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Gas Turbine Generator to Contribute to Grid Stability
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Table 1 Comparison of main specifications between 500MV A
class developed generator and preceding generator

Preceding Developed

generator generator
Capacity (MVA) 473 474
Voltage (kV) 19 19
Current (A) 14,373 14,404
Power factor 0.8 (Lagging) 0.8 (Lagging)
Frequency (Hz) 50 50
Rotating speed (min™) 3,000 3,000
H2 Pressure (MPa-g) 041 0.19
Standard IEC 60034-1, 1IEC 60034-1,

60034-3 60034-3

Insulation system class 155 (F) 155 (F)
Thermal class 130 (B) 130 (B)

Mo CcefMEOBRMMAD Y, BERMMOEL L H
MROBLE 2 ANz B AN R L 72, BB
Wl — MOREL b &), HHMOEERAMEE HEOS
Al 2 AT RS S R30%KI L7z 2 LC, EMOE
FRATEPA 2 0 L, KEH AEN 2R L 72 BIRk o |
FREASHIFRAE AN TH 5 Z & 2R L TV b,
BASSHE DML, PEREMGE D 72D O [l il ik & F406 L
72o Fig. SICAnEABRRE ORI 2 7R3 Al T
&, SRR RIREE R SR 7 & O HEAR ISR,
KT 25 v ARHER S EORERERIZOVWTD

Terminal

Loss density
High

Low

Center side

AN

Fig. 5 Shop test of 500MVA class generator

— 4 —
Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/05.

FREATV, ARRB X OB OZRZ LT 57217 Th
{, FRIMPIREOS S 2R,

EANRALHAM OMEE L LT, BRI ED Szl E
o THEIBEIRIME 217\, BRI OHEZ 1T - 720
Fig. 61206474 & o ki %R 3. Birtkicx L ¢
FHIIE8R%ITAIH L, AHRICBVTHATHERL D H01RA
YIMULRmEL, 1508 (Bih) v FMHCb b
59, 99.14% &\ ) FERITE VAR JERR L7z FEREM
FEIC XY, BARBNOAREEZHERT AL LB, wF
WCOoWTHEkEME L FEFIC R —F L 72

ZOMOKGEEE LT, WEY v RiRE L o2 5E
PN O K EBICEEE LT, S &AL o 57l 2 1T > 72,
FHioF & LT, R FEMOME FAL, BRomRE
O FERE & EHTE O I % Z L F N Fig. 7&TFig. 8125
¥ Fig. 7TORFE T EROME EA im0 540 b &
D CHEMMME L B EITRLS —RLTBY, BREEoMLe
P& & HIRRET TS E DS W & 2R L7z, Fig. 8

1.2

1.00
1.0

0.88

0.8

0.6

Loss (pu)

0.4

0.2

0.0

Preceding
generator

Fig. 6 Total loss of 500MV A class generator

Developed
generator

—
(9]

—
(=]

——o—-—-/l/(\-o—(

—Analytical
@ Measured

Temperature rise (pu)
g
(9,1

e
o

0.0

Generator
end

0.2 0.4 0.6 0.8
Positon of axial direction (pu)

1.0
Generator
center

Fig. 7 Stator coil temperature rise of 500MVA class generator

1.5
O Analytical
s B Measured
=
E1.0
=
Z
<
)
£05
8
0.0
Point A Point B Point C

Fig. 8 Connection ring temperature of 500MVA class generator



Vol.48 No.1 2020.1 KE -

HFRAZZ—ECARBEOREEEE TR -

e

DOEMBOMWEL, FRFHRFIIREDSE W & FF-li S 7z 3 5
it (Fig. 4®point A ~ C) IZiEX v &2 %E L Tk
R L7z BERROZEBROMEE T ENE & AT E TR
C—H L, EfOEELIEEIZOW TR FREE DS
W &R L 72,

