1 BAH X2 —E 34k

W& ANEETA S — ¥ Bl

Vol.34 No.1 2006.1

HUNSR A R 7 — U VR 12 LT

KEFEFIE, EEHB LUMEET Y Y ViEROT/N
BEAAY - ORIE I TRRIZINTTOBEMZ B
HZLAHbDTH 5B, '

HAY —EVOBERERYED &, ZORSEIZ20HR
ARICEHDITE, EEHAAY— ¥ TliE, 19394 %
A4 A @ Brown Boveri & Cie #t (3 Alstom #t) 2%
Neuchatel ﬁﬂ:fﬁ’!bf:%@:ﬁﬁ“ﬁﬁ?ﬂ@%’%ﬁﬁ HAy—¥
VTHhb, TOHNAY—Y iF, EETEEE208:, TH
Ha4, Wiy —¥ Y 7BTHE SR, 1)1134,000kW,
¥ — ¥y AIREESSTC, BREIIT. 4% TH - 72"
—HMEHZI MO TWwAE LS, EFED/ STy
FTdho7zF. Whittle ISy —F Py bV %
A L1930SRICHFRF 2 BB L2 L LIFZERITE~N DB
WOR D R WIREET, il CHE OBk &
BEORELIY—EYH 5% 5 “the Whittle Unit”
(WU-1) BT TV ORBRICIBTER L. #
DBEWIVzy PLY D UVERERSEZDOI Y DV 2
WLAVzy M (Foxy—#) 11, 19414EHREDO
MIFIZEB LT WAB, W1z > ¥ o#S131000b ¢
3‘7)07‘:0

BEERHFAY — Y, MBHAAY—C RS
TR HRESEIREL, EERITHEEIBIMW ¥ —E v A
18 EE1500C M701G B H A ¥ — ¥ V), #i 22/ i
127,900lb (GE90-115B) 2% THEL, MLV TH
By 5 & FELROHI00FICHML Twb, KiFES
THY EF2 ) NEREN Ay — ¥ 2, OMIZIZ T R
Y- ORBUMOM I HIN—FT W TH LA, H
A F — ¥ Y ORELLIRA65F DR D T TR DK
RE L TOEEEMPEY ANbh, ke X
a7 b, FLTEVEEEFSVERBICZ>TWS,

HNEEANA Y — 0 OFENEmZ AT 502, F
FTEHEEPNEEBT A - EOEb ) HVITDNT
RRTHRLV, ZEEIFEHOT A -V HBORER
AN OVTIRITBMICT LD ENRTWE, TOXH
WML ENT WD, ZodmT, BE7 Y=z s b

JERSZft  20054E12H21H
# 1 KEAFEKER THEMER BRI¥ER
T565-0871 KERAFIRHETILEE 2 - 1

—q =
Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.

raw T oo {0

TAKEISHI Kenichiro

ThA—r 54 bEHEL (7 — ¥ AORE1300C DY) b —

FARAY—E V) KBWETERLHENZ TR, E
ERTOE) AR FYBRLTEERLED
HHD13~1TMW @ MF-111 45 2 ¥ — ¥ ¥ Tdh 5,
MF-111A X % — ¥ 2B WTIE, 19834F IR ICET
LI9SR ICHI SR D E B % Bl L T\ b, ZFET
EHIT19614ED 5 KE Y TR F 4 ¥ ZF oy 24 & Hiffiie
BUIZIVEEAOTNRAY— V¥ 254 v AEELTE
72D, TNHRRBOEEHTAI—C v Thbb
501A, 501B, 501D % & CTaH» Y, MF-111H#F% HE
R TH o7z, EREROMENCERINTVS XY
I, FEAERE - F—Y - ) - BRBE - AR - B - i
RE DL NDERZ OMFERSICHED > 72 MF-1114
AY - 3URE L TREEHCHAREND Y —E
AOREL250CTH Y, - VEBREOGHNEE L
Td, 1150CTHT M501D o —EERIFRHL TV
INF R NVEHNFE2EHT L2 PR Do 72,
SEBEBTELE L CRIMDTOYF - ¥ [ VEHHTFE
YU UERICRALE, Moy - BB OB E
WKHLTEA—Y I 1 METHRIBERIEN R Y — ¥ OEE
F—EVE—RBEOBERERL ) BEELES I v
7a7—ORBERIBBLTCVWAEDT, MF-1114 2% —
CUOE—BREIRTLTIEE OB THXIEIL-WTH 5,
LA, REGEA—DIDVELZ 08N
F—EVEROE Y74 VREBESBEA—HIDLS
v 7a7—FHNEH DT LYy b TR KEL
oo PR OREHERDPHETE 2 ThbbE
74 VEBOUBEHEADS, BAESA Y - TEYETE
7E SR NRESERTELDITITH S, WEHE
2BWET 5 BT, REBOSBERBROD D A — 5 TEMA
SNBNDY -V IIBERBENR R 2o 7
RETH 5,

MF-1114 R ¥ =¥ Vi, BEOEHILIC Yy F L
A 7 VEETOREREPORBIGEHI KDL Z &9
LUK v MERE L o7, 1250CHEDFT AT —E D
HERMBICED L2 s, =BREITETIIHE TN
FFEEE S HIZH D KBRS 0 1350T % M501F 4 X
5 — Y ORSICET L198YEM 51 & i I BT LT



2 FNBBARAZ—-EEESIILET

AAA X2 —E L3R5

Wi, UEOZFETEOEERTRAY -V ORFED
BRI E DFIH LK 1 ICHAICEBR IR TV S,
EHICHNEEBANAY—Y VICHEL T MF-1117 X
¥ —¥ U EN— 221350 CHRDEM 2 A L THL.656F
A — VD MF-2215 A% —E VO ZITol. 2D
MF-221F A7 —¥ D 7ruvir % Lz720Bnwidh b
A%, 1350CHRDFEMIZH R HN721250C EH O MF-221
BELdRKEL NI TUPELEREINTHS,

1500
14006}
o 1l [ oot
©
3
‘é 1200
§ :
& 1100}
-
% ] e
-4 REEE ] Ao TOTE
P 1000 T e e e e
=
£ %
3 ool u
o Old Machine
o Current Machine
800} s Scole Deslgn
= Tabine Injet
-3 Temperature increase

36 46 60 16 320
Power Output MW [ISO, Natural Gas)

Fig.1 Development History of MHI Gas Turbines *

XT, AELESTCEAMEBEABIAI—Y LT
LMS100, LM60000> 2 #5&4%, ¥ 7-#iH EHAM THZE
ANz E%XME LT H2, MF-111, L20A, MIA-13
D4 BEIBAM SN TV,

KETRERAENAFNEET R -V IZRHAERT
CWAITEMELTIE, LMSIOTRMKEL YDV
CF6-80C2/80E # 27— > Y & LT, LPC& HPC
MizA v —2—35 %8A LT HPC OEMALE KR
L, EfEEHORE2 TP OsitEzEL, Kibhz
BimEsZ LAk, Thick ) EITI104,500kW,
Bah=47.6% (LHV %#) F /250% 81 THRF39%
DEVBHEEZERL VDY, —HEXEHFTRAI—E
COFEBTREFEME LT, MIA-I3BEH A -V
Y TIE, KE® CESTA:25BIZ L /-l lEBRBE S R T &
(XONON) %3#RH L -flEmbess % R T TEE
L NOx 1 9 ppm L F 23R LT\ 5,

HhEBATAY - U~OBABRZERALHNTHY,
Mercury50i3kE DOE @ ATS 7ud .7 FOFR%
FBL 5ppm BLF® NOx &, Hi14600kW, 38.5% D

___2_

BN ER L TWBY,

MF-1114 R ¥ — ¥ v D58 O BERIE D 5 204 DL
LR BA, ¥ —EVHRNOBHEROERHEY,
BIHOI500CHEA A ¥ — ¥ ¥ M501G EdH 5 Wiz
HAY—C v TREINTWS Pre-Swirl / XV (fize
AT NEFa—7) 2FALT, $HEROEELT
¥, b T—ERHFRIZE VYT —~y NEHIZHW
BREFOGHEIZL 74y T 5 LICL - TEHFE
oHE, HHOEMER->TWwb, HLWT 75— —
CAHEDOHETH 5.

AE5TiE, chsbsbe, PABERBIFIRAI—EVDOHE
AEFDEI SN TS,

HNERAFA Y — Y id, KB RIZBRER)
TR, FEEAFTAS—E DY Y IV 7 ViR
TRIFFICHVEGERLERT L2 DOPMTE TS,
AUNERF RS —EVIBBEIGITETH Y, Bek
MEFE L, BROSREND 2 720 H g O gL
Bl SHORELFEVYECTE D, S HITIFROBUM
e LT, REBMEHEAEDOELEEY A 708
BHEThHDH, $7/NERTIE, BB 7y Y VEBE
WZtT 3y 7 AQFAIC L ) BHERRORESL L U'F
WAL L BB ROYENEZE R bNb,

HUNEEH R — ¥ VBRI ZEMR I AhTn
CETHRARY A7 MEL, ZOBMIIAKBARASY —¥
VKT AT MR IBFMEET S, RIEERD
1700CHDPHF Ay — ¥ #5855 L THHAEEN R
¥ — VU TEIEL-BM 2 KREERAD L \VIIHERT
A7 —EVIZEA LT ESY, HERPHFRICHT RS —
EVEIHTI—FTE A THALLEZOLND,

Pt, KECTREHNINEETAI—EVIZOWTOR
B BEEGA LA, HUNERA RS — € VSN
CREBESN, ¥R Y — R KRIZIIHEAM R &
n, EHLERETLIZELEEZLPLEIDDOTH D,

ZEXB

(1) Rappard, A: Gas Turbine Development, More than 50 Years
ago, Proceeding of GT2005 ASME Turbo Expo 2005, Paper
GT2005-68966 (2005) .

(2) BKH%E : ZFEHFAF—ECVRAROBR L SHOBE, HAE
BRZSEEXHEH e MRS HHRASTLE No.014-1
(2001) pp.3.13-3.15.

(3) EHERE: BBARAY—¥ D% E CFD, HAF A ¥ —V¥
vE4&EE Vol.31 No.1, (2003) ppl-2.

(4) Gas Turbine World 2004-5 GTW Handbook Vol24 (2005)

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.



2006.1

3 BARARZ2—E ¥R Vol.34 No.i
I

W CHUNERA A — € U H

HI5FE B D

Bl Rt =B RET

MORIW AKI Fumiharu MISHIMA Nobuyoshi

X—J—R:1HR¥—Cy, a—VYVzhl—av, BWREHI AT A, K NOx REES
Gas Turbine, Co—Gene;ation, Inlet Air Cooling System, Low NOx Combustor

1. BUBIC _ EVICHBLCEBEDERT A LI D EL A ZNS D
AR, BT AN FRMIRIREICRIE, CO.HIM DB DTHY, KEOHF A - LTHI5 (K1)
o, F-BHEBL, SBUILOBRPrOFRA Y- Y MEHEIN TS, ,
DEHRILB L UZEREH WY 2T 5DOERR(LAK REEfIE, LFBETIBNT -V o ARERME L
HLENTWA, THEHZEIN, 20064FE 4 BICEEBET, REI2ARZHT A
EBNBLUENOTAY —E v A —HIZBWTERE ¥ — ¥ VEERABRBBLTHBY, 20064F 4 H OB &R
ILOEMBAFE»EATH Y, BIEERICBVWTH, & BRBAIZ I CHRAE B ABRER P TH %,
NETOBEBRERETNAY — VUV OREBHOP TR
bhl-HmrBERBEFTAY - (H1525) 128H
LTETWA,

ZZTR, BHEOT Ay =¥ U EliE Hwi: HISR
BRBOEHAFL LT, BERNICEERPOI -V R
L= a YfEoMArt T 5,

2. HESIE

AREMIE, (LM T35 % xR & L7215,000kW &K
RAAD—=V 23—V a YHEBRAIARBEEAIC L 54
IANFEHEL LTRIE SN/ 25D TH L, FEREL
LTiZ15,000kWBDOHF Ay —¥ra—T o 1 Bl Sl e
AL, BRIEHET R BRERM TN L THROERSY — H1 HISHAZ—¥

HRAY v PRARARREF Y

e
"%_
| e BT
Tl I
SIS 1] T
F] I e ¢ i ] D
HEBEI A A 5 Hl15HAZ—t v SR A A TR e v

Mz 79 F2fkRE

BERSAE 20054812H 8 H
* 1 GREMBMET BHINV—7 HIMHER »—YrRahs
T317-8511 KWW HMTHEN3 -1 -1
* 2 GRENEMERT BHV—-7 BZER
KIT¥ AT HETEIER

f— 3 f—
Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.



BAA X2 —E 285k

4 o HISRERHOBN

3. 2B
3.1 2GEE
ARBEBOLEKEBZK 2 IIRT. HAY—EVH
B RBRLZEEL, THRMIHERY 7 b 2L T, N
ANAREy 7, HEBEIAKASL S (HRSG), HRA
5 vy OIECTEFICRE SN, F7-HRERKLS 5
B S —F B X OHAEEE (FDF) %% 5.
K5 (HREL R AR B X ORI R b ot
R 2TV B

3.2 75 M4gE
AT 52 bOWRHITLZ R 1IIRT .

#£1 77 MERE#EL

HAY—YURBRWMBY | 14,950kW (@15C)

HAY—ErFEEWHNFE | 31.4% (@LHV)

-V Rlb—Ta VHE | 84.3%

A4 Z 0O NOx 100ppm LLF (@ 5% Oy) -
HRSG B2 & fii e 45t/h

HRSG B fnEEnky 35t/h

HRSG HMGESRRHIH R ¥ — E VHER T A &IV 282
L, BB L7-A@E (FDF) &Bigh/Y—F THR
RFEESEDLD, EREPRIT S

3.3 YAFLIER

RRWO Y AT LR E B 3 IR T,

BME LT, REAH I ATFLAZRALTBY, HX
¥ — ¥ VAP ABADCKGROWAGHE %2 T
Wh, TNICK YW EFLR EERARERTOAAY -
VHIME TR TE LY AT AL ST WA, GAKD
WEEE LIRS HEEZ R L Twb,

¥7-HRSG L O EMRER B H Y, HRF¥y—¥ O
DINANARE Yy I BLX T 8% Hwrz, HRSG H
Bl E— K a—Yx 28T — F, W% EGENIC
Yk ABEEZAEL TS, 2Nk, HRSG THAEL

SR R A
} %o

PHIAE A

K3 TRAFAHK

TeRARE TN Lkt A WTRE S 35 B CERY
ALDOT, HAY =YV ELRIZIE, BIBRNN—FDOAIC
X % HRSG HHGEEADOBIT, EHIINANRAR Yy
2R OHRT A KEIINSA NRABRERBOEHTAY -
VHMEE), RMEMIC, HEHRSG LKL Ta—
VA BEE-FIRTEVWIERZTREL LTS,

HAY—E UBRBHIERT A X (13A) Thh, AR
HNOBRELH A FHHRIC L > THREOEN T THEL THE
FALTw5b,

4, HI5HX4—E >
4.1 HRA—-E {1

ARBRBICEPEINS HISH X —¥ VOl X
#RAICRT, FLFEHBRUTOLE) TH 5,

BB A 2 v 1 EiE
fEtg  EhR17EX
S B 3 B
#R K NOx &Y 6

B K
Z2RUE
r—¥
S R

4 HI5WTTHE

HE I EEEOB VALY —Fa—F 4 —RIZ{AL,
HRIIAESEFRICIY AV FF v AR EEET
Wb,

FEa 317 CEARHISE LTB Y, Al
HAT YNBSS EPHLA—NR—=2YFH VR, £
HOME, —HEOMESERAL TV,

7= IIEHRO ISR THRIN TS, 1 REHR
B VFRAREHETHY, AFFIIEY -2 LR
TuE—¥2FH, 1BEERI7 4 VARHE Y EY
VEHRRBL, BAREEE L & D ICHHERRE
ERLUEREMEER->TWwS, 28, 3ERBRICEZY 2
S RAN—RBEEZRAL, Bemoy — 7Rzt
IHTW5H,

PREESIIZRRIC, HISHRAF—VY T2 6EDHR
TR B BENIH X, WK, £ EREAMER A
THY, BB KRS A, By, BEMW, Aok E
oM, FEETEI—y AF R 2RO =BT A T

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.



Vol.34 No.1 2006.1

HISREEX B DB

bdH B, NOx KEINHE LTRKEY, KEFOM,
B RE NOx REESS 2% B, R TIZERT A 2 (13A)
ZAER L8R NOx BREESS 2 A LT b,

4.2 WHAERE

H15/25B 4 2 % — ¥ OEWN - BIMAGERERZ
F 218 T, 198 ED W SHEIBAMBLE, BRRTTE%
¥z, BECRIEAZHMTEIRIN, BWEEESHER
ENTw5b, EABRBIIHEER EERHEDI, Y7
WH A 7 (8/C), 234 Y F¥ 4 7w (C/C),
A=V AR ELBIZES,

#2 HI5/2589 A%

i) E
EEHRI-TYxh 19 10
PEXER C/C 2 13
B 2R R ERE) - 1
BEERS/C -
HEH C/C -
HEM S/C 16 -

5. & NOx #Hias
5. 1 MARRIBE

A SN AR NOx BRIEBOBER 2 5 12
Ao N—FREEL LT, WEHN—F (F1) % B%
#HOFLICREL, ZORAM2TFRAENN—F (F2-1~
4) THAZZHEL 2> T,

(P21, X U] [FiREH]

[FoPiguE—X]

2o 8, T

{56 NOx A st i

X5

F2-1~4N—F KA L7 7258 ER, F A
7 —E VAMIAbETE 5 RO BRELRM & I L,
HKE7 Y HERET S, '
1) FLN—7 GEHugseR N—7F [ F1)

FUREL 2 v & 2 TR, /N— F Jeih & HE
BRI — VRIS U, AR E TR T 5,

2) Fox—+ (FREBRBER N—F 1 F2-1~4)

F2BRE ) AW Ry NVERL ) VDS FIRES
PER~IRELE ST L, TIRARNS CRERZR L F2RR
BEREL, B —~EATL, FREKRIEITS
TR 4 BIOREBFICE o THREES NS,

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.

__5_

3) 94F, bV avE—2R

G A4 FIXNERCRRBEEIR 2 TR L, BEmICIE 7 4 VA
GHROZEIS DS, bV vary¥—XATEER
BREN R % 7 — ¥ v 1 BHE~EL,

5.2 PREHEIE

AIRBERF DRI ¥V 2 — V%X 6 12K T,
RIS SEAL D 7= e F15— F i3 sk L, & NOx 1k
DIzOHAY — ¥V BEIRBIZIE U T F2RN—FDH K
REEZX 6 DMEF TYEZ S,

Hode #5

ko [Hode #1] P2 i [#8] [#4) i [#6)
v : i
- :
"
B
%
#
. )
. ) ) 9 50 100
0 50 100 GTAH (fload)
GTRE (%SPD)
X6 BEGBEAS Y-
5.3 NOx #§i%

K 7i2H A% —¥ B0 NOx PR (@16% O,,
ARISC) 2ART. MAHEMIIBW T FIN—-F 0%
ik LRI, BEOBERS P EICNOx ED
Y= HBHELR, BFBVxr b TEN—ZEWTH R
¥ — ¥ H35ppm AF 2 5TH L Tw 5,

GTH AINOx @169%02 (p

20 40

GTRH (%)

A —E ¥ NOx PN

80 100

X7



H15

BREORN

AXARH—-E >

Rh A
< F e

6. BRAHY AT L

6.1 RIRER

RIEABRBCTHRAL TWIRAKEH Y A7 22807
%o H8IIMAGHREMME TH 2, T 72T HIMERE
FEAIITRTH 5.

