Stage 2 Nozzle Uprate

FS1R GTD-222+ Stage 3 Nozzle Uprate

FS1W Exhaust Frame Uprate

FS2B Shrouded S17 + EGV1&2 And Counter Bore Covers Uprates
FS2C Uprated Stage 1 Shroud Blocks

WY
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FS2D 100HP Exhaust Frame Motor Blower Uprate
FS2F Uprated GTD-111* Stage 2 Bucket

FS21 Non Air-Cooled GTD-111 Stage 2 Buckets Uprate
FS2J Uprated Stage 1 NozzleWith Chordal Hinge
FS2K Uprated Stage 3 Bucket IN738

FS2T Stage 2 Shroud Honeycomb Seal Uprate

FS2U Stage 3 Shroud Honeycomb Seal Uprate

FS2V High Pressure Packing Brush Seal Uprate

FS2X Number 2 Bearing Brush Seal Uprate

FS2Y Uprated HR-120™ Improved Stage 1 Shroud with Cloth Spline Seals
FS2Z Interstage Brush Seal Uprate

FS4G Uprated TBC Coated Stage 1 Buckets

FS4K Advanced Aero Stage 3 Nozzle Uprate

FS4L Advanced Aero Stage 3 Bucket Uprate

FS6A Stage 1 Shroud Abradable Coating Uprate

FS6E Enhanced TBC Coating for Stage 1 Nozzle

FT6B GTD-450 Reduced Camber High Flow IGV Uprate
FT6C Increase 9E To 2020°F Tf

FT6J Stage 1 Bucket Uprate

FT6X Uprate 9B Hot Gas Path And Combustion To 9E
FT6Y Increase 9E To 2055°F Tf

FW3E Discourager Seal Replacement

s dal g 5l el )l 5SS p a by e feate Slowd 5 aslsl s
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039 yosho mo 9 93 39d5 ) Pl ol laSel g cSL Sy o H wSb Sy il 5 g sl jelate 4

2 @by Sl cage g bl by <SS gy 1 B Sl erkis wo &S 390 cge S (Al el

Sy eacSol p3 5 pmY wool laaslis g (b (6ye0) Y duol S (JSiie opl S gl g0 5,Sles

Stage 2 and 3 Shroud Honeycomb Seal (FS2T/FS2U)™
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Softer”

Cutter tooth™
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Honeycomb Shroud Blocks

* Honeycomb Shrouds
- Reduces Leakage
- Greater Rub Tolerance

* Requires Buckets with
Cutter Teeth

}

Honeycomb Material
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Cutter Teeth

A

Rotation
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Stage 2 Nozzle Inner Diaphragm Brush Seal™
Wheel spacer™
High Pressure Packing®®
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4" Brush Seal

Element

»Rub Tolerant
Rotating Seals
Provide
Sustained

» Performance
Gains That
Increase Over
Time

+1.0% : Output

Stage 2 Nozzle
With Brush Seal

Nozzle Design
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-0.5% : Heat Rate

Y] 1 o oylo (gl (gl oo yo Nl 1 o3liins! Y=Y JS5

YA



DOI: 10.30503/nripress.2020.327 P 68 Genyss E (25 Ol 5 0,Shes pas sl slacs jsbd angi o) 4l (3505

(Fs2v) 515 Jol dl yo (gl )y (sl

S LS e ) 52 S e s o S 3 SRS i 1S (g &) sy rgt slpp
oS ol ol bl og5 au0] Modigd a8 pi 40 4B e anol LT 5908 s 2)b sl w28
s 31 @ (las b ano] ol oS ol glas b ano] s o cul cow maw b alpd (6l was )b el
o2 bl (o8 (0988 G5 ik g 4Bl dgu0 )b 93 FVY S 395 00 o1 pglbme G oSl ) 39290
15 It ) A58 o dumlia 48l 5] (gl 3ol b |y dluo dund 5 l3m di] Y-V S 43S o dumlia
S5y ol 4 & Wgdse yae Sl Gle BT I ale g 48,5 )18 jglome Syl p Ry 93 (e SIS
o 4 gl ol Sy ) el e ol slmoy 5 (Kiny S sl 4 Wyl pm sl g ol coladas
Bl 5 gyl Wl 290)5 o o3lisl (g Els sl ise () i3 gl g oo glPil jgueS oy
w9l by ol e B e 4 ol cpl Culi (3)5 3ga0me b B335 0 il jglne slaadge oy
Oy ilitte oty (w85 B L eyl ol e cpl 4 ST S ) e peS I (2] Sl
S 4 piY ogbice ol b o) 5 S @ ¢ 58 3985 1 lo (SIS Gl pre mala g (3150 aslo)
o)l anol .l oY (SolSe 5 ()l 1S slale 13 (e 9,518 Jatusd Car BISLS () 2929 45 o
D)5 o zolaw po (il Cuoglio dboul el 0diguilid iwbey 4 by > 4 (68 S s 0gMe o0 odlituwl
Spb Soly sy (sl 1) Gilamte (gl g 03,8 bl |y olad g (ygme b 93 o sl o
S35 4 jgw a8 (29 slon il g 03, dgumme |y YU (sla)lid asdly sgu0 (a0l )b el 25l 0 pal 3
by &yl 5 2 /05 g 9y IV /B3 ,Slas dgu 5 yui oyl 4ot 10 05 oo (65 o> ED 55 o
o shosl o] olian 4 45 S0 S 35 (els PGILTLE (slomysd ¥+ Y Jlo jl w39 cn cingo
Ongs 26l Coycam 3o S g (oS VYT ol gl )3 340 ee 45 Canl o A pe lpiieSw