4. —EAGTCCH T CGSHATD800MVARRK FZRE
AHRORERE

4.1 800MVAXKHDELET A&t

SOOMV Ak D I 2 % Table 212789 AR
X4 Ty TETIVEBAL TS, FBEESS —
Y UHlE oLy Z RO S R X b i TH 5
CEDVRERFEHMTHY, OOV TSR AR
ELTCHREEMED TS, T2, S00MVAMBKIE, KFE
MHEEHRE LTI RBEEOTTH Y, HHMEREm -
D7z O EHGEMARE Y E B LT,

Table 2 Main specifications of 800MV A class generator

Capacity (MVA) 758
Voltage (kV) 22
Current (A) 19,892
Power factor 0.85 (Lagging)
Frequency (Hz) 60
Rotating speed (min™) 3,600

H2 Pressure (MPa - g) 0.29
Insulation system class 155 (F)
Thermal class 130 (B)
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Table 3 Main specifications of 350MV A class air-cooled

generator

Capacity (MVA) 349
Voltage (kV) 21
Current (A) 9,595
Power factor 0.85 (Lagging)
Frequency (Hz) 60
Rotating speed (min™) 3,600
Insulation system class 155 (F)
Thermal class 130 (B)

5.2 350MVAFRIEDEAE - #iLKR

350MV Al id T35l al BRI my 0 €, 34 - A
TdH 5o Fig. 11 (iZmlfiz-, Fig. 11 (DIZEE T B
BUE - RIZRIZ R T

(a) Rotor

Stator coil

(b) Stator

Fig. 11 Assembly of 350MVA class generator
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Fig. 14 Detection of abnormal portent with physical model
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Fig. 15 Physical model simulation
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Fig. 1 Stator coil cooling design
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Stator coil
*Optimization of strand transposition
Rotor - Increase in the number of parallel circuits
*Large diameter *High-performance of insulation

Frame
*Reduction of stray load loss

Tilting pad journal bearing
*Optimization of the number of pads
*Optimization of supply oil quantity

Rotor coil
*Optimization of cooling structure

Axial fan
- Optimization of blade shape
-Improvement of inlet channel shape

Fig. 4 State-of-the-art technology applied to 900 MV A indirect hydrogen-cooled turbine generator
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Stator core

Stator coil

Stator coil-end support

(1) Calculation model

(ii) Calculation result

Fig. 5 Modal analysis of stator coil-end
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Stator coil

Frame-end

Phase ring

Fig. 6 Structure of frame-end

4 parallel circuits

3 parallel circuits

Fig. 7 Loss distribution of frame-end portion
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Optimization of blade shape

Improvement of inlet channel shape

Fig. 8 High-efficiency axial fan

Improvement structure

Conventional structure

Fig. 9 Cooling structure of rotor coil inlet
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Fig. 11 Structure of rotor-end
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Fig. 12 Calculation model of rotor-end portion

|b11>-#7|,—l-

(O F—=2 s

Fig. 13 Stress amplitude of rotor-end portion
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Table 1 Design specifications of 900MVA indirect
hydrogen-cooled turbine generator

Capacity [MVA] 900
Terminal voltage [kV] 230
Armature current [A] 22592
Power factor [-] 0.85 (Lag)
Frequency [Hz] 50

Gas pressure [MPa-g] 0.35
Number of stator slots [-] 84 (4Y)
Cooling system of stator Indirectly hydrogen-cooled
Applied standard JEC/IEC/IEEE
Insulation class [-] 155 (F)
Temperature rise class [-] 130 (B)

Fig. 15 Shop test of 900MV A indirect hydrogen-cooled
turbine generator
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(2016), pp. 33(635)-36(638).
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R, 20194E11H10H
HWEIANF— T AT A AMRtEFER
FRRME R S — ¥ v SRR R Y
T230-0045 BT LIX K)LHT 2 - 4