2R GT A 1 35C/15C

HKIREE AT HIM 1 7C/12TC (@%HIE)
WHUKIREAD MO :32C/37.2C (@%EH)
HERBGSEAR : 77T0USRT

9, BINAGHBTHRA Y -V BR 2 GHT LG
KeMEDRE S THHL, WAGHGRIIED, BEE
HEBFTRIA RS — VB Z R, KRS 7 TR
RGHERICE T, BHEAREIKTHY, ABEORER
W2 B AR & IS T 72BIPGRIE SRR 1245 HIKRR
bhHh, NHORHEHEBLURIEGECHEHINS, W
KFEHE» SIHHAKR Y 7 TEYATNR L,

R

P
35°C

12°c

B8 W HRANE

30
9 5
" 25
Juc|
® o9 |
EKS 20
D
AJJ 15
N
g 10 f

5

16

AR

15 Wﬁiﬂﬁ@
=
H
N
4y 14 :
2
X A dw
R 13 RRAEEL

) 25 30 35 45

ARIRE C
REEEICHTEH R —EVRREBEB LT
MR E A

156 40

B9

6.2 BEAIHAFME

B 9 IS RS HERFO RFIREICHTE2HA Y -1
YWEIRE, MAOREREERRT. KRIEEH20~
3BCIEBVTIE, BREEIO~I5CEITRTEIRLIE
BTEL7D, WhY, REEGHELIZHEL THR1000
~2000kW K& BB Z ENTE B, RAREH20TLL
TTREHEAMIEHEORKAR % TRl 5 7200k
VWHOA v F—uay 72k 0EET 5, TLRKEE
BCUETREFEAMPGHREERZ LRBIS -0 ER
BYREL TV D,

6.3 H¥aRHEA

1) BREHR

HAY =¥ BERRAZEONORHEIC 6 ZOmHIZEss
BREIND, FARAGHEERFICIZEEICLS LY
PREICHET H7:05HEE L OERMAZETHRICF
VoxtailL T\ 5,

2) IR Bk

_6_

WAL, b - KB VR, BilioABE
WIREIERE OB CHIRE S RAIN TV A EERS
T, BE L OHHERICESCBEVEEEEZAL TV,
R THIHOBINAm#EHE (770USRT) OfFE#
Ny r—=J%RAL, BEHOGKEM/KET 2. 4L
BEHCERT A (13A) 2R L, WHEBNIEOREIC
BAEMEHAL, BIEE LTRILY F Y A2 HVTW 5,
3) BK, BGEARYT :

WIS EHEEGEROF R 7 — ¥ VRN HERIZE 5
THEAMICHYT 5, 20207 -V ANRE
AR LA, BEEITEE T & TR RS IC R
BUREUDDH B, Lo T, REMFZERTLLLE LIS
BRI IR vy — Y 2 BRITFTW D,

BARRICIE, WRGHEERSE EIEoEh, TR
¥ — ¥ VBEEILL ARER BaEILER EoREE
LT, HHEEES~OBRIEILRFOIEIS, BAB X
U%HK%/?&@@%%W(@%E@M%H 2Lb
VATFAELTWA

7. HRSG & DEREHA

7.1 RKER

HRSG & OEAZEHICOWT, RMBEE 2 KI1012R 3,
BT — FYBHO Y V83T 25 5,

DP-1 HRSG A% /%

DP-2  FDF (#:A@Eps) mnsy vos
DP-3 INAISAF VN

DP-4 FDF B %

DP-5 FDF AQO#¥ ¥ %

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.



Vol.34 No.1 2006.1 H153E DB 7
HEH A BhgA/N—F - HEA A
DP-3
DP-1

D—(} \& HRSG

GT .

pa RO

KA ]
DP-5

R

BI10  HESRHENE R

7.2 EREH
I TRIERRUBOEE LS % (DP-L,
DP-3) L EM IOV TR 5,
Qa—YzrEHEE-—F X
WEEET— FThHY, FRY—Y v ERAMTER,
HRSG BhREHIE L 72 DIRREZ F5 3
(DP-1B8, DP-2Bf, DP-3f)
@ GT 112 X % HRSG HAMuEEE~ D BT
s ARV MNEAEOERE LTI, EIIESELLYE
ek Dr — 2% BELTWA,
« HRSG A% »s% (DP-1) BAL, HRSG HMiTHI#R
NeFIZ L VERESR T -V NOERET) D
BCBIBRAN—FHBEKLEVE ) ICHBREB IV
FDF oA &## &, DP-3BEEIZ4& b7 DP-1,
2OEBHEEITH. B, FOFREEANRYIHE
AROZR L ABEIES NSRS E7:0, EHET
4 FY Y ZFRETHBER S E TV,
(DP-3%4:83, DP-1H, DP-2B)
@ GT M S &L o — Y = 3 EEET— FAOHIH
o NANRF /78 (DP-3) D F EH R — ¥ Vi2H)
L, "AZ—Y BlE35,
(DP-381, DP-1B, DP-2B)
cGT RESE T, A 82F7 % (DP-3) #HUR
A5 HRSG A0 ¥ v 28 (DP-1) #B X%, #x%—-¥
VHERA A% HRSGHICR T, TOBICIIHT A S —
YU MAMAEIC L 2HRELRICL Y ¥ 7 MEBD
A b7, DP-1k DP-3EHEICEHE &b %
W DIRES vy -y 7 R MATHE, ¥V 5H
EERIEIE DP-3BIE# kML LT, ¥ 7 VHEZEH
L7755 DP-1, 20 EEEIEXIT) o
(DP-381, DP-1B§, DP-2BA)

DP-2,

T

il

WA NRZBLIUHRA Y v 7 &R 2 K11z, Ly~
JNERIMEE M2, B, Ihb ¥ NGz E
TEHETIThbhb,

8. HHYIC :

Pk, HSRBERHBOBEASL LT, BHNI-TV=

AL—va VREOMAE SETHN,

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.

_7_

Mil NANRRARY v 7 BIUHERAS v 7
(FAF—EVFHEIYRS)

RARARF v Y PEAF v
ISAAH R
©e-3) HRSGA D #7208
T
l'( 4 A
- )
¥
. ol A HRNENILA A 5
A - e FDFH(ﬁDEj) Pl (HRSG)
o=
PR
(FDF)
HR S G BiiEHR
SARRAE w7 HRAS v
IS PRRH R —)F'—
p-3)
HRSGA R & 2%
j (op-1)
—p
7
HAZ—E | A HEREIR AR A F
©7) FDFH R &7 2% (HRSG)
(0P-2)
| BhgR/S—F
Eiipv8i b
(FDF)
G TiEhnz sy

12 & > E IR

H15/H257 5 AW S a1 —¥, SRkEy
SO=—XHdHY, TLERARIEESHKTHL, 2
TEMKELTOFRAF—EYRZd e L), BEIVATFA
LT N r—VOREDOEE, BEE;SE
EDBEEIIL-TL b, BHELTHINLD=—XIT
HIBT B Sk e bEICHRE, SRl REoMLE
o TWLFifFETH 5,



BEHGREZ—-E>

FRHNERTAS — VB

L AEE
F 7= by

Vol.34 No.1

2006.1

100MW SRR F 2 & — ¥ ¥ LMS100™ o B%

F—)—=K: TR —-¥ v,
STV TN, TS

1. FUBIC

RSB OBBEFAIHERT 5%, FRoOBHTH
BO=Z—ZADVEDE LT, K#ieBHEERIIRE
BUCKHEMRE L TR W2 2 AR — v 3hiF o h
5o BAAMLELRIE & LT, Ba%, SHELEE
IERIE, EEEE), FEM, KAWEN (50%8H),
RN B Bk, AMERENE, BREVRD X ORMK
NOEEDPES B HIBELR LV D 5, HHBEEIZoW
TIZ100MW AL ASE

ZDE) BHEHO=—XZHIET 52012, ¥RI)L
L7 vy 7% (BUF GE) 100MW SOFHRIG R & —
CYoRExiTIZEEL, Z2OBRELTA VI —

-5 A I NERFERL T2,

BISERIHE # MET HICH VRN LEEZHF LT,
AR R ¥ — €V 2 EkeH s Ao v Y
YHEERM (DT GEAE) rEHERMO 7L —LFY
AS—Y Uy EREFTEET LI ANE-BEHEM UUT
GEE) 7"MRAE T 2BFEO P DEIE S NI H %2 v,
ENLR VAT AL LTHAEDELZEE L, 4V
== - VAFARELTRTCOA Ly R—FV N
SUNCHENT, F%EHH0WIEE Y BLVELT CRIIE
EBERESNTWS, COL)IRBHEOIVR—F R
YAFARPEHTA Y —E VANFICHASbED LW
DEFHLVWHRFETH 5,

PR P VAR, 71— A%,
YA N, BRI,

BT S — ¥ DB, MEREHRERS O LM

7L —ABDOMS B I UHII 5 LMS100& L7z,
GEAE @ CF6-80C2/80E #' X # — ¥ ¥ 3 H M # 2
T OEBLR oI, KLY T VRO LM60004
A5 —EVBIUHMERIY YV 24bET1ERME
MR 2EEEREETSHCF6 FAY—YVid, BEL
C TAMAWICEBETH L, —F, LMSI00¥ R F A%
EDIMHFRS—EVORDERBETSE, 15—
J—Z L) HBHRBENKRIBIZEMT 5, 22T,
GEEDT7V—LRBH A - V%, ZOEERGER
RFEZRLC, REEHME (LPC) Offi LTRETL
72o 7 L—ARID MS600IFA (6FA) H# X ¥—¥E v

BRI 20054E11H 4 O
BRIV 2Ly MY vy A vF—FvaFr-4AvD
T107-8453 XA 1 —14—-14 EE3BSEHIC N

* 1

__8_

¥ A

TAKANO Toshihiro

ML Vr, L vy—r—3,
FOERE), ESEEHEE

intercooter

Combustor o

Output
Shaft

HPT
1PT

M1 LMSI1000D#H,
DEMERI210kg/ B CTEIEEINED, YA 7V EDOE
K%&ii72 3 ¢ CF6-80C20 B LM (HPC) & Bl
LHABDEE R B,

LMS100¥ 2 5 24%, B 1IZRT X912 3 WMo
AF—¥ T, LPCEHPCOMIZA v ¥ —r—5%
B2, A v¥—r =513, HPCIZBITrTMitE%
ﬁﬁt,%%%&%mﬁﬂ%kab,Ltﬁofxﬁﬂ
B LTS, LMS1003 2 5 A DJEMHEIF42 © 1
hb, Tz, m@lmﬁﬁﬁﬁT?é:ttlb,E
BRESEMLULBMARE L 2525, FEIC, BOWERE
BINITHREIC LY, ¥ -V U AHERREME 2 Y,
ZORER, LM6000H A ¥ —E v ER%ED A VIRER
REOOBBREZHL THI LR B0, M
FERMRMFEOR ESYFTE S, HPC, BRESRB IV
BES—Y¥ Y HPT) »ofbsa7 - - Ty ik
CF6-80C2/80E it v YV v OEHTH Y, LM6000
RIFAY - Lo@EEIHV. FkitohESy —¥
¥ (IPT) 3 LPC % BRE 3 % 720 ICjkat s iz, 72,
NRy—F—Er (PT) &, MERERBMI R —¥ »
THEHESNTETCVLIMERT VY VERNCLEIDT
Hbo TNhiL, 7V—LEIFT & -V OREIERICE
DL BB IR SN S,

LMS100v A 7 A3 ¥— 27 B X O AMERICH L
TRICHBETH Y, T2, RTFBICEELRRIZTI L
 FHREREEIE AT RETH B,

2. LMS100> X7 LDKEE

2.1 HRE—ELORE |
LMS100 A7 A41%, GEED 7L —ABIFA X ¥ —
U UM & GEAE o CF 6 fZefr > ¥ ¥ /LM6000

Download service for the GTSJ member of ID, via 160.16.140.208, 2025/06/11.



Vol.34 No.1 2006.1 100MW BRFEI S X 2 —E > LMS100™ DOBES 9

Hot end drive
. Shaft to Generator
5 Stage Power Exhaust diffuser

Turbine (PT)

From Intercooler

S,

To Intercooler

2 Stage Intermediate
Pressure Tyrbine (IPT)

2 Stage High Pressure Turbine (HPT)

Standard Annular Combustor (SAC)

High Pressure Compressor (HPC)

HPC inlet collector

Low Pressure Compressor (LPC)

First 6 stages of MS6001FA LPC exit diffuser

scroll case

scroll case

2 LMSI00F R % —V¥ ¥

WZEREERBA R Y — €0 2 ZEOEM AL DY
22bDTHb. M2IZAKF AT —E Y OMELRT,

LPCIZ 6 FA #RA ¥ — ¥ VFHen® 6 B2 Sl Y,
LM60000D 1. 7TRE A 243 % 209K g/ B D 2R % EHi T 5o
LMS1003 2 7 24 @ LPC i% 6 FA ORREFH#E I Tl X
N2, BREELZLCICIAZ 2KRT A ENT
%%, LPCHRIIIBORNE, 74 72— 2RTRA Y
=)l r—3 V8P NE, A7)V =7
BHENEEEFR/MET B LI EFTENTEDY, 1/62
F—VDEFNVRBRIZL VBGEZIT-o72d DT, TD%
BEIAT Y VABOT 7 M RRTA VI — 7 —F 12 b,

A= =XV EHEN/BEHIE, HPC AO
AZ0—N =y TIZEPNE, AT T UERE
BrFanryvarNu—Xu AL TR DL
THEY, a7y I HFBMPICLBMELZT RV &
AL TWA,

PREELSICE 5 HPC O ZBRIREIIH140C T, Zh
13 LM6000 & W EIETH 2. Zhbh b, BUTHEOM
FABRFICH LT 0%~ — YV R2HRTLIIENTE 5,
HPC O&E L — ¥ v ZIBFALIC VIR EZ 0 B 37

BRBER 213 2 O D B, D LD YT -
7 = a S RBREER: (SAC) THLIZEHT Y Vv EEBkDO Y
YN F—4 « VAT AT, KIEED B WIZEAES
12 & Y 25ppm @ NOx (0,=15%) DB TH 55 b 9H O
Lo, ERE NOx #RBEss-2 (DLE2) T, ~NVF F—
LFHEEPRAHRNIZ L Y 25ppm » NOx, CO THHT
%%, DLE2iX, £#Dd 5 LM ¥ —XH® DLE #
BEBLHAN B & O GE90, CFM56 & v o 2 ¥1 D GEAE
D& NOx Bifi Z TIcH ket L2 D THhH b, GEDY
O— 50 s Y —5F - & ¥— (GRC) ixEMMME
DR 5 N DLE2BBEY X 57 2 D) ZABROEHRIC
XOVARETOT S A TR LT

HPT % ¥ 2 — Vid CF6-80C27% & UNZ CF6-80E #* &

—9—
Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.

O, HPOR, u—5, BHEE RO CITHEEMIC X
DEEFFENTWS, ZHICK Y HPT EEHA~OHHE)
BREEL, BOWHHZSEEE D VE > TI )V
BERFEAT L 12 5o

IPT i3, HHEE 7L+ TVHEFEALTLPC
EREIT %, PRI,  CF6-80C2/LM6000 & [l Ukt
Thbo 7L F T 7IVMEFIZ, KENEHED DDG-515K
FBREICHHINTWS LM2500AAT A7 —E Y HD D
DEFLEETTH B,
IPTOUu—%, XA57—% 7ty 7)) iz a2
FIY VAT b Ok, A— 85— 7 LT b,
ZDA——aF - TyvkryTYiZ, BEHRBICBY
T24RE B LA ZEASU BB T H B o

NRy—x—¥ v (P ¥, LM6000, CF6-80C207kat
WESL SR CTh B, ¥ VHEE T L—2A4 (TRF)
X, PTOU—% /X5 —% - Tyt 7JENI—F—
Ky ¥y 7h7vtry7Y (PTSA) 2ZFTHHD
TH5HH, GEE D7 L —2MH Y — V¥ v HERICEIT N
Tw3, PTSAZu—»&, FAVTA4A 7 -8y Nl
DAFGAMVHZTE2ELNA RO - ¥4 F Iy 78T
POBEENTBY, GEEDETAE#HLE T L—La87
AF—EUHEMCEOEREI SN, PTU—Y /AT —
¥ 7oy 7UIiE, PTSA ICERIh, ZHMICA—
N—aT7 LHEFETETY— - RY— - ¥V EREL,
INRI7LVFVINEEFENLCREBERIIERSI NS,
F47a—-FLHRaL 7 ¥ OMAEHEIE, GEAE
2 X 522 kEt e GEE IC & BB ERET o MRS
ko7, GEAEOMAEY 22—V OREL GEEOER
BIXOFRFRAY -y HDOTFT A 7= "L 75D
FHEERASHL A S D E N,

22 A8 —0—5 « AT LDHE
Ay —r—F - VAT AL, BASHE, BYE, =7



10

100MW #REHE A X 2 — E > LMS100™ DRE3E

BERHZX &2 -E 2558

ANy a VRREF, BAHSERBIUWNETY — AN
V7 (VBV) YAFAICEVERENE, BYERED
WMEBIZIZTRTCRATF Y LVASEFWTWw5b, LMS100¥
ATFEEA V= —=FHELT, 74+ Fa—7
BRI L A ZBERFR LV TUF - Fa—TH
L B AREHRAEATEETH 5,

ZBEA VI =T —F - VAFATIE, BFICERESH
72747 - Fa—TONRRNVERHVS, Zhi, &4EY

ATHELTHOLNRTWS —RWZDIDLFRTH S,

FHENE, RVATFATE, TRLDONRFIVEA-T
V—AHEEIC BT HHICH LD, ZOBBIEERa Y
FUHIC—BREICHWONTEY, AR—2 EF 725
KO EEFITH B, A AT 2 OMEHRE, REtB
X OHEENL, APIG6LICHEEHL TBY, FHOLLTHE
BAKBOEGRERZFETHDOTH S,

ZBE VAT ADOR R, KefblhnwZ Lhs, £
R RPPAE LI L TH D, BEEIDL R WDT, BT
LEETHD, £B, 4CUTORRTE, 77 D&
BEPELLVOT, ZO50BHZRKRTE 5, BRE
RPHIC, ZBWEscidrl — R L R 2 BBRBH R
TALMAREDLELIEIZXY, REEY AT 1OHRE
LT A LB TH S, ik, K&EVAF
ALFFEOUEIEONE, ZOBE, HHAKIIERER
ROAMMBEHENDLDT, TOHBRILRL TZBRN
ThY, ¥ERLLTERHEHBERIT AL %5,

BEHAFRRIEBEZ =2V - 7Y N Fa2—T O
ThY, ZOREFEMHIFAEDOHRZWEBOEROHAN
Wb, ZDFFENZ, API660E X UF TEMA C IC#H
LTwb,

KEZATAE, 79V VEBLEERNTHB, 72& 2
3, o=y vV 2ETETI >V FTHNIE, HEE
FERTERTE, LTS5 Y MEEBLVLETHAID,
ENHEZHARAI—EUPLEELT
W, W E 72 3EORL THIUE, TOXREGHHAEL
THERTESLL, A7V a vk LTESBRTHRBIZLS

HETHIELEDNTES,

AV—72 RGEZEHTHILHTETHY, Thid,

Tt GIRBE R RBEIET 5,

2.3 Nyr—YDE%Et

AT =V RR3IRT ISy 70— /?W
CEREEN S, ChIZLY, AEORE,SRESINS
LLHIEBEBERMBMTE 5, LM6000D /8 v or — U EkHH
DR O DR RRPLEENT 5 R, BB CHEHO
1500CHOHBIA X & — ¥ Lt OKE%, LMS1000
VAT ANy —VERFHCER L2 GTO R AN
Nor—YR 5y 7 TOURRHETEETD 5,

B AT AEGT FOIAN- Ny r—VRHD R
Fv FICREIND, TORF vy N3, THTHEIIH
AIALTHN, MHRIICHABRINS, B A5 24 -2
Fv N3, L REKEOH2ERBEENL CEBES

—10—

Inlet collector —

LPC

Exhaust
collector

To intercooler
From

" Supercore  intercooler
engine
PT Drive shaft
3 LMSI00YRAFA GT FIA4 8-Sy sr—3

GT Driver
package

«— Auxiliary Skid
F4 LMSI00Y 2525 HEEE

L—MI#EEkiE Db, ToENcL Y, BEEOm L%
HNCERTAM LB COEIAN T BEHOKBRIRAT
s, K4 IZHBEEZRT.

HIEE L EFHEERIIARIEINh TV S, S 512, Mz
YT VIR SN Tw 3 Ful Authority Digital
Electronic Control (FADEC) ##4A& % 3% GEAE O#
BETFNVEFEHATAILICIY, FI3OLNVOTER
G L TV, Sy X272 3EHEEHMNO
Speedtronic MarkVIe T& 1), 3 TIZ LMS100i2%47 L
T LM6000IZEH & T wb,

W > A7 23 MS6000FA Db D2, RiEICFHEER
VNI E, FLRREMINEI 2L, TEOYE
EHL72DDTH S, RV AT LEA VI —0—F «
VATLARIERELLICHLBRBEWRETH LD, NHEBK
MBI ET ZLEDF D 5,

2.4 EFMH LURSPH
AHMIAFLATIZYE-PFL/OZHAL, /8y
=T LHEEBROGBEERICIINET 74 13— % EA
L7zo EBBOESr — 7 VIZERWEE (EMD 12X
b=y MELRDBERE RS Z EHHBH, LMSI00TIE,
K7 7 AN — DRI & ) BT ORI % 90% LR
THEEDBIZ, EMIOWREEZHBR L. 72, B
VAT LADORBMEICRET A LX), RN 2E
B % 25%Hl L, & SIZEBEEOm E2E7,

Download service for the GTSJ member of ID, via 160.16.140.208, 2025/06/11.