D)3 Coyiun =2V g gy >+ XU lise 4 (©39u0 (slae,b auol 4 s 9E )8

Pumpkin-tooth ™

Interlocking spline seal™
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First Stage Shroud Cloth Seals

* New Material and Improved Sealing
* Improved Performance (Pending Audit)

Cloth Spline Seals

W-Seal
“Bus Bar”
Seal
Side View Pumpkin
/ Teeth
Bottom View Bottom View
Current Shroud Uprate Shroud

GER 3751-11

Y] 2l 5 25b 9 (2998 Glid b Y-TY JSi

New Intersegment Seal Design
Filter Cloth

Current Spline Seal Cloth Spline Seal

GER 3751-12
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Stage 1 Shroud Abraidable Coating (ES20)™
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Casing out-of-roundness™
Misalignment of the rotor™

Shroud block misalignment™
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Stage 1 Shroud Abradable Coating

Inner shroud

Abrodoble cooting

,O\ Turbine bucket

Casing Roundness Rotor Alignment

+0.5% Output
-0.5% Heat Rate
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gl gy
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* Replace Two-Piece Design
* Haynes HR-120
* Reduced Cooling Required
- Increase in Output
- Decrease in Heat Rate

W-Seal

GER 3751-14
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Two-piece™
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* Improved Stage 1 Nozzle With Chordal Hinge and Improved
Sidewall Cooling and Sealing Design

* Turbulated Cooled GTD111 Stage 1 Buckets
* Two-Piece Stage 1 Shroud Blocks

* Reduced Cooling GTD222 Stage 2 Nozzle

* GTD111 Stage 2 Buckets

* GTD222 Stage 3 Nozzle

* IN738 Stage 3 Buckets

* Extendor™ Combustion Upgrade

* TBC Coated Slot-Cooled Liners

* Nimonic Transition Pieces

* 9E Exhaust Frame and Blowers

Recommended

* GTD450 Reduced Camber Inlet Guide Vanes

* Stage 2 & 3 Honeycomb Shroud Blocks

* High Pressure Packing Brush Seals

* 1100 F/593 C Exhaust Temperature GTUI%C
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Original Design and
Thermal Gradients

Blunt Nose Bucket
with Improved
Thermal Gradients

Figure 32. Sharp and blunt leading edge bucket designs.
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Turbine Section - GTD-111 Stage 2 Bucket

» Scalloped Tip Shrouds
GTD-111 Equiaxed
GT-29 INPLUS

» GT-33 INCOAT
Cutter Teeth

GTD-111
Vi

Stress Rupture Strength
(KsI)

Scalloping of the Final Configuration
Bucket Shroud of Bucket Shroud
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Turbine Section-Stage 3 Rotated Buckets
IN-738 Stage 3 Bucket

c Features
- New Bucket Material
- Rotated Bucket Profile
- New Shroud Tip Design
- Cutter Teeth
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Temperature (100,000 Hours Part Life) (°F)
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/ = ~ ~
Scalloping of the Final Configuration
Bucket Shroud of Bucket Shroud
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98 9E 98 9B
First Gen. Clean Fuel Universal Third Chordal Hinge
Second Gen. Fourth Gen.
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» Pressure Side Fiim Holes Replaced With Siots to Provide Better Coverage
- Closer Spacing
- Better Exit Condition

¢ Modification Introduced With OSW Cooling Redesign

Modified Slot
Center Rib _ Pattem
Pressure Side \
Film Cooling \
Holes \
Suction Side ‘/\\ Olfi Hole
Film Cooling Pattern

Holes Care Plugs

Trailing Edge " oo

Cooling Holes
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Chordal Hinge Nozzle ™
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Turbine Section

Chordal Hinge Stage 1 Nozzle

€2

Hook
Machining
Relief

Spline Seal

Improved
Seal

Chordal Hinge
Seal

Lug Machining Relief

Improved Sidewall Cooling
Reduces Erosion and Oxidation
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Current Design Redesign