E-mail: ryo.fuchimoto@toshiba.co.jp

* 1

AIA SR
G AZA-E>, C:OY Ty —, HP:EEA-E>,
IP:chEA—E, LPHREY—E>

(a) Single-end drive

ATA NEhEZ

(b) Double-end drive

Fig. 2 Power train of single shaft combined cycle
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Table 1 Generator specification
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Fig. 6 Comparison of collector shaft structure between single-end drive generator and new double-end drive generator
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Fig. 7 Stress analysis model and boundary condition of collector shaft
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Fig. 8 Analysis result of collector shaft
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Table 2 Cooling method and refrigerant of each part
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Fig. 9 Cross section of generator stator slot
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Fig. 12 Appearance of inspection robot operating
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Fig. 7 Crawling with overpassing baffle
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Table 1 Plant outline

Generation system | Gas turbine combined cycle

Capacity 1248 MW (624 MW x 2)
Fuel City gas
Site area ca. 9 ha

Major Equipment | Gas turbine, Steam turbine, HRSG, ACC
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Table 2 Major specification of gas turbine generator

Output 470 MVA

Voltage 22 kV

Power factor 09

Frequency 50 Hz

Cooling type Stator: H2 indirect, Rotor: H2 direct
H2 pressure 0.5MPaG

Speed 3000 min’

Excitation Static

Total length 139 m

Total weight 456 t

'.‘i-n'i-'f" Py
p— Y— == LT(
SE P

T

1. Stator casing 8. Rotor winding

2. Stator core 9. Retaining ring

3. Stator winding 10. Axial fan

4. Pressure plate 11. Spring plate

5. Bushing 12. Bearing metal
6. H2 gas cooler 13. Bearing bracket
7. Rotor shaft 14. Seal oil ring

Fig. 1 Sectional view of gas turbine generator
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Fig. 2 Generator manufacturing process
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Fig. 3 Topics for onsite manufacturing
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Fig. 4 Block Stator frame

Stator frame flange

Stator frame

Seal weld

Fig. 5 Detail of block stator frame flange
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1. Support ring 5. Clamping finger
2. Core fix key

3. Pressure plate

6. Stator core
7. Core Block

4. Clamping stud 8. Duct piece

Fig. 9 Stator core end structure
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Fig. 10 Block stator core
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Fig. 12 Overturn stator frame by two cranes
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Table 1 Comparison between the cylindrical rotor and the
salient solid pole rotor
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Hot point

Rotation direction

Fig. 5 Hot point of rotor winding
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Fig. 9 Overview of miniature model experiment
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Fig. 10 PQ character result by miniature model
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Fig. 14 Simulation model of loss simulation
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Optimization of V-shaped Flow Control Device
for Improvement of Film Cooling Performance
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ABSTRACT

PRI PTRE™

MORISAKI Tetsuro
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KAWAMURA Tomohiro

This paper describes a new V-shaped flow control device to improve film cooling performance of gas turbine
cooling holes. This is invented with the aim of reducing the aerodynamic loss and the thermal load of devices, which
are regarded as points for improvement of the double flow control devices (DFCD) invented by some of the authors.
This device is a VV-shaped protrusion that is created by merging a pair of protrusions with the shape of hemi-spheroid.
In addition, this is attached to the turbine blade surface just upstream of each of cooling holes. The purpose of this
study is to optimize V shaped device, by use of CFD and Taguchi Methods so as maximize its film effectiveness.
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Key words : Gas Turbine, Film Cooling, Flow Control, Efficiency, Taguchi-Method, CFD
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Fig. 2 Control factor
Table 1 Control factor’s level
Factor Levell Level2 Level3
A Fillet 0.05d 0.1d
B Angle 25deg 30deg 35deg
G Distance 1.2d 1.5d 1.8d
D Height 0.3d 0.4d 0.5d
E Length2 1.0d 1.5d 2.0d
F Width1 0.15d 0.2d 0.25d
G Width2 0.25d 0.3d 0.35d
Table 2 L18 orthogonal table
A B C D E F G
Fillet Angle | Distance | Height | Length2 | Widthl | Width2
Casel 1 1 1 1 1 1 1
Case2 1 1 2 2 ) 2 2
Case3 1 1 3 3 3 3 3
Cased 1 2 1 1 2 2 3
CaseS 1 2 2 2 3 3 1
Caseb 1 2 3 3 1 1 2
Case7 1 3 1 2 1 3 2
Case8 1 3 2 3 2 1 3
Case9 1 3 3 1 3 2 |
Casel0 2 1 1 3 3 2 2
Casell 2 1 2 1 1 3 3
Casel2| 2 1 3 2 2 1 1
Casel3 2 2 1 2 3 1 3
Caseld 2 Z 2 3 1 2 1
Casel5 2 2 3 1 2 3 Z
Casel6 ) 3 1 3 2 3 1
Casel7 2 3 2 1 3 1 2
Casel8 2 3 3 2 1 2 3
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BTHLTze T2, BEMTEEICIET) AL Ay V2% Table 4 Computational time and total elements of analysis
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Table 5 Calculation conditions