Vol.34 No.1 2006.1

100MW BEFE H X 42— E > LMS100™ DB 11

LMS1003 2 7 A DARSFIE, BiERiEHE T 25—
VK, REHBS CHMEREITIET 2T ALV
FFUYAFRTH %, EFHMRTFHE R ERB OB
2500082, F—/3—F— LV H5000085 T 5,

LPCFa7zry Vv ERABHICRTAa—-FICL 2
HREETDHDOAT, RFFEEITCROENZHDTH
D, RIZEERI R RSFERIZE L v,

A=N—aTICELTCIIRER RERIEBLT
IPT B gt L, 2500087 R I IRBIZIE U CTHilsH
HVIIEEREETY . COERIIBS T4 ORETE
WTE 2, BB SRTIEBIUCIPTROKRAE
Va— N EeXEEON—Fr2T L E2RMWT D, A—
NR—a7EPTOO—% / AF—% « Y 2—)Iid50000
EEERHCTTHICRE L — N ==V %75, O
M75 v e @iEd 5720, ¥FIarR—F v bEY)—
AT THRBETEETH 5,

PTu—% /A5—% - 7vtr7 &, 5000085/
BOWTREBICRLAERTFERFIDATH S, ZOFE
Va—iE, A——a7ZR0ALABICEY H LT
BT, BEEMPRIEHLVIZY —AREREINS,

2.5 AT LIER

LMSI00Y AF A idf v —2—5 - YAF L %8
HAY—Y¥ U/ EBEBHROEY + (GTG) & LTHRftsh
%, GTG i3ZBRBEss & NOx sHsRofHEHIC L ), HLr 0
BIRFETETH B, AHEIZ50Hz, 60Hz & b REHE» 2
BL LAV,
2EE2R3KGOMA VI =2 —F - VATFAR, ¥
ORI EHTETH D, A PORBIS Uil
bDERIRTE D, EGHWICB LI UOVEGA V-0 —
SEBHTLIEEOERBOBIMMHAOYr 7Y a v
RETETH S,
RERIES T AKEAPERTET, Thth
FaTNVL—F 4 Y FREFE LTW5 (50Hz, 60Hz 3
o BFIZOoWTIE, ¥ 1 m T85dBA 25iE#, *+ 7
T a v CT80dBA bR TE 5,

2.6 TEE

LMS100Y A5 A DHHTHEA4 ¥ 5 —2—F - VR
FAEoTHA 2 Vo ldEId, 150kW/pps 7 5
210kW/pps PLEWCH L2, BISICRT LI, 20
ZEHS LMSI0Y AT AZHREORBEHAFAY -V
E—REET AR BIET S, MEFOMLEIZE ST,
TN RDOHTRA Y -V CREORIZHLZ EPTE,
HENICHRER A MOKBICFESTHIEBTE S,
H A4 7 V%I D GEAE CF6-80C20 [ A
LHEHTRER: GEE OEMB L 2 BEIE D Z LITER
FEW, BREBREERZA Yy -7 -2 hGHE R
EEEMHBHOERICE 2FHEZEHZEL, LM60004 X
VU LFAREOX I NVEREXMFCELBET °H

—11—
Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.

250
» LMS100 - GClass
Q
2
5 200 -
*®
) FClass
; /
& 150 | /& LM6000
§_ E Class
L72]
100 . , ‘
0 100 © 200 300 400
Power, MW
B5 LMS100% 25 ADHHEE
0,
50% ¢ STIG
*
SAC/Steam
2
; 45% -1LMB8000PD DLE,
g Sprint * SAC/Water
2 & & Trent 60
£ 40% -
wi o
-
§ 35% iatls W501D5A
@ ° - + + X
© Va4 3A X 7EA O XOE  or
GT11N2
30% - r
40 80 120 160
Genset Output, MW
6 LMSI00YRAF A EMDOHTRF— 0
°C
-10 0 10 20 0 40
110
§ 90
oy smemees 50 Hz and
2 o 60 HZ
-1
a 70
50

0 20 40 60 80 100 120
Inlet Tem perature,°F

7 LMSI003 25 4D SAC BREESS TOMERE

sz, oL By, FEHEMILIZ42 0 1, REER
EIZ1380C E L, Y ¥ 7IH A 7 IV TL6% L LD
ERLBLbDER o/ ThiE, SHED DSV VT
VT A ZNVHROGCGERIFAY —¥ ¥ THH LM6000D
42%%10% EE A5 DTH D (K6),
Av&—r—312&h), RREEICLST, HPCA
OZRSREZHHETELZ RS, EHLOFTHREL X
DEWHRENSHARF T A 5, SAC BRBEZF 2 & © LMS100
AT LTI 7T IORT L) ICKRRIRE2TCHRES TS
WA 2MRFTE S, KRRENISTHH32CETO LR



12 100MW #REFIEL A R 2 — E > LMS100™ DORFE

AAAN X & —E L 2R5

HED MIRET I, — RO MZERERR TR Y — >
RI L= ABHF AT - IZHREDLDTHRL, bF
P2%Tdhhbo

LMS1003 R 7 & 33 L T50Hz B & U'60Hz 12
MIT A LIRS TS, Thix, XA—nN—a7k
PT ORICERE S 15 PT O 1 BERZFEEIS L7z
BOLFTEHILICE->TEY, PT DOFETAIZ3000rpm
&£ 3600rpm W HCHRBEE 25 LIICLTWD, M7
RaEBY, MEEHTOREEITS DTHLTH S,

SHTREZL DETREANOELIEEF o TS, &
BRERE, EEMETHo TH LMSI00Y X 7 4 i
NOx25ppm (0, =15% 5, FH ANR—R) HPUET
»H, Thix, FLEEEMN (kg-NOx/kWhr) TR L,
LM60001Z HR30% DR U T 5, T2, HEA X
EMENOT, BMEEOERIICOAENTH S,

F7:, BOANERRORENIEN E ROV E
DT, 50%AMTH > TOIRIIWBEETHD, o
HLDHAAY - Y OEAMTOMELY ST INT
W5, B S 50Hz & 60Hz TRI%TH Y, 7-& %
i, KRIREISES X U328 1281 5 & — RN
H—TRBBLREMET S,

LMS100¥ R 7 A I EESEFHC & 5 5k (STIG)

oC
-10 0 10 20 30 40
130
110
% enmemoesessns 5() H; and
é 90 - e — R 74
et
S
O 70
50 ‘ ‘ 7
0 20 40 60 80 100 120
Inlet Temperature, °F
B8 STIG #H KO KRAME — MR
Cogen Technology Fit
140
LMS106 SAC Intercooled
120 - Verigile STIG LMS100 SAG Technology Curve
E P . - ) Wma‘i‘:ims 100 Aeroderivative
100 LMS100 SAC -~ Technalogy -
=] Steam DLE . Cure P
= P
o S o " Frame
© 60- o -~ Technology
2 - Curve
8 - e =" Frame 68
o iy PR
S T LMB000PD
, - SPRINT3
P
0 T -
0 100 200 300 400 500

Steam Production, KPPH

9 LMS100¥ X7 A TH.STIG #H

AWEATEETH D, IS VRS XA LT
%o X812 STIG WA O AGRIE - 2R T,
STIG DEMIIAR 2 2R MM RO 72 DIMEHT S
E—FHH NOx @ik LTCORREH F TE/ILEIES
N5, BEOBAEIAFEREZ 70 ABICHBT S 2
ENTWEETH B, K912 LMS1003 R 5 4 0 STIG %
AL RIS L ZOMOT AT -V IZOoWTE
AU e ERFEER (11.3Bar, 18T OB ORFET
8L TRT, LMS100¥ 25 & Tlx, LM6000H X
=R 2EDERNNP/ONLEBEZDLED
ARRBERIFASETH S, 7TULAHOEREZRET
52 LIED), XFOBBERARD HVIIEFOHREH
BHONG VAZRBIENTE B, 2L 213, BHE
EXSOEMICIERE L VST AT — VIR L
BRUN 2N, —FH, BHFEOSRVEIC
BRERE 7O AL 2L MFT LI LENTED, &
DORFEIC LY, BR, BRETKICHE L oOREN 2
EEEE T AT EDWEEE 2 B,

F£ 112 LMS100Y A 57 A OFffi & DT A7 LR & PhEE
HEEED T 2DTRT,

3. EAA

LMSI00Y A7 AR Z0OHRBICI VLD TS v M
HICEBTETH L, PV TINVFAL 7 VO — A,
ATV2R =2 arhbbnWEIa N, Y REL VTS
v MR ERHRERISHIETE 5,

3.1 2Ty aon

LMS100¥ A7 HI3FEE LTI Y INVY A4 7 Vo
AR HE L TR s, E—rIcy @l
Twh, .
WAETHEE, RKERZBWTHIZLDEESS ¥ b T,
NOx 5ppm BLF (0,=15%#%) HER SN LIRRT
Hbo TNICIIHMEBIULETH LS, ¥ I A
INDEtE, A —EyBRICLLT, —BRICHRE
ExHMEBOHFARELNT LT 2200RET 7 8
VETHD, LMSI00¥ A5 5 DOHEFIREZH 7% 0 Ev
TeORET 7 VOBRBEELRZVADSVIINEVER
DHDOTHHEERENTE S,

3.2 MOHERE

BOFHEHEE (Co—gen) L FAF—E VT X HW
bitd, HERTANF—-REE S0 AHOKRRRLLEH

#F1 LMSI100¥ R 5 A OWRER T

Heat Rate Heat Rate
Power (MW) | (KVKWh) Power MW) | (KJVKWh)
60 HZ 60 Hz 50 HZ 50 Hz
DLE 96.0 8,015 99.0 7,921
SACwith Water Inj. 103.0 8,225 102.8 8,173
SACwith STIG 112.0 7,224 110.8 7,263
DLE with CC 116.0 6,644 116.0 6,700

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.



Vol.34 No.1 2006.1

100MW REFEH X & — E > LMS100™ DR

13

FARR G #HBEICAH E N5, LMS100¥ 2 7 AT,
X9 mRLz&)ic, BRED BRBERLIE N
W, 40-50MW A A ¥ — ¥ VOHRIANF—T 215
U EoBRMAEONE, ThiE, BREEN 2V
TS5V P TEVECEBREERBIE LSS L2 EKT 5,

7, KA VI —2—F - VAT ATIE, TOBHRT
ANF - 2 KB EKERRLMOBETRILT 5 Z & AT
BT, SR ANE - [ V== FPLDIT R
F— % EIFH L7254, 85%Lh E DG ahZEANER
nEETH b,

3.3 anNA4 KB40

TV —ABOH A Y — ¥V ZHRBENBW - O—i%
W UNL Y R A 7V TEHRENTETH S, 80—
160MW DL ¥ IV Tlaiasl —54% D a v o84 v B
LI NERFIBLNI D, LMSI00Y A F A TR, av
INA ¥ FHA 7 IVEES3.5% DRI TI120MW D1 & 72 5,

TL—ARIHF A —C 2k Bav)N4 VAL 7 v
TR, PR -V U735 Y Mihn60-70%, #HE
¥ — ¥ B0 -40% % FET HH, LMSI00Y A7 Al
EBIUNL Y FHAL 7 IVTIE, 85—-90%DHAY —¥
v, 10-15%0 &Ry — Y v OlihE b,

4. 1REEEER
4,1 A7I T HB

a7 yYrORBUTKE NS ﬂ‘HIO » % GEAE @
EEERBRRETER Lz, o/ TE, avrY
v OWRLEME L D 2Bar OFEH THIEDERIE 2 it
WTAIENTEL, B, y—-Yru—4BLUE
IR 1500 DR 2 BB L 720 BABESR X SAC Bl
2B T, NOx 3k & UCKESMERTH 5, 2004
FEEBESN—BEORERICL Y, HPC & HPT 0%
TIVERE, PREEERERME, REB L UPRANEE, u—4
DOBMELET, BRBDFIIRI 2 ERIMERE & & b ITHREE
L, FTHlOBER»E 5N,

4.2 2AEFHR

HWHEFAEOL Y Y VBEBBR TR -V 4~
=0 —5 « VAT LEREWIHGEET 57:0, #HERR
BEKXFFHAMI ¥y ¥ FER—- MNIH S GEE DRk
PR L7z, 0SB 2R % R T,

RETIX, YV TIAVEAL I VOREFREZMEE LTkt
S CTORFEE EERE, EBRETIERT S, BE
BHRBRFEE LOBHELHERT 5 -0 BGAMNEER
WX DB S D, BREESIIKES D & SAC MBS T
H5,

LPC, # [, IPT * PTou—4BLUORIZIE+45
GEHEEERHRLTBY, A V¥ —2—F - VAT A,
r—VBIONT VAT A EEDTI000H L Lo

VAR

—13—
Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.

B10

REREL, RMNCHEELTERRLT— &t/&ki
HEERHE L CEBER T 2 BME T, REMN%
RETOBGEE AT ) o

RERRMOBR L TH, FERXEEZHET, 2005F
7T HISHIZHI M A EAZ 2o D%, AMRBREERL,
9 HIZiZ100MW Ol %3 L7z, 10H B, R
5OFEE) HER105 % St S HORE, HA%EfH
T, 2005E12AKF CREHEABMEZET TAHTFETH 5,
KRB, TUVVESRY VY FTFOIBICHEL
THROL, BHEORBIBREXfT) 2L & LTwa,
AABRE AT LC, BAMERIZI0H YA AT
THAT & N7z, 2006 IS HEEHEL BT ATFETH S
A, FITIR, BHEREICh2bEREEIT, A
LEBEUFFM DT FETH S,

5. &8

LMS100¥ A 7 2%, BEHEICKE REMELRME
THLEFHREEMCTH S, 7V—LBHT A - VD
TR DY RS Y VBT A Y —
Yo EHAEbELZEICXY, REOZWI Y
TV A 7 VEIEEER FoFREEER L2,
FERTIHABRICE &5 E, £V M TORMABRSEIC
XD ABOMELEZIT o TV FETH %o

2 % XM
Gas Turbine world (GTW); “2003 GTW Handbook,” Volume
23
LMS100™ - GE's New Gas
System, GER-4222, 2003

—

Turbine Power Generation

E it
LMS1003 & OF MS6001id, GE T+ ¥ —DRETH 5.
GE90, CF6, LM2500% % 0°SPRINT i, ¥4 JL - L1 2 |
Yoy« A ynRo—DBEEETH D,
LM6000iE, E4 TN - TLZ b Y vy « H Y No—DRETH b,
CFMS6i%, A7 iBLUERTN - ZLZ LY v s - H Y
NRe—DEFRLETHACIM A ¥ F—F ¥ a FLVOBEBIET
H5bo



14 BEHRZ2—-E L%

it Vol.34 No.1

=

2006.1

R URNER A A Y — Y Ul

LMM%%%f?VF@ﬁWﬁ%&U@%%%O%ﬁ

prp Fbr

TANAKA Atsushi

X ==K LM6000, IYSAL Y RHAL 2N, VTN AL 2, 55BNy r—, DLE,

MR, Ry —E

1. #¥8

VAR, MEEHET Ay —Yr HERFRA 5 -
V) BEHLZEETSS N Bllo—Yzrl—Vva
VVARF L, AUNL Y FHAL 2NV AT L) BERS
WKWBWTELREBEIRTWS, K, =Y v gl
JIIMW 2> 550MW F COMsaR ARy — v 2R L
IRETST M ERREELTHIF->TBY, ThFET
BEOEBREERLTETWV S,

AT, ZOPTRHEOHI45MW K LM6000
HAF—C UV RRALLZEE TSI ¥ McowT, St
BROCERTS ¥ P ~OBEHBIZ BT 5,

2. fiEE LM6000PC/PD X4 —E >
2.1 MEREIZ2—-EC DR

LM6000II i v ¥ v % Bk 2 iR 4 &
Y-V ThHhb, MBI A - 3—RICKROBERE
2EoTnW5,

(1) =%hE

LTV BEARTOM DRI R . LM60000D
BE42%LL EORERE o,

(2) BE - a2 b

MEBLC Y VAL LTHEIRTWDDOT, HEifE
B —IREERATAY - LB LT, RUERNICERRL
PR SHN TS, KFTHMNT S LM6000PC IR EE
7.8t, ©&4.9m, LM6000PD |3 E £8.9t, £&4.9m
LBODTEEPDIVINT N TH D,

(3) BRFoBEHMH

EY 2 — VB TOEMREBEPTRTHL2D, 15
EPRFEIZTEL, DT LiFF—N—F— Dk
WEZ2ELTHZLIEST 5,

(4) BHEHRUEIL

IV Y HAEPEARE RO T, AEE LU
DEAIRIZIR . REHES D 5 105 T EMTEE)
WHEETH 5o

Bt 20054E117 2 H
1 - ITHIWW HRZIV=7)r7rtery—jiE
FEE 7S~ PEER Sudves MR
T135-8731 HEHRIEEEM2 -1-1

2.2 LM6000H R & —E >

LM6000i3 % & General Electric#t (BLF GE &4 5)
BUASMW A A ¥ — ¥ T, FZ#H CF6-80C24 — K
Ty VIV REERMICEHA L, BAEEALERT
WBRHAY = rOFTI, EBRREHEOBEDD &
DThH5bDo MZEHH CF6RIIL VI ¥ DEER~OEH
1, 25MW #% LM2500(CF6-6), 35~50MW #% LM5000
(CF6-50) HBEWCZ L DT T ¥ MZERLEhTEY,
LM6000iZ & DfEHERZ EIC, BEOBELLE
ML EH > CREINZDIDOTH S,

LM6000D mh=MIx, |EH L, F—¥ Y AOR
Eomikt, EMBRYY -V BE0BERNROYE
WA, MERIMZERHATY V0o 78S %N ARE
gL, JIMEE LTHREI LAy — v L lAS
bETWwWAbtZsr%, BKEEHMBELZRETAEES —Y
UHALEERDERY BT VWIS N2 RAT S
TEIWEEREINTWS, 72, 2R 0OEEERA
THZEICEY, BEMICHL, BoAamtkEsELT
Wb kW) BREHEERD,

LM6000PD O ER Z M 1 123 ¥. £/, FEBIZ
UToD#EYTH5,

() HWRNEEKT.

1 LM6000PD #E#E K

2 X By A 22 #Ehsk

JE MR EREEMmE LPC) #hif 5 B
BEEME (HPC) #hyt148

B oBE 2 BRRK '

y—¥r  EHEF—Yr (HPT) #ik 2B

RES —¥ ¥ (LPT) 85 &

Download service for the GTSJ member of ID, via 160.16.140.208, 2025/06/11.



Vol.34 No.1 2006.1

LMBO0OFEE 77 > b DEFiiEAE R V" EREEDEN 15

X 2

BAERE STV 5 LM6000K 2 7 — & i2id, fitsdkhl
DRRBERS % FD LM6000PC &, K NOx MRBES: 2 850
LM6000PD @ 2 FEFEAH 5, LM6000PC & LM6000PD
TP OREAREILR U T B IREERRER S AR D
LAICRBRSTW5B,

(1) LM6000PC

SAC (Single Annular Combustor) & #r3 % BIREAEE
WA LT, #HAY, W WENFTETHY, KL
LS L Y NOx %21ppm BRAF O, @ 16%#MH)
TR TH %,

(2) LM6000PD

DLE (Dry Low Emission) #! 3 JBERIRBRESRZ A L,
K TR ESHE L ¢ NOx % 21ppm G&AF O, & 16%4#
) DIFICHTEE T©H 5, DSAC KU DLE #hbigsn
T B B Al e S

B, Yz 2o LM6000S A ¥ — ¥ v OB, HE
4731 (RSP : Revenue Share Partner) 3 fH-THED,
JERERERIER 7 L — A RO BT 77 4 — x4
ELTWA, '

DLE #ABEZ

3. LM6000FEE/Ny Fr—¥

Ltk LM6000RE Sy r— Y X =% — & LTGE 4t
DRAEEZT, Bat - BEEIT-> T b,

Ltk > LME00OKEHE ¥ v r — Y 2 ] 3 1R o

it LMBO0ORE /Sy o — ¥ DI

(1) A=A IRy r—>

HARY -T2y, BaEBEOATIER L, IREIM
JEEE, FHIFMY AT AEOBEHEIIOVTH Y
=YWL TWab, Ths Bk, av8y
MET B E L BICHRENEZREL, Ny Fr—YO%hT
b+ AT+ v AREREHELTY S,

(2) BB P& VEIEEE

L -CidHiEEE 2 HBRRE L, GE #fOFGEE 2T T
EHLTWwS, ZhICL), HEEERCHBETY Y &
MIedbT5y 7Ry 2 ATR%EL Y, EEEIEL,
POWIHERT 75— — AR RMBETE D, 72, #IH
FEOTEEIT) LT, BELBEEEZERL TV,

(3) HmE

F—=NA IRy =TT HI LT, UHTHET

3 - LM6000ZEE XN v 7 —

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.