AL R

Film Cooling Relocated to Cover Distressed Area
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Improved Cooling FSX-414 Stage 1 Nozzle

* New nozzle design made from the FSX-414 GE-proprietary
cobalt-based alloy

* Available uncoated, with standard or enhanced thermal
barrier coating

Offers:

* Advanced sidewall cooling

* A new sidewall sealing design, increased efficiency

» Operation at higher firing temperatures while maintaining
component reliability and life cycle

Shaped
Pressure Side
Cooling Holes
AAAAN
Uprate R~
>~ Spline Seal
Improvement
.
0 1%
/ i
Current A |@—_ _ Increased
v N 1 - | it
NV e — — — Trailing Edge
= Hole Size

Additional Cooling

-3 ~~ Improved Hinge
Core Plug Modification P g
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eTBC, an advanced three layer coating
system consisting of:

+ a bond coat
« a porous class TBC
¢ a top layer of smooth coat

The coating system can be opplied to
internal surface of the liner or pressure
face of SIN.

It reduces friction and erosion which yields
performance.
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* Improved Creep Resistance

* Improved Nozzle Vane
Cooling
- Redesigned Core Plug

* Improved Performance

- Reduced Cooling Air Flow Downstream
Deflection

_'H‘_

GER 3751-16

[£61GDT 222 s j1 pgd s yo J3U i35 T-Y4 JSS

* Creep Resistant GTD-222 Material

* Aluminide Coating on Stage 2
- Increased High Temperature Oxidation

Resistance
GTD-222 vs. FSX-414
Nozzle Creep Deflection Comparison
12
5 10
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Reduced Cooling Flow
Controlled by Tuning Pin

Performance Improvement \ —
Output Heat Rate

MS6001B +1.0% -0.4%
MS7001E/EA +0.8% -0.3%
MS9001E +1.0% -0.4% o
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New Stage 3 Nozzle Design Provides Significant

Efficiency Improvement

Baseline

Uprate

Hub Pitch Case

Red -
Uprate

Green -
Baseline

New Aerodyamic

Nozzle Configuration

e Improves output and
heat rate

« Significant reduction in
hub mach #

* Improved angle of attack
distribution exiting nozzle

View Looking Upstream

¢ New slash face angles,
nozzle seals, core pad angles
and thermocouple tubing
accommodate new design

LYY oo J5U &8 g 9,37 Y-£F S5

Stage 3 Bucket Changes Result from
New, Higher-Efficiency, 3-D Aerodynamic Design

Tip shroud - improved stage
efficiency and local creep life

Airfoil - higher efficiency

Bucket airfoil stack - reduced stresses

Platform - better bucket balance

Shank pocket - reduced
stress concentrations
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IN-738 S3B Advance Aero S3B

Scalloping optimized for
new airfoil profile.

The airfoil throat is covered.

Y] &8 gy 957 L Y s po Sy Y—££ S5
CIFIV=YY Joa 33)5 dpwloee Conl p3Y (005 5 S S5 o ol5)] 35 o8 38l oo 3} (29,5 )3 (5551 9 Lo

...\.b.)un OL.uj ‘) uzlm‘ 5 Jai‘)w ).) S—L&j)‘

\5-



DOI: 10.30503/nripress.2020.327 P 68 Genyss E (25 Ol 5 0,Shes pas sl slacs jsbd angi o) 4l (3505

I¥] 33,5 o Jlosl ¥ als yo J5U 5 €S sl 1 iy 3, %hos Cujo Y-V Jgio

Exhaust Temp, | Exhaust | S/C Heat S/C Part

delta Energy Rate Output

-6°F -0.8% -0.7% +0.7% | NewS3B/NewS3N,
Hot Day, 100°F/38°C,
Guarantee Pt

-8°F 1.0% -1.0%- +1.0% | NewS3B/NewS3N,
1SO Day, 59F°/15°C,
Reference Only

-9°F -1.1% -1.2% +1.2% | NewS3B/NewS3N,

Cold Day, 0°F/-18°C,
Reference Only
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GTD*262 Alloy performance
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Qutput (MW) 128 144
Efficiency 34.2% 36.9%
Heat Rate (BTU/kWh) 9972 9250
Firing Temp (°F) 2055 +64
Exhaust Flow (pps) 911 911
Exhaust Temp (°F) 1016 1009
Qutput (MW) 188 210
Efficiency 50.3% 53.6%
Heat Rate (BTU/kWh) 6786 6370
A SC Qutput (MW) 12.50%
A SC Heat Rate baseline -7.24%
A CC Qutput (MW) 11.70%
A CC Heat Rate -6.03%
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