Reynolds number Re=6,000
Blowing ratio BR=1.0
Density ratio DR=1.53

. : Velocity profile [m/s]

Mainstream inlet 298.15 [K]

. 0.00871515 [kg/s]
Secondary flow inlet 194.85 [K]
Mainstream outlet Static pressure 0 [PaG]
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Performance Prediction by Cycle Simulation
for Ammonia/ Natural Gas Co-fired Gas Turbine
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ABSTRACT
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FUJIMORI Toshiro

Performances of an NH3/natural-gas co-fired gas-turbine have been studied by simplified cycle simulations
which account for NO emission from NHs. Results showed that generator-end efficiency increases and turbine inlet
temperature decreases with increasing NHz mixing ratio because the lower heating value of NHs is lower than that

of natural gas. These changes cause saving fuel and reducing damages to turbines. On the other hand, generator-end

efficiency decreases as the NO conversion ratio increases due to incomplete combustion of NHs. It was shown that
high NOx emission has adverse effects both on air pollution and operating cost. Further, it was also shown that the
turbine outlet temperature decreases with increasing NHs mixing ratio, leading to the low thermal efficiency of the

heat recovery steam generator. However, it is expected that high thermal efficiency could be maintained by adjusting
the compressor inlet air flow rate to keep the turbine inlet temperature constant.
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Key words : Gas Turbine, Ammonia, Natural gas, Cycle simulation, Efficiency
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=7 OBRBEIC L D AR SN BNOIEE X, KRAT AR
PEICHARIEFICERETH Y, FAY - U HRRICKE
S EBRHZ ZWRMDEH D, 22T, KFETIET v
EZTRIED S ONOEK # ZEE L7241 7 VEHIC X
D, TYEZTEREE LTS 22 &A%, FEEMD
EOMMOSBRNREDO T XY — ¥ U REICS 2 DIz
WCEHI L 720

2. EREE
Cro : NO#z## [%]
Ga  FEARERIM A 225 [kg/s]

Gens Ay Utk E [kg/s]
Gex CHER T A [kg/s]
Gz 7 vEZ TSGR [kg/s]

Gw CPEEEIR £ 5 (HRSG: Heat Recovery Steam
Generator) #/Kk= [kg/s]

hic JEMALT ZADT Y 7 VY [M]/kg]

hir A=Y AT AT Z Vv [M]/kg]

hoc RO A DT v VY [M]/ke]
hon HRSGHTIC BT AR A AL v # L E

[M]/kg]
hor =Y O ALY VE [M]/kg]
hs :HRSGTHK SN L ERDOL Y ¥ V¥ [M]/kg]

hor cHRSGIZHH R S da Koy ¥ v [M]/kgl
Hemy c A7y OALFEEGE, 500 [M]/kg]
Hyus 7V E=T OBRAIEEE, 186 [M]/kg]
Hr CREFAOMKAL T SR [M]/kg]