16 LMB000FEE 75 > b DEAfEARR EARBOBEN

BAAX 2 —E L #2E

MV EEREREDLIENTELLD, TEXRVAHEE
BEITH ZEHTRETH 5o T 72, BMAETIHHITIE LM6000
KRN —VOBEEBEALTBY, LEINLT
AR E#E 2479 Z LT RETDH B,

(4) BAR—R

Ny r—VREBICHBEEZRE L2V D, RER
R=AANE WV, T, EFLHEIGR/IES NI, EHE
TORBIVTETH 5,

4. LM6000 /NN KY ALV IWRETS
4.1 LM6000Z& AL 7= 75 > b OHFE
(1) BREHEBEIVNE W

WEMA Ry — ¥ U OBEGE, FAF—E U EEER
NIV NRT FThbH, ZHITMAT, EBRED LM6000
HATAHILICLY, HEBRENURA 9B L UERSY —
E USRI O b D TELe Iz, 2N Y Ry
A2 NVT5 Y M EkOBRBRER L REEEIVNE L
D, N=J LICEBELERNDD S,

(2) SIS

REHEI/NE S BEIVNTHE T ENG, REL
HHM2EHTAILENTED, ZRICIMZT, HiEH
HAZ =¥ X, L OHMPMEMHAL Y LItE
DEREMTHY, 4LV -T2 AFTHIL
P TH 5, U TEEHBROMUEZ S TV A5
VTS5 MTCI120 H, AL Y FH A I NT S5 NT
207 REBEE#E LT,

(3) DSS (Daily Start & Stop) DXL

SHEE) - FIEDRE R MEREIT R ¥ — L OFE R
HErL, DSS~ORNEVUETH S, 77 v MEB)R
SO H Ay — ¥ URBBIZIOTUHIC, BRS—EV
LEDTT v b OSARERIZIZN 2 KETHET S
T ENTES,

HABEND X IZBHA v 7 S PB SN HgIcs
W, LM6000THIE T X 540MW ~100MW RO FEE
Friz€—2s4y VAL LCDSSEAPERSI NS Z L
MWD, T—F—DZRREAERISHIBTRETDH 5,
(4) NOx &R RHES

LM6000PC 12K X iZ AR ES %2179, b L<IZDLE
BREERS 2 FFD LM6000PD 2R3 52 L2k D, HA
& — ¥ v I NOx % 21ppm BRFF O, © 16%#8) =¥
W ThHb, 7V EZTICIAHMEBZRET S
ETHIZNOx BB T AL L TRETDH 5205, 0%
BRHBTVEZTOWHBERDRMAAZLNTE B,
(5) AVTF VY ANES

LM6000# A & — ¥ V3B ENDT V87 b TH Y,
BV VR TOEREZIRE L TWAED, XA VF
FUABESTIH b,

ZFRAIMZTHHIE, GEDRETALM VY v
WBIHEHRAEL, Sy r—YBIUHHERIZOVWTD
GE#ORBEZZIT CTHEICHRA - #EL TS, HE

TOEDL BV A—=I—D12THb, ThHOFEEE
ML, BEORAVTFVARENIINY 2Ty TT5HZ
ENREE 2o T 5,

(6) SR IR % BRI RE

LM6000# % & — ¥ > 1d # A M4t LT LNG, BOG,
13A %%, WKL LT, B, 7%, NGL
(Natural Gas Liquid) %% fFHWRETH S, T/, Z
NODOHABE, WERREZOVELTERATAZL D
WAEETH b,

4.2 100MW > NA 2 KYL W TS5 2 b

Wt T ik LM6000PD # & % — ¥ ¥ % H 2 72100MW
AUNA VA INT SV OEH#ELEER LT T
5 v MERORBILE TV, OB TEOMM KL 2
A bOBREZRL/2BBEBELTAIET, KA
TEMNELRTI VMV E2ERL TV A,

(1) tgk

%112 LM6000PD I ¥ 54 ¥ FHA 2 V75 ¥ + D
HReERT .

BEMMFL1%L LOBHREET 7 FTh b,

F1 LM6000PD 2 ¥ X4 ¥ KA 2 VTS5 v+ OMEE

140 Hz 60 50

95 2CE) MW| 50 100 50 100]
HAI—E BB H (RBIK) kW] 40,720 81.440 40,160 80,320
HERI-ERBEH (RBK) kW) 11,800 23,960 11,700 23,700
I;EHE KW 52,520 105,400 51,860 104,020
RBIEEHE % 51.6 51.7 51.1 512

&
ASURE15°C, HHxRE60% KEEN1013hPa
RE . EWH R, LHV 49054kJ/ke

GI) 50MW : HRA—EL1H, BR4—EV1E
100MW : HRAZ—EL 28, FR4—EV1E

(2) HEHEibks
H A Y — V¥ v LM6000PD x 2 &
BEBELR A T 0 2JERAKERL 7 x 24,
EEAR JEH4.6MPa iRE420T
KRB0t/ 13
BEHRSK ENHO.7MPa REE189T
EREEI3/13
ARV — YV I RESEREKE (k) x146,
FEEEN23. TMW
BRI AEHERE vy PAZ Y 2—RA X 15,
H-HEH4. TMPa
KR % ERKRSMAKE X 2 R
BEK AL B 22 E L pAIE
B E AR RmmEGR A7 Y 2 —EHix 2 5
WA K B M BB R
HAY —CVRREGHHGHERE | & — R ok
(3) FRHERIsACE
125.5m x 122m OFHIZ100MW 2 ¥ /84 ¥ K44 &
NTS5 Y NOBRBINETH D, T, BEKERER L
VEMRENAY - 1 RIS EICEMNICHRET 52

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.



Vol.34 No.1 2006.1 LM6000RE 75 > b OFMHELE CERAREOBN 17

wee O
BEn®

il

122000

VNN & CEEP Y |

EES—CLEAHE

125500

K4 LM60002 V8L ¥ FH A 7 VRETT ¥ MRS ER

ETC, RIIBOBRBRIZLAEELEENESTHY, BT
R D 1 RFI$D4T9) T EMTEETH %,

[ 412 LM60002 ¥ 254 ¥ K94 2 V75 v ko
BHREEN A R,

5. EB7 5> hADBERBI
51 &4 -+ FNT—mREFHAEI-P 2L —
DI HEERTE
AEBRMIE, NrazdtH, vl FA TR
7»A-7W1%uﬁ«%ﬁ%ﬁ#¢ 7290z, a v
¥ F3EHM (LM6000PCx 2 &, HRSGXx 2 &, %
ﬂF—E 1 & THER. LM6000PC X 2 & 1319994 3
Rzl X DWIA) FRBEINRTW2, BEDENEE
D70, K77V PRI HI LRy, RBEE
RIIBERAER Y —E VIR SN B, B, 20044F 1
A, BEERAMW, Tob AEBKUE38t 752D
-V Rl—Tar7ror N EMALL.
FEMBEERZIDLTOEBYTH S,
e HAF—EUrx1H
LM6000PC # A ¥ — ¥
RIRT AHE &
s FERRBINAEA S X 1 H

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.

2 ERKRE RS T
BITHS 1 6.9MPaG, 3937, 38t
ERSK : 0.48MPaG, 215C, 8t
o IREHHERM X 1 & (2,238USRT)
— R R
HkimEE A :12.8C/HM3.9C
KTF ML, ¥F—FRGHERZ - R RGHEE
BHLTBEY, TRy -y ORKIREL6.7C E THHIL,
HAZ—E RERTBIR6MW TEE SRS (M5),

5 %4 0Yvy—F87—JiF
HARE IV R —T g VIEBRTE



18

LM%%%%75>F®EW&%EUEm£ﬁ®ﬁﬁ

eHASE
F=at

BAHZZ—-E>

5.2 BXeHANS YA KT F T —HERER
HRA—E>aALIN 2 KA 7 IVEEHRE
A7y MATEEGETORLIERIC, FEHEE
AEEE (PPS) MIFBRMMIEEL LTEBELAHD
1%MW77X®:/A4/}&47w77/}f@50
Wi/ T DLE BRBE2: 2 b o 72 LM6000PD #' R ¥ — ¥
v 2B, HEBEINARA T, BRI —EC V155 MEeE
THERENTHBY, 20054F 4 H X ) BALEEDRIB SN

TWa,

K750 ML, BHOBRKRGHO-ODEHKE 5 —
KGHEREF > THER LTS, TCOHKLMEETS
LT, BHTHLHRAY — ¥ UV REBIBHHUIMW
THEINS,

FERBOABIIKROEB Y TH 5,

e HAFY—EUX2H

LM6000PD # R % —V¥ ¥~

AL RERHT A

o PEELEINAR AL T x 2/
2ERKERAL T

EFEHES 1 5.7MPaG, 425C, 43.2t
EEZESR © 1.1MPaG, 200C, 15.0t
CHEEI—VErx1H
RBEBAR Y —¥ Y (24MW)
cfHEREBEX 1R

KR (FEEEHR)

o AR IR < 2 & (1,750USRT)
& — R 5 A%

A5 v bRANZ, EPW PPS BF100MW 2 >34

b%47w77/b%2ﬁm1%&1%0 NEFZ &
Ashtws (16),

B

M6 #HASHNSIHAS FoFV-HERE ;
HAY =04 v N4 7 VRERE

5.3 %A —F 1 —I7HER
HAB—ESTIH A 7 IIVREBRGE

K77 v MIRBEEEBRE TEMEIC, FEBEE
SEEF (PPS) M BRMMEE L LTERELMA
AOMW 2 52DV Y TN A2 NVT TV FTh b
20034 4 A X ) B EEA B SN TV B,

275 MR, EBORRGHOIDDOGKE 7 —FK
RGHEE M- TERLTWVS, 4 TORKEMERTS
TET, BRTHLH A -V OBRARER7.2CE T
%HL HAY—E ERIBIHIEMW Tl S

% (B7),
i%%%@ﬁ%@&@kﬁbfbéo
CHRAF—EUX1H
LM6000PC # A ¥ — ¥ ~

PR © B E 22T

K7 #HAREET—F 14— 7R
HAZ—UC VI TN AL 7 VEEEE

6. ¥ B

LM6000H A% —E Y TS5 ME, YU TNV AL 20,
UL Y FFA TNV EDBRHRLEET T PELT
ERERAERCTE 2, 4B, KREEHOMEGE|A5T

LRl T, ThET/NY FANFLTH -T2
HEFRHI—-Yzrb—Ta vl LTOFEEDBEM
LT3 LFHENG, RBARBFEERDINY A7 A LHME
bebILIZE), BFR - KIXbOI—-T AL —
Yarro v M eRENAMREL, ERER S TW LT
HThH5b,

2 EXH
FINBHBEETERISH N S0 s
IHI-LM Engine Series Gas Turbine Power Plant
HEE, EREEOH, A BB
1998 Vol.38 No.5, p.291

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.



19 BAARZ—E >

RaATE
F=at

Vol.34 No.1

2006.1

B HUNFET A Y — ¥ B

MF-111F7 A% —¥ v HAONME T »7

——

7 A DB

mA A

ARAKI Masato

F=J=RK:HZAF -, Yy T—~vy FEEHI -V 1 BE%E, Pre-Swirl / XV

1. ¥AH0E
SEBETEBRPERELE MF-LLIBH R ¥ —E Vig,
FWla—VArl—varvrsry o LTEHAT
LWERUEOMAERZAELTBY, ZOHEETAOT RNV
F—ZHOT 2 &L TEKERESE, T RAER
REKAY -V OHEE L LTIEEL TV, MF-111
AR =¥ OMIKHRKZ K112, HEREzERLIC
KT o — T, ZOWERATISEFEIERBRGE L Thr 5
Z D20064F 8 HT204E 2 Mz, RN OERIC X 28B4
KB OBETEL O —FIHDE T2 RERL Tw»
b5, M2 I CEMBENICLARKBHKTOMN LY FE
Rto BEDNELGEFAF - VL ZORBIIHEE L
20, ZOMNEE LTEMBRARIGOL LS4 2y
VY NrY—=v s (EREE) FERTSLILTH
BERELNDLZEHHRAINTWEY, SeCtihzmE
BT LEITERV,

F1 MF-1115 2 ¥ — ¥ v E#EHRE
MF-111A | MF111-B
ZERRNT W) 12610 14570
BEER (LHV 2%#) (kcal/kWh)| 2836 2778
e A& (kg/h) 174600 202900
B 2 mE (C) 547 530
E i 13 15
Wl (kW/kg/s) 260 259
(K&FEHEIST, FI4, RRAVAKE, HERH o R 248t

X1

EiasA+ 20054118 4 B
ZEETEN RBEMAET &Y B
HAY—CUVRERET V=T
T676-8686 WESTHRHEHE2 -1-1

* 1

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.

ARG RO X912, T hEH 2 RED MR
PRADDL D LELY, WK QRN HE L ik
FALDEN L LT, EMREKX O T — 5 ORI
R, FEMLER - EREORBFITER T 5 BEILAIC
L BENELRBDOWMART T )T T v ADWRENE 2
b,

2. MFINAZX2—ECHARE IO 5 L04E#
Z ORI B L o TR T L E o 2R
RE7012, BEKBARAY—E Y TERBOHL VY
T—~v NGHI Y - 1 BEE L Pre-Swirl » AV %
MF-111BF A ¥ —¥Y Y HICER L. ZhiZXh, H
NELTEHAMIZ4L%BWRSEETLITRELE L 5,
MF-111B A X ¥ — ¥ » Tk, BHBADLEICEHREAXE
KEBATZEHIWETHD, BERIIL-oTIZZO

WA E (%)

. I )
2000 3000 4000

EERM (h)

JEAMREE NS & B MR & e BE i ORR

§
1000

X 2

MF-111EF A % — MK (MF-111B)



20

MF-111A X2 —E > HARE O 5 LORSRE

BAH X5 —E 25

B HERNS
X REEN
EXRBERICIX
| — i
HERAM A L :
2277177
‘ e | = HAREIOY S5 LER
SR N ~ < | | EZ\
T~ ﬁﬁ%’iﬂﬁm‘
| e
| |
T~ {
(F)SFHL) /// i \\\\ i
1 N |
RS S B NERSA @ :
(t/h) - ICRHEELTIVEESR
-~ WA BEERTES :
HE |
(HHERTOT S LEREE)
KERE(CC)
K3 MKz X AERMEmE

ARG DOAY) v PR AE[ERBRICEZIRZ S
EDMEETH B, 3T, SEOLNHRNIZL 2 E[E
DAYy FEEEL,

B, TOVY T~y FEHI-E V1 RHHRL
Pre-Swirl / XV H OB ORMAEETHIL, B4 TH
WKTITH - 1 RBEIE - AL - BHLTHER
¥ Pre-Swirl / AVEUT THICI0OHE 2 ET 200D,
EEERIFHHARICERTE L oz md, 22—
WCEoTRRERAY Y FTHDHENVR D,

N bIi HI64EEK, Fr H AR MR Sk B Sl ik
MA #2GT (MF-111B) IZEBEHEA T, REFE#HR%E
R LTWA,

2.1 ¥ 7=~y FAHIA—-EL 1 REE
PEkDy—¥ v 1 BRERIL, FORBREHEZL Y
VYAV PEHICHES TV, BHPROBRWY ¥
=~y FeHEZRATAEICLD, fERLERTRY
ViREZRENZNUTICRELDD, HHEREZ IR
L7720 MF-1114 2% — € V15O T 2E
BOEL, ERTORAICRBAYR TV Y729,
Z OB EIFRERM (THL) 2BV TI500THY
Ay - EEL, TOREUIERSN-BLET
ZTCMF-111A 2% — ¥ VicHBEE T 75 50—
ELCGERTAHEE ol
BIREERSIIBRARSE L, EREL VEI VAV ME
HAERe o THRID A % — MRICEHT bhizf Y ¥
VIR SHENCHHZREEE T TV, o4
VEVIVRHIBTEREEZRESWMABLEND Y, HRE

CHEEDBRIHEATLEY, JOZKRIFMO7 4V
ARDPHIEHENTV, ThE T YT —~v FEHF
RETHHICLD, BROEFEH A LB X Z VAR E
DB EBEDERTH—FT V2355812, BIEDOYY
T =~y FEHRP LD WERTHERZR 2 L T,
VEGHZRBEOKBEER L w5, (4)

A¥—Mi

T4ILARH

M4 &—VYr1EBEGHIEEDLE
2.2 Pre-Swirl / X

1 BB THHEABEZHML 228120, 1R#H
RERMCEDOND I — v ATHRE—EE T2 1
BHETHRATON AREVHNMIZ LA TS, Thic
o, 1BREBROGHFEMHI B L 252, Thiil
9 5512 Pre-Swirl / AV OBE G H 2 RIREERZD
Rk T, BWERMBIIBITS 1EBEOTH X I VIR
ElXR% L35 LTWAh, Pre-Swir / X VO
BEK5IRT,

Pre-Swirl / AV kid, HMEET L5 - T4 A 72
FIESP Sy —E VB HER L BATIRIIY —E U #

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.



Vol.34 No.1 2006.1

MF-TNMARZ—EHIEE IOV S LOREE 21

ST AR SRR
— Pre-Swirl/ X )LiE R % A 12 KB

HES 058 B
TS5 IckYELE

Fa4T1—Hhii—

N S
EHEH R Pre~-Swirl/ X)L

R
\7‘-"&77\“
5 Pre-Swirl / XVEE
[#1 2R~ EaFAS L 2O |
=>4}
B . BRLTORWHAEE
A sexr |[BLTWSF1R70B
™ et
1A
B - P BREEB L,
e (Kt FOX)
[Pre-Swirl/ XL il
Pro-Swits XN ) sezg | Pro-Swill XWTF4X
A JESEHRICIEL T
BNTF 1 ATREME
—— BLTPBLERES,
7 RIS RO 1= RS
FH5,

K7 CFD 2 & % Pre-Swirl / XWVJE H DL FidE A

BOX) R ANVTERIITAAZ ERLNVORESR
5252, TRYEVYZurzRb L, BoFoBOE
RICED V- UV BHERBELZ TP T —EVEHRD
FIFEER E2RALDT, Yoy bV UTHESR
A 1500 CRAB A R ¥ — ¥ > THERI D 5,

PERD X 512 Pre-Swirl / AV EWEA, ¥—E ¥
WHZERIT U ORI A EER S 2 5T,
FARAZIZHATHEICIZDER R T4 A7 DEHRE
EETMETEHIIT 1 A2 ZEREML TR LTI
ERoT, MBRELTIY—EVHELZTRATLIHIIRD,
IHERVEYZOAEHLTVWS, (X6)

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.

M8 CFD e 7V

B9 WY v K

—HT, MF-111ETAY -y ~O#HIlHzo T
BRKBHTRAY -V TERODLRER ) ANE LA,
BEa A b, MHISHATEIREE, AMEIHETLH
HOYE THBMAMNKE 20, WEE SR LIHFLH T
FHRVWEREEVD-12R, BHNRAR ANVERK
MRS EE S AMEZIRA L TWwb, AR THER
B8 @ Pre-Swirl / ANV iz I F CIZERBPED - 72 5,
ZDOYEREIZ D W T CEFD 4T & s ) 7 3Bk & THREES
BATy TRESAT, ERIGERL .