Pcm DAY UHGIET) [kPal

P CEREREA I 2D [kPal

Prr 1 ¥ —¥Y y AOKEJ) [kPa]

Prus T v TAGEET) [kPal

Poc CJEAERR IO A AL ST [kPal

Pon S HEEBIRR 4 IOHER 7 AL )T [kPa)
Por =Y MEOE)) [kPal

Ps S PRI £ Z 38 KU TT [kPal
Py s BEBAIOIPUR A FHKIE ) [kPal

7NH3 DT RS TIREEE (%]

Tcus c A UHGTREE [C)

Tic CERRRRAIT A A [C]

T =Y ARE [C]

T'nms C T =TGR [T

Toc CEAERE I TT AR [T

Ton CHEEAEIR A IOHER A A E [T
Tor =Y HEORE [C)

Ts D HEEAEIUR A F 5 A 2R [T

Tw S HEERIBNRUR £ Z 35K EE [C]

We DEAREEE ) [MW]

We DR ORI AR E [MW]
We SR [MW]
Wr Dy —E i) [MW]

nc DRI [%]

76 D FEEBIE (%]
nee FEIAE [%]

7T ¥ — VR (%]
7 th A ERIE (%]
wT

ac D EBEOIRRE

id D RIS T W ERARLIR AR
3. EtEH&E

3.1 EtEETN

B A 7 VEMEIZ 1 Aspen Technologytl # o> 7 il 7
Ot 2y I2b—%TdbAspen HYSYS vox H 72,
Fig. WIHEE LAY - O A 7 VERET IV E
RT o HAY—E I 2MWHO Y 744 2
HAY =¥ r2fELlz, ST, TAY—¥ ik
Ot 7=ty MOCHEE RN A 1 5 (HRSG: Heat
Recovery Steam Generator) % i L7zHA D20
VAT AT A T 5720 TV T ARSI, PRBE
WBLOY - 03T OHEREINLEHETNVE
L, JEfRROR D 5 VI TOMA, ey —E
YOGHIZER, BHEEICOVWTIEER LTV AW, F
7o, HEZEMOMEICBIT 288 X OEDERITELRL
720

—> Material flow CHs NH3 Steam
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s ¥ ===s ¢ Generator output

Generator

Fig. 1 Cycle simulation model of Gas Turbine with HRSG

3.1.1  EREE EMEBRIEREAIIICB T AR, JE
71, JEMEREAL E MO OIE b, R, 5
FANMEE L, FMEBINICB 225D ¥ VE R
HIM L7z, & 2 CTHEMBERIZIZT%T—EL L, LTD
IR L7
e =100 X Weia/Weac (1)
Weac = Galhoe — Mic)ac (2)
Weia = Galhoe — hic)ia (3)
Z TV ¥V EDFEIZIZPeng-Robinson ® IKHE Ji
KNODZEH L7z EAmbR L R e o > 7 v
Yo L7,
3.1.2  BREEZR  PREERRICIX, EAHECHEM S 2K,
MEELTAY VT VBT H AR L 2. R
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BAH X4 —E 255

OWHITEIEA Y~ - 7Ty EZT £ H122000 kPad L,
7 VEZT ORBIMREIIC B A EEE L D b T
SICEWVIREEE L7z, REOREGHFHITT v = 7 Bt
KTRL, HABHOERERIIEDLEAT VEZTO
BEoOlHEE LTUTOL)ITERL S

Iz =100 X Gyys Avns/ (Guns Hwns +Gena Hena) (4)