2.2.1 CFDMIF FAMIZ 8 ABRMICERE S
Pre-Swirl / AV S L7z 7 — € v EHIZEEADN, &
JHAORZETHT4 AZICHRAT ABICHEICHEES N
LINEI)DEORENRH o720, RTIRINLIEER
CFD T & 2 WA T b JA 5 ) CHF 8 e 400 1 78
D oY, BEOEWRAREHERL . RIEEEFN
1%, Fluent TEML, EAMEFTNVICIErk-e ZEHL
TWwhb, S IZHITEFNVE, ROIKEEZY Y FER
T, 77U v FEIZ550K, AFtA v ¥ 2 813620K (23
T %o FATHEBUI I L CTL/8/ 45 2 B- 72,
2.2.2 EEUITER KoYy r/uriRBER0AL
R 2 & B LSBT 5 7 1 R 2 REAREOEHER
Be R T 5 R, WA SRR Clhllg o — VB
EBYHWT, VIAFX—NVEFLTY FRBEERKL
720 (K110)

MINCRBEEDOLA 7Y M 2RT, ABRTIEY—¥
VEHERE V- VERE KA EMBR Y V70 Ot
WL, MERLY 714 ATEHI L7z, EROBETBIERE
9660rpm 2% L T, #BREEE o & K M ik #0113 4000rpm
LERICHE VA, TR RBICBY B IEEL A
NABIERTBEZ 1 X100 LT, REBEMZ1
x 100~ 107D # P TITIFFEE & L7z Pre-Swirl / XV
BWHATHRCTOM ML 2 O LIZ V7 A—F TFEIL 72,
J XNVERBIE, BrE¥ a2 pglimshns g v



22 | MF-111# 2 % —E > HAEET O 5 LORS

AARAX 2 —E 25

IAWERTHI LR, OV OELES S X
VEHIZCXDHREN R rax e Effie b,
) ZREBECORHIA Z M2 UK 2 1R,

Y 7R AVEI LA, ) AVEE, J XVET
BIEI, HMEEER, PFE (Pex) %HR4ICE LI E7:
SMECEMRL 720

Rr¥ v 7ozl EosHIEE BREO k% 450
Pre-Swirl / ANV L ER LGS, V VR BOERE
B 2 X MISIIRTE Y 71 A 7 EHUE R & Pre-Swirl
J ZANVEEREE D ER - 2 EE OB RSN,

10 A&7 —NY 7EFIN

52
J— o O LER (i)

I ENERESR
AUTLR

@ —-

FUT4R

MEHES () HESA~

M1l REBREELVA 7Y b

AHIE SR ()

12 U S EEREH A

T4 RAVIEREREL, SRR, EERL 4 2L,
AL E P L RBOBBTRE NS, (BE W)
B, JAVHEOPSL Y- rFs A2 RAOKES
Pre-Swirl / XV O 22K 08 J5 ) 5 55 % B2k iX
CFD fENT#E 82 SHIE L7l % BTl L Tv 5,

T2, ¥—-ECUBHEROFT 1 X7 FARENEEIC
DWTH, THIMUIRTMHY ¥ — ¥y GHER ORI HIN
B EEN Y — T A R EFAEL B IAT
BANE L DR AR L 72 SHICDW T HEIRDMED,
¥ =¥y 4 A7 RANCBIT B Pre-Swirl 2 A il
22D R FF K HEE 12 CFD T S S #iiE L 72l
ZHWTEHE L T 5,

ROy 7aZElRE, ¥ — Yy HHERORERE
EROCENEEICEALT, ZORBRERE ML CTER
TRESY — Y UHHEREL BT 5 Pre-Swirl / XV
VAT LA R EM L7z K151 MF-1111 IS8 H L
7z Pre-Swirl 2 Z V%77,

%2 FHNAY R

EHAEH Jug 4 %
i 23
BT (P) .44 S
£E (Pt) 7
ot 14
e 3 1) 74 22 & BEHA
wrLy 1 MV A= X BEHA

1

0.9 '_

08
B 07 I
E3
=2 06
§ 03 |
E 04 |
E o3}

02

0.1

0 .

0 0.5 1 1.5 2. 2.5 3
FARIBRBRE ~Pre-Swirl/ XILEBF R
X113 Pre-Swirl / X VEhEEHAKE R

14
& 12 = C =
L4 ne ® o, * °
& 10 : .
L4 e
H g -
H
i *‘ o,

3 : ﬁ

;‘é 6 ’ Ah ‘..';,'0
k 4 2 ol
g X3
[P &'

0 - - ,

0 0.5 1 1.5 2 2.5 3 35 -4 4.5
REBAFARSEE. T RIBE ’

B14 22K - 74 A7 RS & ERRE OB

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.



Vol.34 No.1 2006.1 MF-11AZX 2 —EHARETOY S LORERE 23
—-_——— R R
L wg—~y RAKE
o
1y
g
2
e S
A
g
g
15 MF-1111#i} Pre-Swirl 7 XV
# 3  MGA2400/X-450D1b2 43k 700 - 800 900 10000 1100 1200 1300
Co|Cr | Ni |W/|Ta]|Ti| Al 4—E> ARRE (°C)
MGA2400 19 [ 19 Bal.| 6 |1.473.7{1.9 . . .
: 17 & —Y ¥ 1 ERERE X ¥ VIREFHIE R
X-45 Bal. |26.5[11.5 8 = - -
/ / N N
!7 | . Pre—Swirl :
% -T==F JRLAD
|
lF‘re—Swir&
"""" T /XA P S 3 S

K16 & —¥ > 1BREHEX 5 VIREFHIAE

2.3 Z—ECE1RIER

Tx =~y FEHS - 1 BRBRORHAIZL>T
P A AMBED LRT BB T, FEBIZE > THHERK
WCHRTHLVWEETICSbE3NA I L e b, 4, &
BIZIIBERM TH B Co 2D X452 5 Ni x> MGA2400
AT LT B iR R & 1) b S 7B R SRS
BAEA L THBY, REERBFERRICEOREE RS
BFETH D, 3312 MGA2400 & X-45DMLF 3K
ZRYo

2.4 RIB4FERETAER

BRI ORE, y—VYr 1 BBERTY—VY V&1
Ben Bl BRICBE L CIIEE o X 7 VIRE S B L T, %
PENLUTTHY, F 72 Pre-Swirl / LVEIEED I
DWTHFEEEIZIZ-HLTBY, SHoOEHmES
075 AOBEEREMERT A ERTE I, K16, 17121
F—Y 1 BRER XY VIRE, K18, 191213 Pre-Swirl
2 ANVEYESOFHEMER UTRHRERT

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.

[218 Pre-Swirl / X)VE Y EHFHAALE

— — =i &
- — Ewmi
[
<
N oo e e e e e o
[m)
H
=
I
D
e
R
tH
0% 20% 40% 60% 80% 100%
H 51 [% Load]
K19 Pre-Swirl / X VHI#EE S a2
3. hELE

FrH ARG REEK S RMATER WA #26GT (MF-
111B) 2B WT, HIFEKICEKT vy S VLA 574 7T
075 AR HERATEV TS 2 FHOARHIBFKD EM
FREBIR U RIFIZ 2 DORERIIOVWTHRINLTEL
o TWwWh, B, #1EIEL-BHAIZBW LM
HEHEREVTWA,



24 MF-111A 22 —ECHARERT DY 5 LD BAAH X2 —E 285

HLTL ba7 4y bClE#RNE LTHRE®RY O
WO ERRP RO BART TS T 2%, MK EH
Fy AL —FIZL o THBNHERDOT, BER7T7 ¥ b
OBRERALL, FFHRT SV FOEREEIONCX
LBFBLIZEMTEL DO LHFEL TV D,

2 EZXH
(1) E. Akita, et al, “Development and Testing of the 13MW
Class Heavy Duty Gas Turbine MF-111", ASME Paper
No.87-GT-37.
(2) Wk, M3, 12~16MW EEMREST R ¥ — ¥ v MF-111,
ZEETHH Vol.26 No.4 (1989) p.311
(3) J. Masada, et al., “Operating Experience in Refinery Applica-
" tion of the 13MW-Class Heavy Duty MF-111 Gas Turbine
B20 # B A0 ik SR B S v e B A Engine”, ASME Paper No.90-GT-182.
MF-111BEF A ¥ — ¥ » (4) TANAKA et al, “MF-111 GAS TURBINE UPRATING
PROGRAM”, Bulletin of GTS] 2005
(5) Th. V. Karman, Ueber laminare and turbulente Reibung.

RAEHALIC X B WIMET I, WRT 4 v 5 — AR ZAAM 1, 233-252 (1921); NACA-TM-1092 (1946)
LABRBEOEZZDNHEITONLVWIOTHY, BHEIZ
b E ) RN CRZOBENFEE L 2D, ZhIC

—24—
Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.



25 BARARZ—E

ah At
b i N 1)

Vol.34 No.1

2006.1

e CHUNERAT A & — ¥ Bl

FH7HF L20A HA¥—¥Y v ORFR L EHFp

S SR

TERAUCHI Koji

F—T7—F:L20A, FRAY—¥ Y, 3FE, =Ivay, BEME FK F4 794273 b
L20A, Gas Turbine, Efficiency, Emission, Reliability, Maintenance, Life Cycle Cost

1. FU&IC

TRV F—HRRH OS2 S T AV X — L E B
Ia—vai—vavoREENET A, duh#l
HAZ—E kb a—Varb—=—YaryBIFarn
4V FRBIYATAIZOBENREHHRIZIY SV
MO %ED, BN CEADSEATYS, F72, H/hE
HAY—CvOBEEILICLE T v MEEBYEOE
B EFHREISh TS,

WA CIZ19834ELISR, BHABOEEIAY - %
FHEE 5B EHEBRM PUC ¥ U — X% W5E L400E
I DEREND B, HAY—E ORI S
HEW=—X L, SHOF/NEFTRAY - VHBOEE
LB AR, REHO20MW BBy 25—

> TL20A. %2 BF L20014EICHBIRA L (F 1), L

K1 L20AFTAF—-YY

BERSf 200548115148
NISE TR FRAF—Yr - BiEh = —
HAZ—EYETRRALY §— EEFRAS YV HEME
T673-8666 BHAWIIGHAT 1 — 1

* 1

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.

F*1 L20A F=EHET
Hh 18,000 kW
B 35 % (LHV)
[ERE 9,420 rpm
FEALE 18
PERUREE 545 C
S, NOx < 23 ppm (02=15%)
TIvza~s CO < 25 ppm (02=15%)

*ISO 4k, JodteE. KA X

sk, NEFRIZHEE L CEHOERERAER TV,
L20A X AALB S @ Kawasaki # A ¥ —E & LTit
BEBIPOREHERTH), TNEFTOFAY—F
VERE» OARIMAE, BRI X B mHEN T Rk
FICHRH L T2, $72, BARABRTIREEOFTIEHE
Hfrz B LEREEZHO TV, '
T Tk L20A OEAMNEES S L 2 o@D
WY B,

2. L20A H X4 —E > DTS

L20A WHRBHICHAL-ERBEROIMA 25 —¥
YT, UTORE»H 5, BUIEEHLERT .

a) €S 4 7¥ A 7V b

HEBTAY —E vk L TRRAKEDBARZE)E L g
BMENUCE L 2R ABEICLD), 3V b L—
va v VAT ATREBHESI%ULLE, 2NV FY
AT A CERBWNEHATIG D EOFE TSV MRS
ha, 77, BEEBERSOLTA =YY VA MEH
25 LR, BRORFMLERY SRES oML &
MEFS>TAVFF UV ATAPRBERLTVB, T
Iy, S 73427 vax bEERLE,

b) Ex3Ivav ‘

L O EFIRESREET R L 2RO FEHE L N —
AVZBA% L7z DLE (Dry Low Emission) #RBEgs & HRHE
BRHAL, 50~100% 8 T NOx, COHHZEHELL
BBIELWIAY—E U TH b,

c) EfaRatk

L20A 1%, EWAC60GE2 B2 5 HEREE 17077k
MU Lo BEBERIEHOERESDH HTMW BT ¥ —E
v TM7A) 2 R—AIZEHE L. FAY—EVOREK



26 ATYFL0AHXZ2—EORR & EHES

= ==t
iy

AXAGRE2—E

\,
A
il

2 L20A Ot Lot (M7A ko)

Wes, REMRRETH, BT, BEEHRL2RE-—:T2
TETEELEREPMAL L20A OEFEELZED TV,
L20A X EBELRERDODH DL MTA ZR—IIILTWD
B, TP 2 BBRICRALTWA, MIA L OXH &
W) BIE A B ATz L20A ORREF L OR# AR 2 1R,

2.1 EXBE

M7A LA EZ R —E L2AMRE 2 R—28 L
THBY, THEEHLFICHLETE (M3), YTV
POEBEEAERET, BHEEOBEEAYTFF Y
AMORSEHERL VD,

PRT 4 7 2 —FIXIENREREEI RO B AR5 L9
CHAEIIC L VREI L7 Z0ME, HXHIZEWY
FA T a—F oo PPRINOENEEL/NELT
BIEWTE, FAZ—VY U OMRERFICHBL TV,

=) L20A l M7A
iy BBt
AF-HE [m] L66xH27xW22 | L37xHL7xWL5

HE [ton] 14 4.7

FERERS 11 By

PRBEAR 8 A 6 fi%Y
- 3 B 4 Bl

M7A

X3 L20A & M7A o#ERE (FH—A7r—)

2.2 [EiEts

HHTIE AR MTA CTHERE L 7238 5 3 T Mo 12 i
Z, ZEBRIWEN (N4) % EREFTOMBTEM %2 8H L,
EHAEREHFLOOD M7A LR CIEBRTL ) Ew
JEAH18% EH L7z, MRS EHEBRZHER L TH
EHIHEREZ )5 Tw 5,

T/, ERBBRBEHICEROEAY—JICLBF
EITmz, AFEXoFEMEBRRESTNFE (K5) %
B LB RILRELE T 2 EEEE RO TV 5,

5 BRAEMERR JusNIE By RARE FH

Download service for the GTSJ member of ID, via 160.16.140.208, 2025/06/11.



Vol.34 No.1 2006.1

7YX L20A A EZ2—ELORREE EHESR 27

2.3 #—Er

AR & FARIC S B RAVRNT 22 &I X Y BRAMEREH %
D, ¥—EVBE 3SBICHS LMoL wik
gt Lz TRRKC, 759 AREBOHMKERL TS v
PIEREBT A0, ¥—E Y AOREL21,160CH
51,250CIZE 72,

¥y —YrORMbEERT 5720, BEEMENS, X
D ERBEOENHAGE AL, PTH 1 BRBR
BE D7) —THEORERV—FmER (DS) %KM
L7:e X512, BHBO 1, 2BEHRICIIBRTOGH
By EM, FAEBRREICIIES Iy 7 RoE#T—
54 v TBCR2ELL, 4HxIEE2HDTVWE, T,
O — & ~OWHZEFAIT P Iem 2 XV & 3T, $HIER
I % 2 RARR T A E R IR L T A,
HHED X 7 VIREIIEHEBEN TR ER O X
5 BRE & BUREBG BT 2R 0720 FHl
HSEE L Ao 7245, L20A 12132 - kO — K@ (X
6) FEEHNEMT A2 &5 0 S HRME AT R
otz 72, EHEFHINICE, BUVRIETORERN
HURER A a X =712k AT MW7) 2&AL, &
HoF#LE N> T b,

H6 5—VC U EIR B ik RN b

(BRSO A 5 VR
; ) Bladeq

K7 ¥—EYHHE /S 0ir—FHREHIOH

2.4 AR
L20A OREEEHIZ, MTA LRIBEROEZI » v a v ¥
BB & WAME % 18 2 72 S B o E TR A E 50 DLE

BRBESE 2 BT 5o T4 F EIRICHhRICIAE) - KA
ﬁﬁmwvﬁ/fw%~¢mbfﬁﬁx7—?%?EA
I ANEZFONAFE EICS VT VAT -5 RTFREE
ZWﬁRﬁéh1w5oitTﬁLﬁﬁéntﬁ%%%
B WA XY FIRA ARG MRBE B H W B E AR #iEH % 3
KLTWb, K8 IZHBREAR— bOYEZ [ A—TVERT,
BREERIERIX, A VT TV AREREEL 6505 8 1h
B L7222, 2 DO BRAKIER A KR & EHE 12
I BEKFRIIMIA LR L TEHWEREEEZ#RAL
2o 72, #—EUOBANERRT 20BN AD
F— ¥V ARESHTH b L HRETL TS,

DLE Range

== NOx, CO Level

Load (%)
X8 DLE #Bess MBEA T —¥

2.5 s - BER

L20A TIEAEIHIMEIC, EA 7 ¥ 2 —)v, s,
PER A A TSR O 3 D OHIH N — 7 O W) % BRI
Yoz 277 V—HlHEZH/CRAL, REHRETO
R A ABEOBRE R ERZIHT 5 & & bIC, HHEE,
RERICAPD S TEIC-EOMET £ TORELT:
WHENDATRZ B LIk o7 (K9),

F 7z, JEMRPETT R IC X 5 2R TR HI 1 % R

WAL, B5AMTERREZRS LIERIRERT 28
Z, 77V MAREREL RO LHHHEZEH L Twb,
120 1200
100 &ar‘terOly.rt --------------------- 1000
1'% [ R U S WA M A N ¢ SN S S 0

H : Fuel Vahe Posrtlon ¢S]

L 1 0

30 400 500 600 A0 0 80
Time (sec)

9 BE7 7 P18 GREEME))

-0 0 100 - 200

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.



28 ATHHFL0AHRAZ—-ELORERE EEREN

BARARZ —ELFRE

P, HERSERE, IREZEDL72DDOZEL
MISATHET D 5o

3. LOAHXA—ECDERES

L20A FA ¥ —VC VEARETICLEY, a—Y i l—
YavIYAFLPUCISOB LU YN, Y FREBY AT
A PUCS250/PUCS500 % 2001 4E T84 A L, 4ft o
I—YxRlb—Yar54 rFy S E500kW B 550MW
T TR 720 THHEALK, HHES T LER-RZ
BEOEN - RE 7T~ v FICFRRICHS Lo RE % %E
VAT ARIREL, BAREFAEETL20A ORAER
EERTVD, TITIE, BEIYZATAEZHHAD L, &
HEBIZRBNT 5o

3.1 RESZXFL

PUC1801% L20A #E /Sy o — ¥ & MERPEE AN AR
49 BEERE L2V 2kl —Ya Y VY AFAT
Hb, VATL7O—LTEBRKIOBLPE2ITRT,
¥ 72, PUCS250/500 (E11) X PUC180® 1 &%, 2

HAG~¥

S EdER P

i 2&

K10 PUCI80Z—Y xRl —YayP AT A

# 2 PUCI80F%EH

FHH PUCI180
FEEH ISR 15C) 17.3 MW
EEEEE 36,000 kg/hr
WaBuhg 81.3 % (LHV)
ERIEK G 1.96MPaG. fafn

K11 PUCS250E #FL i B

FRINIRPI VIV AT AARRY —C U BEEBEE 1R
Mz 72bDT, ZOHEHBRINEAS FIZHERZ
Ei#r L TwWhb, YAFA70—rTEERXI12, K13
BIUERSITRT

INSDY AT AL, 7T AREKED AR ERT?
T 7 < PRI # L 22 HERIRE % 30 L20A % v
LZZEIZEY, VIAREDT TV MIREEHRL TV 5,

$72, VAT AOTEREEBERH BA BRI A X —
AELTEY, 2o, ERMIBIT2EERTRAY—-¥
COBELRFERLERNMERE TS VERBREEDIL,
VAT AEROBEEEHDO TV 5,

R AR -y B |
i tokss ks

K12 PUCS2503% A7 2 (GTLRF+ ST1R41)

ey [ e
BT 5

i1~
o &
Kk

M
Wy R R ﬁz:svwl:'l Ree

Sl MR -

P k5 >z
K13 PUCS5003 27 4 (GT2%R%+ ST1RF)

#3 PUCS250/PUCS500E%H

IHH PUCS250 PUCS500
HAY—E A% 15 2R/
BRI - B wHY) 18 18
CCPP FEEH 1 &EHE 15C) 25.0 MW 50.2 MW
FEBIER 47.5 % (LHV) 47.6 % (LHV)

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.



Vol.34 No.1 2006.1

HTHFL20A HRAE4—EOREEEBEHER ’ 29

3.2 EAEH

L20A R ¥ —E Y O@HAEHEZ LTI 2 28T %,
1) JIGET BT/ Y PUC180/PUCS250

LUHHATHOHRBERMO—> L LT, HEEEIX
KA T EMZ7PUCISOI— V=i L—Va vk’
20014E10H & W BHBMB L 72 (K14), 75 ¥ FEEDIE,
LUTHOZARANF—-FEOEBN T LS, BRTIRIESE
BEICHY T 5, DLEBRBERICLAETI v ra T
AN RBEE2HTAH LX) NOx B 132, 3ppm
(0:=16%) LTS, BFHBKICXL 2LV
PEHEHHICHE LT 5,

HALEOT AN —FERIEHIAE L, ALHE
HOBBOT AN F—EHERIIS KB L O BIZL
T\, ZOOBEHIRFISIORTEHE Y- DL %
Daily Start and Stop (DSS) T# 5 Z &A%\,

EHRMGLRE, NERICRE L-BRE 2RI TBY), &
R 2 SRic X VM ZER L TE 722, K16(220054F
5HOT T v MEMEKIFCERL 724 —N—F— L TD
HAY =y EERMORRERT . FHEREOMR,
BICHEOH 2 ERIALNT, BEOREMEIHERS
N7z, 72, BRBHIZOVWTE—EHEF LTI 7L
THIBRAEIC X 2 B ORGP 2 —T 1 v 7& D5
M2, MANENRIFTH LI L 2ERL TV,

P, AFERML, YTHOELLIANVF—TA b
BB L ORENEREREETENE LT, BRAY—E Y

14 JIIGETHA T PUCI80

b 4
HEE I R

7:00

s
N
{

L7 li;ﬂ'l" ” ’;;;; L2 0:30 12400 13:30 'I_E;Il'n' o i;; T

K15 JINgE TG T PUCIS0EE /3 5 — ¥ 4

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.

ZEMLTI VN, VR A 7 VRE Y AT A PUCS250
WAL, HAOBIMHICEKIEADTE L MTA W
A F—¥ v &fis 7z PUCTOPLUS % R %, 2005
ESALVERZRBLA (K17, ZORMeEIC X
D, BIEEEN2,450kW, HHRAKRE20t/hr L2 D,
FROBWHAA 5 LMAGHLET, THICLLEN - 8
DRBENTG Y ANKELL BT AL TIHOT AN T -
RICEBITHIG L7z X D BEEN R ER21TR ) 2 &A5C
ELYAFAE LT,

2) BIEFEAT PUCS500

KELBEN - RR TV FOZEHIIHIETE 5,
PUCS500% @H L7z N4 Y FRIZ—-V = 5 L—¥ 3
VU AT A%20044E 6 HICHEREFNICHA L (KM18),
AV AT AL, BERMEARER Y- re2RATHIL

BEETF v 2N AT R M

F16 JIBETYHTE L20A F Ry —E Y
A==k - EEERHRDL (20054 5 H)

65m
(TR L. 2005 S8
17 JIWGE LAY PUCS250L 4 7 b



30 HTHYFL20A HXZ—EOREREEEHES AN X2 —E 25

WX ) BEEICA DY RBERROEER I EET,
BEWEHADIA DOV EEEICB W TREET
HHIEEHEET D, 75V MNEDIIAREEN
49,540kW, RERIFAT 4%, BREREITHEK60t/hr
Thb,

$7-, BHGEANRY—VICHTAEELR TS~ M
MWz, AEREASN5MHHES 2745 DCSICE A
BB E THIRTREE LTWwb,

4. BBHYIC

LA ABEE L 72 20MW B EzhFR 4 2 ¥ — ¥~ L20A
X, 2—Y xRl —3 a3y Y AFAPUCIROB LN T >
NA Y FEE Y AT A PUCS250/PUCS500 & LT IEER
GEAB L OEHOE#EEBARER TS, 4% HiE
B3O SRR R & BE L2 — ¥ kil % 21T,
SR = — RICEBKISHE L2 BEEREEDOB WY AT
LARERITR o

WIS HRRE L AT AR BRI 7 LTHREL
20MW #H A % — ¥~ L20A X, ZOMEOE S LK
WNEEDHEH D HIRBEMEOFRICEBM L T Z
LR EN S,

2 ZX# 18 PBIEKLAT PUCS500
(1) & FF, 20MW#HTF A5 —¥r TL20A; OB%, FET

1485
(2) Sugimoto, T. Development of A 20MW-class High-
Efficiency Gas Turbine L20A, ASME GT-2002-30255

—30—
Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.



31 H

W& HNFETRAY — ¥ Uk

AHZXZ—E¥5EE Vol.34 No.1

2006.1

ATHFHAY—EY Y MIA-13VY) — XDOBI% - Fiitl R,
MR FEREF ORI

F—TJ—K:IHRAy—-¥r, 3=Vl —var, FHETFR

1. EUSIC
ﬁ$ RKHBLERZ EARKESHZ, FEHRE
BOBRETA2BEPD L oTH b, EEHRERE
fu,Qﬂ*#f%f%é_a@ﬁhwféétb%ﬁ
PRNEVWEW) H EPOHT AT -V REZMOEE
P TWb, F72, FEASESTL EBHOREM
WROLHETH L LHOEHERERME LT, REARD
INEVWHRF - UMEBESNTBY, ERHkERE

WZBWTE, FEHFEHBE LTOBHTIASY - 5%
BERMOIZIMAZIR TV S,

NBETHETIE, hoDOHHITHIST 5L 19764
CEANVMOMEED A5 — ¥ ¥ SIA-01% Bighii & 3 2
IEE R ERM PU2002 EEIL L, FRUREML 2 H
73 ISR EREELQTE 2, BE, FEEH

S ERAM TII R K H J152006W, HHBERM TIX
I8BMW FTRBERILL TS, K| TiE, EHEEL
BORERL LT, FSLLRIERICMAERZHIZLT
Wb MIA-13D6% - Effrddk, RESFIRBRET Lo
U3y yEFERO MIA-133 ) — X, BHEIC MIA-130
ERERICOWVWTHNT %,

2. MIA-132 U — XBEREE"

LrTIiE, SIA-01OBASLIME, HMAOZWMME €2
M1A-01, M1A-037% &I EFEHBRERMEEESY -4
b & UTHRC T, HHiALTE2A, 1980448
BREPSEBEIANF—FED—DL LTHRF - U %
FRLZI—YaRrb—2a vy Y ATFAMNEESINIZIL
Wi2e 020, FEEHTRA - & LTEEREA
T2 MIA-03% X — Z{Z1500kW B HH R ¥ — ¥
MIA-13DBFICI98TEN HEF L, 1989EICTHFEA
ZHMBL 72,

MI1A-13i%, ERBOSMOEZMTR L UET L L
CEEhREmESE, FRAKE Lo EarE-
EOHND L) MBOEE, YRORIFEMIC LS EHE

B2 20054110 4 H

JIIFETER HRI—EVYEVRRAEVF—
BEENRAY — U HRR

T673-8666 BAAT)IIEFHT1-1

* 1

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.

LAY

HOSOKAWA Yasufumi

FRIE, MUEREE, P2V IV

ORAZEXY, BEERI - ELTHREMY
T 5 AOUBEFH o o

LA TIE, 19894 TR A L7z MIA-13% RX— X
2, A GHBERSERORERGICHIETES L)Y
BBz EDOTEL, MIA-I3OBEREE,»S 14
®iZix, Fo AL 2 NVFRXFT R F - M1A-13CC
ORFBIEFL, ENFIOEETT b & UG TH
WICERIE, THANER - BROMREIT - 720 19954
ZiE, BREANERT HNETAFETRARESLE
#|L 72 MIA-13D 2 WA L, 20014F 1213k E T
BOELWAY 74 V=T IHOBEN 2 HHMEE T 5 —
CVHARTZ ) 73 5 AR OBEEMRBERS ISR A R & —
¥y MIA-13X 2 BEILL 726

3. MIA-13DEET

M1A-131%, MIA-133 ) —XD#EBEE LB H A ¥ —
ErThb, BOREREME, HHBFEICL ) BELBS
ORFat, BSEEELALZDDOTH S, MIA-13D
WERROBEEERZN 1, 212, EEETER LIRS,

3.1 ERiEE
A va—=5ik, EMi- 5 - R EomERE
A=y Ay T ITEEL, 1RKOEERELVIT

1

M1A-134} 8]



32 . ATYERHREZ—E L MIA-132 U — XOR% - fifiit, EEXEFOBN BEH XL - CFRE

b

—O-®

2 MI1A-13WrE K

HoOLTr8ELBETHL, EEBIMRTI -V
BB HAICEZ 2 EE L 2 MOMZFEETH
Bo W3R, HEICXVESVEZ, WY HZEELE
EWFIT TV 5B,
(1) HEAEk

FEMIREERIE, 2BROBOCEMEB I TT 4 72—
LR THY, EHA v RIIIBEF T v EELH
WZKEAL YRS THY, BEE LTEREER L
(2) BREESF

ML RO BE R & AR ISR L, KR - ARG
& D NOx #FEH L TWw5b, NOx fEiZ84ppm (0,=
0%) FTERBUTBETH %,
(3) #—Ev

SERE Y —CVBRO) b, 1 ERHRRLUE 1 KE)
BEABHBRZERAL, F2BRURIHBESGR L O BGH
e L, HRAERERPRICHZS XHRETLT S,

3.2 MIA-130# 4 BREADOERER
(1) BEZHAL

MIA-131%, ZHEOMEICHIETERTH 5o B A A
13A - AEM - £T0h - B2 ERE LT, ThoBAHC
ETHayY —HA (6 BHFAE) - WHI WV EETLHEIE
HAX+DME - 3 v Frt— Mz EORBPHEHTEET
Hb. T, TRHBRBOF2T7VHAKRDTETSH Y,
FEERECIIHARREHC HBIMICY Y b h BEh otz
B4 5ZEHNTE D,
(2) RA& - {ERMEH X ORRBELHE

B VOC (EREEREH) 2B8ART AR,
DF T REUHI T X 2V 22O RBEBRHABE L % B,

F1 MIA-13EEFHIT - Wik (IS0 &)

e BARE SIS (2 )L 180K
[T fat 2B @It
A—Ev SR 7R X
PRIGEES HEER
TR 2B E s
¥ AR, &E ZRERGE
BRI B kW 1570
BOEBIREBE % 25.8
ERRE kg/s 8.06
BESAREBE °C 520

EALE 9.4

T EhEER rpm 22000

B EoTiZAYTFF VY ARBPEL & %75
MIA-13TR IR LDOF A ZRFEBE LT, RN
THIENPMETH S,

4, REXMICBAZ2—E >
I-YxRklb—¥a vk, FERHRERMICESR
BEA ZREED R L S BREEN TV S, FICHER, KB,
T-Heh EOFRTHERB O Z OJHAHIB T, ThETOK -
ARSI L 2ENOx AR TRMLTELVLNLFE
THEDELL o TWb, ZOHES ARFIMEIZT T
R, FHTEAETFREBBFEBREAIZA Y-
M1A-13D K Ol BBRBESRIE BRI R & — ¥ >~ M1A-13X
PEEL, BREffoTWVd, RZXEFNFNOF A
Y —EVOELERT .
(1) MI1A-13D FaiftkE?

M1A-13D i3, MIA-13%2X—R|ZE% 3N, HETF
BEMSE2: (DLE BBty 2HBL T RAIF—EYT

Bbo WA AW, KERAAB, HIA A 3B L O

FFEBARIC LD, 19954F 15 IAT S, DIRERE
BH OB LWETHRZ ETERAINTVS, B3I
M1A-13D Bfifi % /R 5

M1A-13D i, ~ I F /83— F K NOx #iBiss &
M52 ET, #ROK - ZKEHICT X 54 NOx R
WCHAR, Y2AFAPHEI R 5720, TR N VP
BEE LB, VAT ALKROBEMEN ML Lz, MBS
WE I RE SO 2 EfET, NIIIES#RT—7 4
VERRBLTWA, MIA-13OBREER L LT, HRBE
B AT EROBIRIZFE U TH 245, BEEEHRTOWE
B E R LTRRRSORBEZRET 570, BREEH
BOBEFEE ML, EREHLMEICL TS, BRIEHR
BHERI, oMoy bN—=FHY, ZORFEMICS
KDAL VN—F BB L TWA, F2FREHROT
HIZIEARDBWEEN—FZHEL TS, INLD
N=F % 5DDFN—TI55F, =¥ T VEAMOBMIZ
vy, ZNEIEBNT A= F V=T O EHRT
LT, IRWERERIZ b7z o TE NOx Th2%EE L7

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.



Vol.34 No.1 2006.1

HITHFHXEZ—E L MIA-1320) — XOFA% - i, ESETHEZOEN

33

#2 MIA-13D, 13X FE#ET
M1A-13D M1A-13X
PRI A =X HEFRAMAG AREIREE
PAF HAR HR

NOx (0,= 0%) ppm

75 (75~ 100%& 171

9 (70~ 100%£& 77)

CO (0,= 0%) ppm

35 (70~ 100% 8 %1)

%gﬂtﬁ —

l

|

/
/

X3 MI1A-13D Wi X
BBEPITZ 5 K HHEL T 5,

PEH NOx B, #Bv A4 A BEBEREIZ75ppm (0= 0 %)
YT (5%&MULE) Thb, T2, JHMbMETERET
HY, FOB NOx fHIX150ppm (0.= 0%) LT (80%
afmLlk) Ths,

(2) MI1A-13X BtiftAE®

M1A-13X 1%, X [E @ Catalytica Energy Systems
Inc. (CES) OBA% U 7-MfReEs 2524 (W& :
XONON™) #fEf L, CESIAt& B LZH X
F—¥rThb, MERELRATAZLT, FRAF—
U UHARTHEENOx 2 EH L7z, 19994 X ) BSICHE
F L, 20004127 1 — )V FRABRZ R T, 20014F & ) BpE
EL 72

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.

BoORMmE N kW 1570 1495
TR IREAHEE % 25.5 24.9
TERRE kg/s 8.02 7.92
HSHRBE °C 530 524
EAhL 9.5 9.6
F EhE ERE rpm 22000 22000
HEH NOx fE1%, 9ppm (O;=0%) LT, COfHEiZ

35ppm (0.= 0%) LT (ZNnENT0%AMYULE) TH
D, WRMN TOBETI vy a VEERLTWS,
R TIE, RIBEORESGATHHEETEERL
(BRIE) DR TH L7720, BRPDEHR L BEITR
TTRILDLTAERT AT —< IV NOx AT LA ERAEL
e T/, —BRALKRE (CO) RRBMRILAE (HC) @
BELITEAE RV, o T, MBERESIZBIEICE
DELVWBHESFRO—DOTHELEE-THLBETIE RV,
FRERBE D W TR B TERT 2 OfZE S T wiziz b
Mbod, FRY—CrofEis LTEMEIZES &
Do 7zDEFUTOERZM T ULENRD 72720 Th 5D
2%, XONON™MZZNoLDOMEEZ 7Y T LAV ATF A
THbo
OARTRIE P D 5\ Al K OV 2RI 70578 il B o0 B 58
— VARG 1 O B A i BRI AME L, Wit
B AT O A IR MKV A%, XONON™
TREBMEBREY 257 2 2RAL, BREAORE
PMEROWFTER ARG OB ill, BEOBVHE
VW BIRBE AT O Al 2 BO i L, BRAR 7 il B 884K
ZURBE L7z FRTOZBRREEY X574 TlE, it
BT A L7238 % S50 8 5 72510 T,
BRI O TR TRMES R SE 5. Th
ZEh, MBEOEBNREZKMZ S Z LhTRE L
%Y, EoRFMLIRN,
@l B E BV E W RO B 5
O TRRIZ, BRICHZRIEZ SRV &h
LbtFIvIERAVLIDONR—BTHo72H, &S
Iy 7 3 BE BN EFITE v, XONON™ ¢
W&, FlEER & AR & IR ORI T A 2 &
W&, ZFREROBEEVTWD, 2F 1, JEfil
B EZ RN ARARIITIE L 2WiolEEIME L,
CORERIE D HFREBHEINE, Thick D,
F D SRR & U Tl BVE B ISR O 2 Wi B &
BEXFEPRAT LI LA TEEE o7 T/,



34 HTHXHXZ2—E > MIA-132 ) — XORFE - HMEH, EETEFORN BAH I 2 -EFR5H

FEMMBLTIE 2 N B R AR, MU 2 M 58
BEH AHHOMBUAT LY, ZAE—RISISBAT LR
ER T

X4 e Y2 1%E, K512 MIA-13X O WH
MR, MEREES X, HIOBRE MIA-130K
BERE L FIRRIC LT WA D, AL oDy 7kl
LAEDIY Y YRR TH S, L LSS
BERKEITH L7720, MIA-13D & 5 ICRBERTO
RS R HE IR, PRSI Xy o — VAN
TR LEFTBLLLEND 5, K612 MIA-13X @
Ny = VEBREEIRT

AR BER L, PRRBERR, TIEES, MRGEE, SO
Hth, WA NABRHEAR» LR SN TS, fllix
HHREOEHRTRITIIERILL 27z, TS
T2BRBBEHFRNOGETREBFECLIVRER T THRL,
AR ~EA, MR L LD ZBETH LD
TIPS R IR TR ARSI R BE L, SR CRRABEL
: T o T BRE S E AR IR IS B W TR —RBEIC X D,
TEBRT S, 00, THBRTEORE I T50%

AT =75

TAE FOGHEARONS L O REFEN T 5. [MHRBERT
TIITIE, A RABRBARMIRITONTEY, By
B3 B R LAl D T C AR — BRBEDS V] BE 2 IR EEHMS
fb IO 46 HBNBHEIHEL T2,
HAZ—¥ ol &h s NOx i3, £ TF RS
THRET LY, HHTREGBHESRITL D NOx 0%4A
SR

INA IS RAEKHRA

5 MI1A-13X KX

6 MIA-13X 5181

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.



Vol.34 No.1 2006.1

DIHFHIEZ—-E L MIA-13D ) — X ORFR - FKifittsg, EGEHESORBN 35

2R/ANRICHIZ TV b,
5. PV U Iy ZFBL/-EBEEMNERS X
2—-E> :

HAY—¥  HERETIE, BHEESOBRICRET
LEKIVIDOHTAY - V2 R#ET DTS
RO S, @A V7 3ERICIEY T ¥ 0T
THILTHRAY - UADOHEK VT DIEERFHINT
Wb, LaL, SOFRTIZITEYOBEIIISHY 2
A2y, ZOMITENMEIMITI RV E W) RED
350750

ST LTI, BT AMB, KT A, THY A,
HY=a bS5 vAIvvasvBBLERT, 2oy 7Y
VREBEBELTIVZY Iy ¥ NERBEREBRL,
MI1A-133 Y = XICE&EEH L, a2 B%H L 72

5.1 BMIL2Z YRy 2OEEBRE
P2 Y Iy BRSNS 7y FERFEHL, Th

ZREREPIRICRE L TWh, fZE PV ZIZMEICL Y

WET S, WA MVIREERO7T—-EDTO®EY TH

bo ERETIZMNVIZY Iy 7 OBIEERT,

(1) FHAEERIRC, ZELmENM U ED MY
BB LSS, 79y FANE)REREN VL
EDOMNV I EBF AT - IEREL R,

(2) FHBEDP LT ms %, REREBATEOFLKR
HHC & ) RERENLIS2G 2B L, Rk DERE
EWT %,

(3) B2GRABUC & Y HERAIYIN D L20MK bV 7 HHEH
SN, 79y FIIEBNICEES LEMAR To &R
REL %5,

(4) WEREERRE BERRATLIZLICIITED
HERREBIR S,

5.2 MILIU Iy ZEEEST—4&

(812, BERBEICHAAMENITZBOY 7 v F Al
e ZFNOREBROENERT. FRAF—E i
MIA-13%MEH L, KIEPLEFIC L Y BEMFKREZED,
HEBRE T o720 52GIES A ~—IC X VB L, HMERMN
121200kW AE &5 D & L7z

REROKER, 77 v F AL HHE O BEHICEA
HELTBY, 77y F2E0, BRIV 2 ZHBELTY
LT Wb, BRAWESDLH0.280, 52G % B
BLBEMRE»SYVEEL, EEFEL LN 1D
1200k W O HAHE iR & 2 %,

REBZHHATH LT, @ik 394 7 VERRE
ER L7 B R TDH 5o

6. E&
(1) WAER

£ 312 MIA-13Y ) — X OMAERETT (20054
3A3HER . RPorEa—YorLb—Ta vk

—35—
Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.