PRBEZEI OV B IRBESUE & L TIILDTIZRT 320
RO % Z e L7z,

CH4+20;—C0O2+2H20+803 k]/mol (R1)
NH;+0.750:—0.5N2+1.5H,0+318 k] /mol  (R2)
NH3+1.250;—~NO+1.5H;0+226 k] /mol ~ (R3)

s, (R1), (R2) WAZ VBIUT VY EZT D%
SRR TH Y, e R3) X7 Yy E=THh5H
DONOEF G TH Do TV EZT/ A Y VIRBEIZB
HEHZTI v Y arE L TE RENH;, CO, KRR
fLKFE, NOxAHEITHN 5, AREHHETIEZ, Thon) b,
NOxH M E N B Z 12 X B 5B R LB A =R
DAL Z AT 5729, NOxPIAho L3I v g vizo
WTRIER L7z T2, TUYEZTE XS U TIENOx
DA T = XL EI BH, REFERIL Y, 25 v
DOMRBEC L D ER I NANOxIX, 7 ¥ EZT ORBEIC
IV AERINANOIC N TIIEMR TE 513 SR E
THY, NOxDOERFIEINOTH 5 Z EHbhoTnhb,
FIT, TVEZTHOLERININODAEEZFE L7z,

RBESH IS BT B ERROBRBEH S L, 22 B X OWEH
MNCZALT 2 WML BIR TH 525, EHEIIFD
SRR LA BRI LTI, BRI B
LIRER L OHRATEETH D, MIENREES L O
BB L 27z, RIS RE WV, BRI ROR3
LHnE L7,

Table 112, RIERX (R1)~(R3) ORIEHEZRT,
Ay VT EENEERETSHE L, — /T, TYE=
TIZDOWTIE, NOEKIZ X A2 5BBEOLELE KIS
728, —HANOIEINLb e L, vkl (R2),
(R3) DUSEIEZ/NNT A =% LTELE¥, UG
X (R2), (R3) oBEGOEAIL (R3) O RIGH
HaNOHRHFE L LTE#KL, Table IO X9 ITRT,

Table 1 Reaction ratio of CHs and NH;

Methane Ammonia
Reaction ratio of R1[%] 100 0
Reaction ratio of R2[%] 0 100 - Cro
Reaction ratio of R2[%] 0 Cro
Total reaction ratio[%] 100 100

313 A—E2 -V ilonTiZy—¥ AN
BUFsEE EH, y—ErAOEBO0FEDE, ¥—
YU, HER AR E AL L, ¥ —E I
BUsZEEO vy VEREN L, - YHOFE
HIZOWTIE, HTAY—V v HEDOEMTIE101.3 kPa,

HRSGH V) O A I3 EHK 2 EE L1043 kPak L
720 =Y VRIS ESTHRT—EELL, UT
DEHTEKEL,
N =100 X Wrac/Wria (5)
Wrae = Gex (hor — hit)ac (6)
Wria = Gex (hor — huir)ig (7)
Gex = Gp + Geua + Gums (8)
y—E R, FEMiR L Ry —e v o
Iy NVERrLREIL7,
3.1.4 HRSG HRSGOZEEHIPER A A LKD T RV
F—OAFIPHHM Lz, FHRETIEBBLEZEAL, D
TOLHIITHERL,
Gex (hor — hon) = Gw (hs — hy) (9)
C ZCCHRKIREE /BT, AR/ IE )T B X OTHRSGH!Y
HOPRA AMBEIE—E & Lize TR Y —E v iEiRgf
DERIZEZ - OOy ¥ )V EE{RIH LTI,
KO D LD X ) MR EATEL CEHEZ 1T - 72
3.1.5 HEBEHH, REmE, HBEHMHFE FEL,

FEMANE, BEBREUTO I ) ITER L 720

W5 =16/100 X (Wr — We)ac (10
NGe = 100 x Wg/Wp (11)
Nen = 100 X { WG + Gy (B -h) }/ W 12)
Wr = Gyuz Hynz +Gena Hena (13

FEBBERRIZOVWTIE, FHICES5THBT—E L L
7oo 72, BEMINE FHICLST20 MWT—E L
%5 X0 MR R 2 EE L 72,

3.2 EtEEH

Table 212 & % /R 36 Case LIZHRSGAH M 77
AF =¥V HREIROSETHY, Ty EZTIREERLE
NO#EH#L= %2 /85 X — % L L7z, Case 2B X U3IZHRSG
DELATV AL —2a VY AT ABEOEETHD,
T YESZTREROARAENT A= L LT, WThO%
HIZBWThH, BERENP—EL %5 X ITRHTRE %
FHEL 72 Case 30AIE, HEILITMZ, y—¥ VA
CHREA A 7 Y EBE (ras=0%) 01045 COF F—%
LD X IEMBRRERE DTS L7z, o oit
HEM0ENDS, & —E v AL/BIORE, BRI,
BABRNRE AT T B AL 72

4. ETEHER

41 HRE—EDBEFEEGREHG (Case 1)

411 NOREHIEWFZEADHXZ—E1HEE Fig 2
IZCase 1TTNOAIEA L2 WA (Cxvo=0%) I2BIT S
TYEZTRBEEEAY VBTV E=T ORI
", BEEREB X R OREABEORRE KT,
TYEZTIRBERESIWENT S L, XA rimmEITERIIC
KTL, 7YEo7iEGERIHENT 5, HEED
BALICE BT AL, A¥ v OBAEBICHLTT v EZ
TOWMENKE L, BEORERRZEIT VE=T
BRI LHERAMIN T 28mIcdh b, —HT, BE
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Table 2 Calculation condition
Unit Item Case 1 Case 2 ‘ Case 3
System - Without HRSG With HRSG
G, [kg/s] 9.5 ‘ Calculated
Tic[C] 15
Compressor Prc [kPaA] 101.3
Toc [C] 377
Poc [kPaA] 1114
ne [%] 75
s [%] 0-100
Gena [kg/s] Calculated
Tena [C] 30
Combustor Pens [KPaG] 2000
G [kg/s] Calculated
Ty [C] 70
P [kPaG] 2000
Cro [%] 0,5, 10 | 0
Prr [kPaA] Poc
) Tir [C] Calculated 1045*
Turbine
Por [kPaA] 101.3 | 104.3
1 [%] 85
Tw [C] 60
Py [kPaA] 1300
HRSG 75 [C] 180
Ps [kPaA] 800
Ton [C] 160
Gy [kg/s] Calculated
Generator o %] %
We [MW] 2.0
* Same value as 71t of case 2, rnu3=0%.

0.50 80 _ (rvms=0%) W& [E DRI AR 2 MERFs 5 &, IR
T 040 mé TWEAINL, ¥ —Y y@Ey AREsEndT s, ¥—
% 030 1o B U ATRARIT 2 £, 5 — € > AT
. . 5 Bz, 2MWOREIIIE B DI LB LI A B
% 4 E KT 2, THIET YV EZT O L) IR IR/ S
z 010 23 VIRERCIE, MBI E) ) O — A8 — € > TS AL

0.00 + 70" BIERRLTVD, ZORD, 7Y EZTREZLY

0 10 20 30 40 50 60 70 80 90 100 [ L -~
NH, mixing ratio [%] HEBDEIN ET2b00, 7ryEZTOMGETE

Fig. 2 Effect of NH3 mixing ratio on fuel mass flow rate and
total fuel heat input (Case 1, Cxo=0 %)

ORI ABENLT V= T IRBERDBEMT 5 & HFH
BLTBY, 27 VHEBE (nms=0%) BT YE=T
BRE (ras=100%) ~ZALT 5 ERBTRIT L7z Th
27 V=T ORMFEBED A 5~ DFI3T% & I 12/
KW ENFERTH D, 7 ¥ TIHERMBERE IV E
Wz, TYEZTREE (h>0%) BRI Y U HEEE