FLZY I H
T j\'ﬁ pr= g 3114
AR o b 3 590

i
4
GT TN

YTy FHED WALy | [ @52G ik
@27y FEES | DE BRI,

BHEE W, A

K7 Mz R

LR e ey e

g

e{amn |

HER (%N
8

ST

b S T e S
B (sec)

8 M2 IvIEEKT—5

i, ¥—2hvy NHEBRM, oYU HAE LTHIA
ENEBEHTHE, MITIEIMIADY A YHBETH S
e, VY VEAKOBMBUIETR TL00H5Z2BR 5
MIA-133 ) — XHSERH EhTWw 5,
(2) F—N—F— VER
M1A-133 Y — X1, HH#ARRIZ L D F— N —F— )b
EIRRESIN TS, mdEWDH DT HSI 216,000
BRI, O/H #32,000: R TH 5, Z i3kl kk
DY CRIMERIC—E O/H 2 ThbNh b Z Ll b,
EEEK - EIRERERA S, BREEER TH B DX
YT F Y ABICREIA v FF R F TICEBRE B 2
BHDIOVTEREERL TV D, '
1990SEANTEICHIA L7280tk Cid, BEIC X ¥ 79~ A A

#3 MIA-133 ) — XA FEHE

E®N a5
M1A-13A 136 164
M1A-13D 20 9
M1A-13CC 6 1
M1A-13X 0 6
MIT-13A | 33 2
M1T-13D 2 0
it 197 182
#E 379
HAL . A



36 HTHFHZAZ—E > MIA-132 ) — XOBI% - Fifitht, EERBEZEOBRN BAT X2 —E 225

¥ HSI%&t) 2S15H%ZBZA5D005H 0, Kk 7. BbhUIC

fI45100, 00005 R 2 B2 5 d D D HEHFET 5. Wi Tid, RIMTHEAL 72 M1IA-133 ) — X DA

(3) HFEixrT—% b, WA TIIRKISMW %o L20A, % HRET
M9 ICETHITHB T 5 MIA-13D 19994E B> 5 20044F 13 RA5200kW O M1T-33% &% BB & h BEL

FCOEEERE R T COWHIE, B2 ZRE L LTWd, ZhbOMEICOWT b RS, iAER
T 2R GEEEEY OB TEOEL) HEETH 5, ECE H AR - B R R TV b,

HiZRPT X2 ERT 2720, BFELOF—% 240

TWb, BVWEATRTHOEHKETH 5o KL Z2EX®

138,000 CD A 5 F ¥ RJFTH o 7275, 20024F O IFREE, Yxv b FRE—EHESER, (2004),
£ D16, 0000 H~NERL T2, SO, HRETS p.185 o

TV A CEBSBRITHY, BEb My ¢ RERE, amdeAbma s, Toldo Ro.2 (1959,
< D.

Thse 3) RERE, 79—z iLE—, (20025), AATHML

EROSR FRIzED,
ERH P B
‘ * | AT F o AEEE | [semmn |
d e
1400+ R
§1zm‘; .
.
& 1000 -
§
& 800
& : ﬁ 1
i . i :
1 T e
200 ¢ i
[} ] ‘ mw ; ‘ ;’ :
-5000 0 5000 16000 15000 20000 25000 30000 35000 40000

BEAR 00
9 RETIZBIT A MIA-13:EEF—%

—36—
Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.



37 AARHR &2 —EZ25

Vol.34 No.1 2006.1

| Fefinsm S =

RAZOH A —EVIZEBEIAET A= 252 b= a ¥

Co—generation of Digestion Gas By Micro Gas Turbine

R EE

HAMANO Nobuhiko

Abstract

Ki# —"

OHASHI Yoichi

RE

KODAMA Naoki

Digestion gas derived from drainage is renewable in nature and thereby does not contribute to the

net atmospheric concentration of the green house gas carbon dioxide. Digestion gas composition is 60%

methane, 40% carbon dioxide, a small amount of siloxane, hydrogen sulfide in general. Especially,

siloxane is harmful compound that is volatile organic silicone compounds derived from shampoo, hair

rinse, etc. The conversion of organic silicone components to the abrasive inorganic solid in SiO; in

combustion would cause damage on liner, turbine impeller, etc. MGT co-generation unit with

de-siloxane unit was running under continuous maximum power up to 80kW. Operation pattern was

DSS (Daily Start and Stop), or continuous running. Periodic inspections at each 500hrs by approx.

3000hr were conducted: No affect by siloxane were observed at each inspection.

Key words : Micro gas turbine, Digestion gas, Siloxane, Co-generation
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Table.1 Componential analysis of digestion gas

Raw gas | Treatment gas
CH, Vol% 59.4 60.6
Main co, | voi% | 385 377
component

Cco Vol% <0.5 <0.5

0, Vol% <0.5 <05

N, Vol% 0.8 1.1

H,0 Vol% 0.8 0.3

HyS ppm 149 <0.1

Harmful

component NH; ppm 0.14 <0.05
Si0, u g/m3 <20 <20
Siloxane | ppm 2.8 <0.01
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Fig.5 Performance of emissions
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Photo.1 State of digestion gas test at water treatmentplant
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The Development of a Gas Turbine Combustor for
Dual-Fuel of Liquid and Low-Calorific Gas

AN LTI = Ay R BAT

KOYAMA Masamichi FUJIWARA Hiroshi

Abstract

A dual-fuel single can combustor for the Niigata Gas Turbine (NGT2BC) developed as a
continuous—duty gas turbine has been developed to apply to burn both digester gas and kerosene. The
NGT2BC output is 920kW for continuous use with digester gas and 1375kW for emergency use with
liquid fuel. Digester gas, obtained from sludge processing in sewage treatment plants, is known as a
biomass energy resource that helps reduce CO, and save otherwise wasted energy. Design features for
good combustion with digester gas included the good matching of gas injection and swirl air, and
decreasing reference velocity. Niigata found out the good matching by CFD analysis and atmospheric
rig testing.

Key words : Dual-Fuel, Digester gas, Combustor, Gas Turbine (Niigata Gas Turbine NGT2BC)
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Development of a Dry Low Emissions Combustor
for Niigata 300kW Class Recuperated Cycle Gas Turbine Engine

W A

FUJIWARA Hiroshi

Al IEEY

KOYAMA Masamichi

Abstract ,

The authors have developed a liquid-fueled, low emissions, single can combustor for the RGT3R,
Niigata’s 300kW class industrial gas turbine engine, with the goal of satisfying the most stringent
environmental requirements for distributed power generation systems in Japan. This paper describes
these development efforts, which included non-reacting Computational Fluid Dynamics (CFD) analysis
and combustion rig testing results.

A lean premixed, pre-vaporized combustion concept is used to minimize emissions levels to meet the
strictest emissions regulations in urban areas. This combustion system involves two pilot burners and
two main burners. Each burner has a set of counter rotational axial swirlers to prevent flashback into

premixing tubes. Main burners are axially staged from stable pilot burners’ flames.

The emissions target is less than 20ppm nitrogen oxides (NOx), 50ppm carbon monoxide (CO) and

unburned hydrocarbons (UHCs) at dry 16% O, correction for kerosene, while operating above 50% load.
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A Study of Performance on
Advanced Humid Air Turbine Systems

HIGUCHI Shinichi*

ARAKI Hidefumi*

ABSTRACT

HATAMIYA Shigeo*

MARUSHIMA Shinya*®

Comparative studies are presented to determine the effect of the turbine blade cooling method on
the Advanced Humid Air Turbine (AHAT) system performance. In AHAT systems, two kinds of
fluids can be used as a coolant: air extracted from the compressor and humid air. Three types of

turbine blade cooling systems are evaluated using the in-house heat cycle simulator. As a result, the
thermal efficiency is improved 1.7 percentage points by using the humid air cooling method.
The possibility of remodeling a typical mid-size simple cycle gas turbine for use in AHAT systems

is examined. A remodeled AHAT system, which can be realized by adjusting the compressor intake

flow rate, has 1.3 percentage points higher thermal efficiency than the combined cycle system using

the same core gas turbine.

Keywords : Gas turbine, Humid air, HAT, AHAT, Blade cooling system, Water atomization cooling,

Recuperator, Saturator

1. INTRODUCTION

Gas turbines play a big role in power generation;
they may range from small-scale private power
generation sources to large-scale combined cycle
plants for electric utilities. In combined cycle plants,
which are the most efficient of current technologies
for power generation, the turbine inlet temperature is
increased to enhance the thermal efficiency. However,
gas turbines with a turbine inlet temperature of over
1,500C are difficult to develop because of extensive
increases in coolant consumption and NOx emissions.

This situation has led to promoting improvement of
the heat cycle in recent years. Heat cycle using humid
air is one change that can be made. Various novel
cycles such as Humid Air Turbine (HAT)", Cascaded
Humidified Advanced Turbine (CHAT)® REVAPY,
and TOPHATY have been proposed for highly
effective operation by combining the regenerative

* Z DFICIL20034E IS S N7z IGTC TREENLZDODOHFT
BIZIGTCRYBRARIVEEDOH DO HERBLAD
DTY,

Power & Industrial Systems R & D Laboratory,

Hitachi, Ltd.

7-2-1 Omika-cho, Hitachi-shi, Ibaraki-ken, 319-1121,

JAPAN

*

cycle with humid air.

The concept of the gas turbine system using high
humidity air (HAT system) was reported two decades
ago. It is thought to be suitable for distributed power
supply to a combined cycle because of high efficiency,
simplicity of the system, and applicability to
co—generation. Many theoretical and practical feasibility
studies were made, and a small pilot plant, EvGT in
Sweden, has been put tests operation recently®. It
seems that developing a new gas turbine with an
intercooler would give the highest performance for the
HAT cycle.

The AHAT system is a system which uses existing
mutual technologies and aims at high performance
equal to that of the HAT system ®. It is suitable for a
typical gas turbine, which is widely used for industrial -
small-size to large—size machines.

This paper presents comparative calculation results
on the AHAT system performance and especially
focuses on the influence of different turbine blade
cooling systems. All results are evaluated by the
in~house heat cycle simulator, which performs mass
and energy balancing based on enthalpy calculations.

All blade cooling systems are based on data for a
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middle-size gas turbine. The basic AHAT system has
a conventional turbine blade cooling system which
uses compressed air extracted from the compressor as
coolant. This system is compared with two other
AHAT systems. One uses high humidity air as coolant,
which is humidified in the saturator, for all turbine
blades, and the other uses high humidity air for
turbine nozzle blades and compressed air for turbine
rotor blades.

remodeling

this paper - discusses

method, which converts a typical gas turbine to the

Moreover, a
AHAT system. Comparison of performance for typical
gas turbines (simple cycle and combined cycle) and
the AHAT system are also described.

NOMENCLATURE
znN, nR the n—th stage turbine nozzle, rotor blade
AHAT advanced humid air turbine
G mass flow rate
LHV lower heating value
P pressure
PR pressure ratio
T temperature
TET turbine entry temperature (defined in ISO)
WAC water atomization cooling
W specific work
n efficiency or effectiveness -
Subscripts
c cooling or coolant
g mainstream gas
th thermal

2. SYSTEM DESCRIPTION

Figure 1 shows the conceptual plant scheme of
AHAT system. The AHAT system is suitable for a
typical gas turbine system, which is widely used from

A, Exhaust Gas

Symbols AC  Air Cooler
Comp Compressor Eco Economizer
Gen  Generator Rec Recuperator
Tbn . Turbine Sat  Saturator
Comb_Combustor WR _ Water Recovery

Fig.l1 Conceptual Plant Scheme of AHAT System
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industrial small-size machines to large-size machines
for power generation. The compressor does not need
to be divided for intercooling. The water atomization
cooling (WAC) system is set in the air intake duct of
the compressor, and fine droplets of water are sprayed
there. Some of the water droplets evaporate at the
compressor entrance and cool the intake air. The
remainder evaporate while being compressed in the
compressor, and they suppress the rise of the air

. temperature. The compressed air comes in contact

directly with hot water in the saturator and it
becomes humid air with 100% relative humidity. As a
result, the flow rate and the specific heat of the
working fluid increase, and the turbine generation
power increases. High humidity air flows into the
combustion chamber after it is pre-heated by the
turbine exhaust gas with the recuperator. The high
temperature combustion gas is discharged, after the
turbine is driven and the recuperator and economizer
collect the exhaust heat. The exhaust gas that exits
the economizer contacts directly with cold water in
the water recovery system to be cooled and the
moisture is condensed. The exhaust gas that exited
the water recovery system is discharged into the
atmosphere from the stack after it is heated with the
exhaust gas heater.

On the other hand, the air cooler and economizer
collect heat from the hot gas and supply warm water.
A part of the warm water evaporates by coming in
contact directly with compressed air of the saturator.
The temperature of the remaining warm water has
dropped because it is deprived of the latent heat in
the evaporation process when it was taken out of the
bottom of the saturator. Finally the water is sent to
the air cooler and economizer again, and used as a
heat recovery medium by the high temperature gas.

Figure 2 shows the concept of the WAC system.

Fuel
Generator C"%’@L Turbine
L/
-]
Air Intake .
Component@ Spray Nozzle :
$ oo 00" |Airinlet Duct
A 200
0 o ° ) (DFee_d Walt_erd)
emineralize
i 2%

Fig2 Water Atomization Cooling (WAC) System
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The spray nozzle which provides atomization of the
water (Sauter Mean Diameter: 10 microns or less) at
ambient temperature is arranged in the air intake
duct that is located in front of the compressor inlet.
Some of the droplets evaporate in the air intake duct,
and the air becomes humidified air of 100% relative
humidity before it reaches the compressor inlet. This
process and the density of air increase provide
humidified cooling and the compressor intake air flow
rate increases. Fine water droplets in the air evaporate
in the compressor. As a result, the compression work

(a)

Extracted air cooling

(b) Hybrid cooling

(c)
Fig.3 Turbine Blade Cooling Systems

Humid air cooling

decreases, shifting from adiabatic compression to
isothermal compression. This shift is promoted as the
atomization flow rate increases.

In the AHAT system two fluids are considered as
coolant for gas turbine hot parts. One is air extracted
from the compressor which generates the compressed
air the same as in the typical gas turbine system for
combustion, and the other is high humidity air after
the saturator. Three types of turbine blade cooling
systems, which are comparatively studied here, are
illustrated in Fig.3: (a) extracted air cooling, (b) hybrid
cooling and (¢) humid air cooling,

Figure 3(a) shows the extracted air cooling system.
All turbine blades are cooled by compressed air
extracted from the compressor. The coolant piping is
the same as in the typical gas turbine. That is, coolant
for the nozzle blades is extracted from slits facing the
outer wall of the compressor gas path and it is fed to
nozzle blades through external piping linked to the
is
extracted from the slits facing the inner wall of the

turbine casing. Coolant for the rotor blades

compressor gas path and it is fed to rotor blades
through the path inside the rotor.

Figure 3(b) shows the hybrid cooling system. The
turbine rotor blades are cooled by compressed air
extracted from the compressor the same as in Fig. 3
(a). However, the turbine nozzle blades are cooled by
high humidity air which is humidified in the saturator.
This system can be realizable by remodeling the
coolant piping for the nozzle blades.

Figure 3(c) shows the humid air cooling system. All
turbine blades are cooled by high humidity air which
is humidified in the saturator. In this system since the
it
necessary to provide a supply means from a still

coolant for rotor blades is also humid air is
system to a rotation system. Thus, the rotor structure

differs from that of Fig. 3(a) or Fig. 3(b).

3. ANALYTIC METHOD

The in-house heat cycle simulator evaluates the
performance of each system. It performs mass and
energy balancing based on enthalpy calculations. The
thermophysical properties of fluids are obtained: by
JSME“™® The steam tables are based on IAPWS-IF97.

In many cycle analyses, turbine efficiency and
coolant consumption were held constant for simplicity,
but in fact the thermal efficiency of the gas turbine
strongly influences the overall plant thermal efficiency.
Thus in this study, the gas turbine performance is
calculated in detail; the row-by-row turbine design
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code considering aerodynamic analysis for the turbine
performance, thermal analysis for the consumption of
coolant flow and reliability analysis for stress.

3.1 Turbine aerodynamic analysis
The aerodynamic performance of turbine cascades

is calculated using the Ainley/ Mathieson/ Dunham/-

Came and Kacker/ Okapuu (AMDC + KO) loss
prediction method®. Additional total pressure and
dilution losses due to mixing of the coolant flow with
the mainstream are obtained from one-dimensional
analyses for conservation of mass, momentum, and
energy for each cooling and sealing flow ejection.

3.2 Turbine thermal analysis

The consumption of the coolant influences the gas
turbine performance. Thermal analysis predicts the
required coolant flow rate. The coolant flow rate is
calculated from the given peak gas temperature and
the maximum blade temperature, assuming the
cooling effectiveness curve for the cooled blade, which
is defined based on in-house experimental results. The
peak gas temperature for the blades is calculated from
the combustor traverse number which gives the
temperature difference between the maximum and
average gas temperatures at the combustor exit.

Zo7 :

° 06 Stage 1 Nozzle Blade (Impingement + Fil

&2 T(Cooled by Humid Air ] =" o ——
foo — -
004} -

2 - Tg_]zvlade
503 | - o= A
[0 Ve Tg_Tcaulan[
=02 | -

AT 7 (Cooled by Extracted A}

201 | /4

5 0.0 ' . .

@]

(&) 0 1 2 3 4 5 6 7 8
Cooling Flow Ratio Gc/Gg (%)

(a) Nozzle Blade

= 0.7 Stage 1 Rotor Blade(Serpentine)
% 0.6 {Codled by Humid Ar ) _
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g 04 | _
g - T Thaa
B 03| -~ g = e
E l / -~ Tg '_]:oalant
8’ O|2 B /
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(b) Rotor Blade
Fig4 Cooling Effectiveness Curves
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The cooling effectiveness depends on the cooling
scheme, the states of the flow field and the properties
of both the mainstream gas and the coolant. The blade
cooling effectiveness curves shown in Fig. 4 are
defined using two assumptions: advanced cooling
technologies such as V-shaped staggered turbulence
promoter ribs and serpentine cooling passages are
used; and cooling effectiveness for the high humidity
air is obtained from the preliminary cooling design
with the condition that it is about 20% higher than
that for the compressed air extracted from the
compressor due to the gas properties such as specific
heat, gas constant, and thermal conductivity. Figure 4
(a) shows the cooling effectiveness curves for the first
stage nozzle blade, which is made of single crystal
superalloy and is cooled by impingement cooling in
combination with film cooling system. Figure 4 (b)
shows the cooling effectiveness curves for the first
stage rotor blade. It is also made of single crystal
superalloy and cooled by the serpentine passage
cooling system employing V-shaped staggered
turbulence promoter ribs. The solid lines in these
graphs show the effectiveness curves for high
humidity air as the coolant and the dashed lines show
them for compressed air. The effectiveness curves for
the other blades are also defined in the same way.

3.3 Compressor work analysis

To predict compressor work, the evaporation profile
within the compressor gas path has to be calculated.
This profile is calculated by using the CFD code.
Details of the technique were reported by Utamura et

" Figure 5 shows the evaporation profile within the

al
compressor calculated. The simulator employs this
profile to predict the compressor performance and the

gas conditions.

100

| Droplet Diameter

o]
o

0Duct Inlet ’ L Exit
-02 00 02 04 06 08 10
Compressor Longitudinal Position (-)

Evaporation Rate (wt%)

Fig.5 Accumulated Evaporation Profile within Compressor
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4. RESULTS AND DISCUSSION
4.1 Performance of the optimally designed AHAT
systems

All results are calculated under the conditions for a
mid-size gas turbine shown in Table 1. High grade
supperalloy is used for performance in this study.
Figure 6 shows carpet diagrams of the thermal
efficiency for AHAT systems with different types of
turbine blade cooling. Each blade cooling system has a
different turbine entry temperature (TET based on
ISO) and pressure ratio, the components are optimally
designed for performance. That is, the turbine
cascades and the compressor cascades are designed to
be suitable for each TET, pressure ratio, mass flow
rate and etc. The thermal efficiency and specific
output increase with TET in all turbine blade cooling
systems. On the other hand, specific output increases
as the pressure ratio increases. The optimal pressure
ratio at which the thermal efficiency is the highest
exists in the systems with the same TET. It becomes
higher as the TET increases.

Table 1 Design Parameters of Main Components

Gas Turbine

Type
+ Single-shaft, mid-size industrial
Inlet duct
* Ambient condition = ISO standard condition
* Pressure loss AP/P=0.009
Compressor
* Inlet mass flow (excludes WAC) = 100 kg/s
+ Adiabatic efficiency = calculated
* Pressure ratio = 18 - 24 (surveyed)
Combustor
* Fuel = natural gas
* Combustion efficiency = 0.999
* Pressure loss AP/P=10.04
Turbine
* 7280 rpm, 4-stage
* TET (ISO) = 1,300 - 1,450°C (surveyed)
* IN = single crystal (SC)
2N, 3N & 4N = conventionally cast (CC)
* 1R & 2R = single crystal (SC), unshrouded
3R & 4R = directionally solidified (DS), shrouded
+ Adiabatic efficiency = calculated
* Consumption of coolant flow = calculated
- Diffuser pressure recovery factor = 0,75
* Exhaust gas temperature = calculated
Exhaust duct connecting to the recuperator
* Pressure loss AP/P=0.003
Utilities

WAC system
* Flow rate = 3.5-wt% of compressor inlet mass flow
* Droplet diameter = 10um
Saturator :
* Tintet, gas = 115°C
- Recuperator
+ Temperature effectiveness = 0.95
' Tiulet, high — Texi Tow = 20°C
» Pressure 10ss ( A P/P) = 0.022, (A P/P)exiuagt = 0.035
Economizer ‘
+ Texit, water =200°C
+ Texit, gas = 110°C
+ Pressure 10ss ( A P/P)egpanst = 0.003
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Fig6 Performance of Optimally Designed AHAT Systems

It is clear that the humid air cooling system has the
highest thermal efficiency and specific output among
the three systems and that the gain in thermal
efficiency for TET is the highest. The difference in
coolant consumption causes these results. Figure 7
shows coolant consumption for each system with TET
of 1,350C and pressure ratio of 20. The consumption
of the extracted air cooling system is nearly as twice
that of the humid air cooling system. The consumption
of the hybrid cooling system is between these two.
Extracted air from the compressor has nearly as the
same thermophysical property as dry air because the
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TET=1350°C, Pressure Ratio=20
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Themal Efficiency fin(LHV %)
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Coolant Consumption Ge/Ggin (-)
>

Fig.7 Coolant Consumption

compressor intake air is humidified with only 3.5wt%
water by the WAC system. However, in.any systems
the mainstream gas is totally humidified with about
20wt% water by the WAC system and the saturator.
Compared with the humid air cooling method, the
extracted air cooling method requires a larger coolant
flow rate because extracted air has lower heat transfer
coefficient than humid air and the temperature of the
extracted air is higher than that of the humid air. This
fact means that the gain in thermal efficiency in the
extracted air cooling system tends to level off at high
TET. Figure 8 shows mass and heat balance diagram.