TR L 72 6 B MK T 3 2 W e H % —H, 7
YEZTOREAL, BIRIZH A F — ¥ R Lo KFHHE
BAHFIH T Z MUIREIRRN RO T &2 JI < & 2 W hEk
Wb, iz, EBOIN A - T, ¥—¥ @@
HAREDSWEINT 5 &, ¥ —E VRPLET 5, F
72, =¥ U TOENBEIAEIMT 5 L, AT
NEEMUL, HEMENRICOREL 5252 MHESD
bo X0EEMIZMET 24T 720121, BT v E=
TR ER Y — € v B X OEMEOMREELE ZE L
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BARAL X2 —E FR5

CRIRET VR NEE B D,

Fig. 3IZNODSFEA L 2 WS (Cvo=0%) 1285
T RS T RBER BRI B X UCOME L = Hl
DR EIRT . COMFMREIIERIE, A5 HBE (s
=0%) OCOMFMEITK T 2 HIME G EEFKL 720 56
EIANRIL T ¥ &= T RBER ORI 3 L CHERE L
TBY, 27 VHBE (mu=0%) 57 Y E=THHE
(rvs=100%) ~ZALT 5 LK T I BRE R WEE 75,
T Y EZTRBEEOMINMI L ) B ABEIMET
L7270 Th Y, FEUDHP—ED DI BHGK) A
M 28R L o7z COFEMBEHIEIZ, 7rEZT
BRI LT ISP L Twb, 7V E=THME
#50% T DCOHE 2 I I 313 HI51% & T8 B Im R = 3]
FFABICEYD T VR TRERI D HRREWCO,
HIERN R 5T Wb,

Generator-end efficiency [%]
CO, reduction ratio [%]

0 10 20 30 40 50 60 70 80 90 100
NH; mixing ratio [%]

Fig. 3 Effect of NH3 mixing ratio on generator-end efficiency
and CO: reduction ratio (Case 1, Cxo=0 %)

Fig. 4IZNODFAE L R WA (Chvo=0%) 12815
T UYESTRERELE Y-V AOBIOCHOTARED
BfREZRT. 7V EZTRERPWNT 2L, 0N
ZMEAHINART T 5. TNET VBT OKERE
WAZ JTHARENZ &, TR TRBEICE DR
BREABEDPKTTLZEDPRNTH L, ¥ —E A
HARENLTIX, ¥—Y v OALON LRmEY A
7 ORI EHFGTHEHEZBNL,
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Fig. 4 Effect of NH; mixing ratio on gas temperature at turbine
inlet and outlet (Case 1, Cxo=0%)
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(Case 1) T, NOWRIERZ /XS X =L L, TV UIC
BATTHBERE L2, STRETE, TUESTIR
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HAY—¥rTlE, 7 ¥EZT7IREEIZX - TNOEf
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Wt 2475 720

Fig. 5ICNOIEH#EE 5% B L 10%C BT 57 ¥ E=
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16%I2#85 L TR L7z, NOWEIXT v &= 7 RBEEIC
xt U HGERIZIEI S %0 518 L 72 Sk TNOBE B 535
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Fig. 5 Effect of NH3 mixing ratio and NO conversion ratio on
NO concentration at turbine outlet (Case 1)
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Fig. 6 Effect of NH3; mixing ratio on change in total fuel mass flow
rate and generator-end efficiency (Case 1, Cxo=5, 10%)

0
-0.1
-0.2
-0.3
-0.4
-0.5
-0.6
-0.7
-0.8

Change in CO, reduction ratio [%]

0O 10 20 30 40 50 60 70 80 90 100
NH; mixing ratio [%]

Fig. 7 Effect of NH; mixing ratio on change in CO: reduction
ratio (Case 1, Cxo=5, 10%)
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Fig. 8 Effect of NH3 mixing ratio on total fuel heat input and
generator-end efficiency (Case 2)
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Fig. 9 Effect of NH; mixing ratio on water supply rate to HRSG
and total thermal efficiency (Case 2)
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Fig. 10 Effect of NHs mixing ratio on gas temperature at turbine
inlet and outlet (Case 2)
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Fig. 11 Effect of NH3 mixing ratio on exhaust gas flow rate at
turbine outlet (Case 2)
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