4.2 Remodeling the simple cycle gas turbine to the
AHAT system
Consideration is given to whether the gas turbine,
which was designed for a typical simple cycle system,
can be remodeled to the gas turbine for the AHAT

Table 2 Remodeling Method

Compressor

- Add WAC system.
- Reduce intake air flow rate to adjust pressure ratio to
the same value as the base gas turbine.

Combustor
- Modify the flow path to connect the utilities located
outside of the gas turbine.
- Combust fuel with high humidity air.

Turbine

- Employ the blade cooling method.
- Tune up coolant flow rate.

systems. If that can be realized, cost and time of
development for the gas turbine suited to the AHAT
systems are saved. The performance and reliability
need to be compared for the optimally designed
systems. ]

Table 2 shows the remodeling method which
converts a typical gas turbine to one for the AHAT
system. The balance of mass flow rate between the
turbine and the compressor in the AHAT systems
differs from that in a typical gas turbine due to the
humidification, which is amount of about 20wt% of the
compressor intake flow rate. Thus either the turbine
or the compressor has to be modified for the mass
flow rate. When manufacturing cost is taken into
account, in general, the turbine is more expensive than
the compressor. From the viewpoint of cost as much
of the present turbine as possible should be utilized.

Since the turbine cascades have already been
decided, the pressure ratio will be decided by the
mainstream gas flow rate based on the turbine
characteristics (nondimensional mass flow rate is

Exhaust Gas

TET=1350°C, Pressure Ratio=20, Humid air coolin G (kg/s)
1053 7 19
101.3P P (kPa)

10%‘1.‘/?5185% 10{3 P
Eco _ :
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Fig.8 Mass and Heat Balance
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Table 3 Base Gas Turbine Specifications 56 — -
3 Humid air cooling AHAT
Gas Turbine °>
Type T
+ Single-shaft, mid-size industrial =
Inlet duct 2 _ :
» Ambient condition = ISO standard condition - (Optimally designed
- Pressure loss AP/P=0.009 o |
Compressor .g
« Inlet mass flow = around 120 kg/s & 5
(This value is suited for 100kg/s-AHAT system) w TET=1350C N9 ==
* Adiabatic efficiency = calculated © s | 3 20 22
* Pressure ratio = 20 £ 18
2

Combustor
* Fuel = natural gas
* Combustion efficiency = 0.999
* Pressure loss AP/P=0.04
Turbine
* 7280 rpm, 4-stage
* TET (ISO) = 1,350°C
* IN = single crystal (SC)
2N, 3N & 4N = conventionally cast (CC)
* IR & 2R = single crystal (SC), unshrouded
3R & 4R = directionally solidified (DS), shrouded
* Adiabatic efficiency = calculated
+ Consumption of coolant flow = calculated
* Diffuser pressure recovery factor = 0.75
+ Exhaust gas temperature = calculated
Exhaust duct
* Pressure loss A P/P = 0.006 (for Simple Cycle)

ET=1350°C

1.00

PR=Pressure Ratio

=N
o

0.93

0.78 0.86

b
”
r

0.71

o
o

Compressor Air
Intake Flow Ratio (-)

PR=20 PR=18 PR=20 PR=22 PR=24
Simple Cycle Remodeled AHAT (Humid air cooling)

Fig.9 Comparison of Compressor Intake Flow Rate

constant). In AHAT systems, the humid air humidified
with about 20wt% water of the compressor intake air
flow rate will flow into the turbine. It is necessary to
reduce the flow rate equivalent to the amount of
humidification to adjust the pressure ratio to the same
value as the base gas turbine shown in Fig9. In
general, controlling the flow rate by the compressor
inlet guide vane (IGV) decreases compressor efficiency
due to the mismatch of the velocity triangles. Thus,
the compressor of the base gas turbine cannot be used
as it is. One of the methods to reduce the compressor
intake air flow rate while maintaing high efficiency is
to reduce the area of the gas path by cutting off the
blade length.

Since mainstream gas and coolant conditions differ
from those of the base gas turbine, the coolant flow
rate must be reset up to prevent blade metal
temperature from going over the limit.

4.3 Performance of the remodeled AHAT systems
Table 3 shows specifications of the base gas turbine.
Figure 10 shows the performance of the remodeled
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54 . L L
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Fig.10 Performance of Remodeled AHAT System
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Cycle Cyde Cooling AHAT Systems

Fig.11 Comparison of Performance

Table 4 Bottoming Cycle Speciﬁéations

Bottoming Cycle

HRSG
* Non-reheat-double pressure
* Natural circulation
Steam turbines
+ Steam conditions : HPT = 5.0MPa, 505°C
LPT = 0.6MPa, 165°C
* Exhaust pressure = 4.9 kPa

system. The remodeled system is almost the same as
the optimally designed system for the conditions of
TET of 1,350T and pressure ratio of 20. The difference
in pressure ratio causes a mismatch between the blade
angle and the gas flow angle and the drop in the turbine
performance. The depression of the aerodynamic
performance is a main factor affecting performance.
Figure 11 compares performance. Table 4 shows the
combined cycle specifications. Triple-pressure reheat
HRSG is not used because the system is mid-size. By
remodeling the base gas turbine, which is designed for
a simple cycle system, to a gas turbine for the AHAT
system, raises thermal efficiency from 37.7% to 54.7%.
On the other hand, combining the base gas turbine
and the bottoming cycle gives a thermal efficiency of
534%. The humid air cooling AHAT system has 1.3
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percentage points higher thermal efficiency. The
remodeled AHAT systems have almost the same
output as the combined cycle system.

4.4 Reliability of the remodeled AHAT systems
Compared with the base gas turbine system, the
turbine work of the AHAT systems is almost the
same. However the compressor work is less than 70%.
The compressor work is reduced by the reduction of
the compressor intake air flow rate and the effect of
the WAC system, which decreases the temperature of
the intake air. The difference between the turbine
work and the compressor work is the output of the
system. Of course, the loss and the work of utilities
have to be taken into account. The difference between
the turbine work and the compressor work in the
AHAT systems is much larger than that in a typical
simple cycle system and this characteristic makes the
output of the AHAT systems larger. In general the
stress which acts on parts is proportional to the work.
For example, the stress on the turbine blade is
proportional to the turbine work. Thus, when the
turbine work becomes larger, the stress on the blade
becomes larger. The increase in the work may make
the stress-over the design limit. However, the turbine
work of the remodeled AHAT systems is almost the
same as that of the base simple cycle system. Similarly
the compressor work does not exceed that of the base.
It follows from this that the typical simple cycle gas
turbine can be remodeled to AHAT systems from the
viewpoint of reliability. Moreover it seems that the
remodeled AHAT system can use utilities for the
combined cycle system because the system output is
almost the same as that of the combined cycle system.

5. CONCLUSIONS

Three types of AHAT systems with different
turbine blade cooling systems were simulated. The
first type cools all turbine blades with air extracted
from the compressor, the second cools all turbine
blades with high humidity air and the third cools the
turbine nozzle blades with high humidity air and the
turbine rotor blades with extracted air. Moreover the
applicability of the typical mid-size simple cycle gas

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/11.

turbine to the AHAT system was examined. Main
results are as follows.

1) The humid air cooling system had 1.7 percentage
points higher thermal efficiency than extracted air
cooling system. The advantage of the humid air cooling
system tended to become larger as the turbine entry
temperature became higher.

2) It was found preferable to adjust the compressor
intake air flow rate to get the same pressure ratio
when the simple cycle gas turbine is remodeled to the
AHAT systems.

3) The AHAT system has 1.3 percentage points
higher thermal efficiency than a combined cycle system
using the same core gas turbine.
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ThHb, fOEX0.8LTHL, X AIDHKIIZAIZO
WCEDEMIBMIRRE L 2 5. pOMENL.2TIE, HEH—%E
DT DT, pOMERZ.2ETHRT L, 0.820.5D
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MATSUURA Kazuo

F—TJ— N ! Gas turbine, Small-sized radial turbine, Large eddy simulation, Transition,
Low Reynolds number

1. 3U®IC

EEVIRT S, ETEWREE (MEEEZULT, &
B5%, Wi%tE 84, K¥EKRFASH, MIREBELE T4
DRB28Z D LB EN D) 1, FIRKFAEEMTRE
B (1) OB - AEREMICE L, BIgEREE/N
RIHAY — ¥ OEFEMIER, HARETOTH L HH,
EEHFYETF—Ya VIhOBERN 2 ETh b,
WA Ay — ¥ Y EEOHETIE, NREROKRIE N
ANEBRELTOHEZZFICBVAZENHEIOW 205
BEWEEOB/NIFT A Y — YL ORRICHET S5
2o Twb, AETIE, ThoOHRHMrLHFAF—E Y
DORNIRFHENC BT BHFFEZ FLISHEAT 5o

2. BBRa{S>EREIIKN

BNH A — ¥ THWONS ¥ — Y TR
NOLAL I VA Re ) BETHPOBITOA—5—
b0, BREOEBBRESY -y OEIEEICKE
RHEBEEZRITHIOLEZOND, LML, BBEZMH-
T2HNERERD LA ) VAFEHETF LV (RANS) 12HD
W2 FEMEMEELIE O BEMATIC & D EREICTFRIT A S RIS
EBRAY»H LB, 22T, EMEEBBRRIIENOERE R

3 HESHOBRFEYR GRABLNES %)

FE EREANPTERBOIZ BRBRICEZ 288
HEPICTHILZEWNIE, ERANEZEZEL-EEZE
B L OWHEEIZHET L Re #2%5.0x 10°0D T1064%E
¥ — ¥ yEFFEi N @ Large Eddy Simulation (LES) ##
R TN P s 1‘)?75_»%)}@ L7=Y, BREtEEBIC LTCERENEZEEL
BI1 KA EBREIFEH HWHEE, 5 %OERENZEATLIHEOWE %
e T wﬁbt(gztﬁwo%ntlbiﬁﬂﬂﬁﬁﬁﬁ
e FIRNICE R BEBEHLPICTHE L DI, LESIE
A S T 01BN BEEEO TSI LT Proper Orthogonal
T153-8505 HEHEEXEIH4 -6 - 1 Decomposition (POD) f##f % 47\>, ELEBERICE LB
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AXA X% —FE 245

B4 s8—=2 by 7HY—E Y (PHREAELEmm)

K5 T4 A=y TRIY - (FRESES mm)

H6 BERE~ oy "B (FIREAMEL6mm)

BRICBT 5 XENLFEREREZHLPIT L7,
FOMR, ERANEZZRL2VEAL, W5%0E
mﬂn&ﬁlﬁz%Ak@@%@xw—XAﬁ$E%u
Rpsrllhl, EMEEBEINRIE SRBEICTFHT
EpRBLEHEY

3. BINBISTTFLE—EY
LES f# 47 % /4 46mm (K 4) B & FH4E 8 mm

(W5) ONT T NVE—EVERNEFHRNICHETL,

BERAEZENR, O TFUITHT 5% D RANS T
EOME, 1K Re AR EOMBMIICI O BA T B,
2 &0 SRR~ OREER L HIEL TWwb, —#]
ELT, K6 LESMIcE sz y PR
v OB v NBSA R,
72, AOFZE TIIEUEMAATIC PR TR B D Ei L

L]

Bypass
A Valve [————» To Exhaust
&9 0
Flow Meter @Flow Meter

X e ]
h A y 5
Turbocharge
Set.up _@ -9 .
{ Test Turbine H &
i Setup H §
l Atmospheric o
To Exhaust Air E"g
X
¢
“ : Valve
OB

P1 ~ P8 : Pressure measurement

T1~ T8 : Temperature measurement  To Exhaust

M7 EREE

K8 FArEZVar

TW3Y, M7 I HRESE6mm O F — ¥ L ioxtd
PEBEEOMEL AT, EREEIBEZRFECHRE
FBO ¥ — U 2B L, ZOEMEY» S BE
ZREARS —C VIR T 2V AT A TH D, 2K
BIZW3 T A7 YavaeRdT. ABI—Er (X8
H) OBIRIUCIEREEFIALCBY, EMERA
A%EALRAN— TREOZBRIZRIT NV TOKD T
Lo THRINB I OAM R RET 5, BRABRIZLY, W
BEhEL, hRIINTIHBRTF v T2 IVT S5V ADE
BEFMEL, BB LLT— 7 2 BEBER LT
5 —ErORBFAIMEL TS,

4. BHYIK
41, JLFEF 7% Re B, HERRF Y 727077 VR
iR, ME-BERTERLINETIT VY — VN
NREROFAEG 2 5 EEMIIL, BT VTV
5 — ¥ v OIEMR RS X O, MaFLE - T
KFETH %o o

Z2EXH
(1) W, METE, HARBRKEKRCEBE 70-70,
(2004), p.3066
(2) #H—H, FRAFEWLRIL, (2005).
(3) IEET-E, WM, WABE, RREA HREE HA
IAVF—2E&EE, 84-3, (2005), p.200
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BITHM7T 7YY=V Py UV VERBRY VRV YA
(ISABE2005) IZHE LT

SA T

TERAMOTO Susumu

¥ — K BEHERYE, 7TV Iy Yy, BB URY YA, RERE

200555 LT 7)) =Y v STV VEBEY VYRY T L
(International Symposium on Air Breathing Engines)
X, ORAHPLIAIHETO6HM A YDI 2>
Y CHEE N, ISABEWR Y =RV v b, T4 -
A2 7 5LRPDE 2 &, ZRPBGAARDHZEL YV V4
BEho RBTHY, UV VKERORT] B
LUV UVART A, LT VERIARD B LRI
WHEENDH S, AIAA Joint Propulsion Tid 55 #E#E,
ASME Turbo EXPO Tid#i b H X ¥ —E UV IZET 5 HE
BVBENENEL bR, By YT —<k L
BERLEFHIZH L T LATE S ISABE 11, fizexr
VR AFICESTIRBELRRE Lo TW A,
ISABE 3 EANICBETHBE I N TV S5, EHIT
& o TIFI99EDFEIIME R RELIE, 12550 OE
Lol ‘

EERS#EL VI &, FA NEOMEELFFYTET
FESZHMBET 22 L 24 v, ISABE2005 &
ISOABE % & Dr.Steffens (MTU CEO) O BBKIGTH
fEahiz/z0, MTU PFIHEICHE GEE 217o Twiz,
SBENERY AT > T 7227y 755 X MTU OFF
BThh, NBEMIZHIEEMICORBEFTF> TRKEA
= MEEESRTV KL 2% 72

AR o T CORIZTH MRS 1T L,
NYy P TTORBETHEDLETIHOBIEHIH T N,
KE (P&W, GEAE, NASA), #i (MTU, Eurojet,
Europrop), 15 (SNECMA), # (RR), # (CIAM),
i (CARDC), H (IHIAMENIK) & KEOZEHE,
A= H—=BENFNROFEIIBIT L5 - BHRERKIZOW
THEEZIT o720

KEB LU MTU OFHITFIGEEMOBZE 2B~
72b DT, SFCRMR & LA TREES (V4 X, NOx,
CO) ICEREZBWV TV, BHMOMHEEITo 72 MTU
@ Dr.Broichhausen {3, BEFOBEME L CHBSEM O
M T-25~30dB, ¥ 51 Geared Fan 2 v 2 & T

BERSZA 20054E108 5 H
* 1 HEAKE KPERLFERFEH
T113-8656 HEERSCRIX A7 — 3 - 1
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-35~40dB, F72BREICOWTIRE U BIHM OER T
~7%, Geared Fan & Intercooled Recuperative Cycle
EERALT-17T% &) B2 FhZh81 5 Twniz,

—7, EJ200, TP400-D6& Vw5 FH L I ¥ 2 HD
Eurojet, Europrop Witkid, EMKEY 7 7 v %24
BORTIVIRELAA (BE1), #ETH LD
IOV TEL DM A EVTW 2, EJ2000 7Y 2 27
Ty vEL VY VRSN EREAMN D E A > o 2298,
AT A MRERERS L OB AR L SERER R
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BBRIRD o 720 '

ORI EEVIEROBER TRV £ 7 MIMICER
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By, T(ai2d5) “Explore the Engineering Edge”
L) Aa—F v EbRVIER CEBEED TV,
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BEE1 BESBICERINEJ200 () &
TP400-D6 (F3i)

— % 5B E

24 B2 525THO—RGREE LAAD Do 72, H14
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ED Ay, REIBEEOPEOFRL AR Tnb, K
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B4 H ? Closing Ceremony THEF T & ORI EITo 72
B2z 4 MHypersonic 758 TRE D> S O/ XBP 2o
721 LOBREED o7,
EAPEICHTWAELEEKTE, EHERTO
Fv TRAUANRTENRICEEL T —Y Y7 MY —F
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PRI E CEIMEB T EEo TER - EEHED CFD T
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B oWTII N T THEAIRHEEI N TV A, 46
D ISABE T DREFH o722 ki3, COHEBN T2
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ZFOMBRIEVSEFE L LTIE, N—=FRA M54 7 OHME
V3ial—vareBIlizolz#&X (ISABE-2005-1016)
BHhole HRIA—FTYIal—va r&2fToi2}
TEEBLO—KIZOWTIIREZOT TS H 5 &9 7225,
Tr v TL—=FTRA54 X3 NWEH, LPC A
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BN A RSHELME LS, BBERINITRE, /N /3R
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RATH B R S Nz B4 VBRI T bz, 22
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DL RoIBVEROERBOM, v N, LY
Ja, ury b yIv, ANYyary, BTk X-31%
CEICHE RBEPEREMNONIREBCTEBRLTH S
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4RI, AESTRTHEL TW5 IGTC O H
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(Asian Congress on Gas Turbines: ACGT 2005) 7%,
520054115160 22 S 18H AT T, EE - v VvE
SRFERT A ERSEE I TR I Nz,

1. ACGT2005MHE - EEICDWT _
ACGT 20050 BAfEIZ T 1T T, FTFARESHLBRER
K % M 1 & (Korean Fluid Machinery Association:
KFMA) ~B#OREZITV, MEOETER TS
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SN E L, FHIE K T25,000KW (#)250USD)
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B LY 7V KEREAZE TERH» 5B EBIRH - 720
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W 6 1
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& & 143 78

(BRI BIME OB ED )
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DICHIBEALTHE LR 07289 ThH b,
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OF—7— ¥
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Prof. Dr. Reza S. Abhari
Swiss Federal Institute of Technology
“Management of Hot Gas. Path Components in Gas
Turbines”
Dr. Jung-Ho Lee
International Power Technology Ltd, Korea
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Dr. Ayao Tsuge HiHifEREK
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AN A VF—FRERE Y5 —
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and Possibilities for International Cooperation”
ElE IR REEF R
Mr. Joonsuk Kil, Samsung Corporation, Korea
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Dr. Daiki Min, Korea Advanced Institute of Science
& Technology
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EMOTIHEIZEION YTy M E o7 F72, REOD
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WIGTCOTDO T+ v A%AT 572,

5. fIREY 7 —
LEERHTHLISHDO Y ¥ 3 YiZFRHTRTL,
FHEY yVEN KRFOMEMGEE Y RE L. Sh#HE
FAAB L OHREORBATH o7z KEIX Y T VRS
DOWIAEL, £ OEWAPFIEIZE->TW5E, T
KFMERZHEY — X0 83N F V7R ETAR
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6. 50O ACGT
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