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Historical Development of Industrial Large Gas Turbine
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M Abstract

In 1791, fifteen years after James Watt introduced his first commercial steam engine, John Barber introduced a gas
turbine that included the essential characteristics of a modern gas turbine. However, it was difficult to realize with the state
of the art technologies at that time, and it took nearly a century to generate an available power output. In the beginning
of the 20th century, as a result of rapid improvement in high-speed aeronautic fluid dynamics, gas turbine technology had
reached a level that enabled the world’s first gas turbine power plant to be built and to generate electricity in 1939.

Japan’s gas turbine research was focused on developing a jet engine for aviation applications. In August 1945, Japan'’s
first flight using a domestic jet engine succeeded. However, when World War Il ended, jet engine research was terminated.
Although jet engine research was discontinued, gas turbine research for land and sea applications continued. In 1949,
Japan successfully test operated a 2,000-HP industrial gas turbine.

In the first half of 1950, many domestic manufacturers started to develop prototype gas turbines and various gas
turbines were created. This work mainly focused on improving the gas turbine heat cycle to compensate for the lack of
efficiency of compressors and turbines. In 1959, a wholly domestic gas turbine was accepted for use only in private power
plants. From the late 1950s to the beginning of 1960, domestic gas turbine suppliers partnered with the U.S. and European
countries to manufacture simple cycle industrial gas turbines for the market.

In the beginning of the 1960s, the Japanese economy made an extraordinary improvement. Electrical appliances
became readily available in most standard homes, and, in 1965, the spread of air conditioners made electricity demand
peak in the summer. Since the gas turbine power plant had a short construction period and was easy to start and shut
down, many large, advanced gas turbine power plants were built as peak-savers. It was a transition period from first
generation gas turbines that used a non-cooling turbine blade to second generation gas turbines that used as forced air
cooling turbine blade. The high performance and high efficiency gas turbines now operating in the market are improved
and refined versions of the second generation gas turbines.

In 1980, the combined cycle era began. A combined cycle power plant is a power plant system that produces electricity
from gas turbines and uses its waste gas to generate steam to produce electricity from a steam turbine. Its efficiency
exceeded that of the conventional power plants that were most popular at that time and the number of combined cycle
power plants increased tremendously. Eventually large gas turbines begin to replace conventional steam turbine power
plants and their efficiency increased in line with the market needs.

In 1978, the "Moonlight Project” started and the Engineering Research Association for Advanced Gas Turbines was
formed by 6 national research institutes along with 14 companies striving to develop a 100-MW gas turbine that could
achieve more than 55%LHV combined cycle efficiency. The combination of the advanced technologies of each gas turbine
manufacturer throughout the 10-year project laid the foundation of Japan’s unique third generation gas turbines.

In 1990, a fourth generation gas turbine improved performance rapidly with a firing temperature increased from
1,300 to 1,500°C . The improvements were made possible by an increase of material strength due to the development of
super alloys and the adoption of crystal formation control, advanced turbine blade cooling technology, and continuing
improvements of dry low-NOx combustor, which was the world’s first proven premix fuel gas firing technology. In 2007,
the world'’s highest efficiency combined cycle power plant of 59%LHV was achieved by a domestic 1,500°C-class gas
turbine.
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A—E O0—20EEELELTIE. BT EICEND
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KRIZ, REEAAD-OOBBNE>THEMN. 4—
EVEDGEIF. BERRUVREBEFIVRATRA Y —K
EL. BLDHEDRLTZIT2BETH D,
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MEEE] BARBREHR (2005)
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A—EVUIEFHLELTROONEZDK. 17199 FEDC
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HREZ—EUNENEANZHET HETICIE. ZDE.
BEUEDERAZET S LITH S, 19 G, R
BBORFHICHz-oTHEY. RO 20 HEIFES
LEBEE. TRTIOBHICEHEL TS, LHL.,
A—EVIZTDOVWTR. EERADEBEEFIRAT 515,
PIROBKNEEBHTHRINIEE ST, BRFTELE
R DES EFOBENH>-DTH 5.

3.1 N=\—DHRZ—EVDIRE (1791)
(RAKBIDESE, =%ERE, p.28, 1969]

1812 FIZ/g > T, ¥a kLY x (Franz Stolze,
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HAEDOELARI—EY (H3.2) #BIELz. B
FIZHESNERICE -4 DE L TE. RDHR
A—EUTHHN, EREBNLULOZ—EHAN
Bon=MEIDDRFRIFZF>TLEL, HRFI—E
VTR, BEOESREEY HIT -OICEBEDOERN
FAIRTHY . L. BHEOESIEMREENFEL T
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DHAEEREBENBLNVELTLELD, SMIE, S
THBTEDIBANFLEAEGNE VSRR SR H
TELEM>=DTHSB,

32 Va MUY TDOHAZ—EY (1872)
(MIMSEDES, =HERE, p.179, 1969)

0 HIZHMEEICHEDE. AREI—EVORBDLEHE
ENBENT, TOUENTRIEZEZATH>F=OMILT—
JU (Charles Lemale, 75 v R) T, OB HET
JL > d— (Réné Armengaud. 75 > R) &HIZ,
HACHEDQRENAIGEGE ZAICETHEZED
fzo @33 ERVDEBRAHNRAZI—EVDEET, —
BFANI—EY (RR2—EVEZTOFFEFRAL
=) BT HAVEENHRE. TORANSEAS
ADHIEETHSH, ERFEL LT, EHEICETHH
N2 BEOHEANEI—EVTHELAIzEEDNS,

K33 7L d—DEEARE2—E> (1904)
(PIMERIDES, =H&BR, p.183, 1969)
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LEFDEMBHEDOIEIEELE V50 ~ 605 FBETHY .
CNzE85~90%IcmESEAMIEEMN>Tz, ZDIK
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AREEYHL, ThZEBEE LTI —EVRICRES
F5EV5DTHD, COARTIE, FLYT7IL
b (Hans Holtzwarth, KA V) OHREZ—EUHE
£ T, MIRBBEADORRE6EEHA. HEI—E>
BT EHDOAREZ—EY (K3.4) (&, 1908 &I
WKW hERELZ, LHL. BIAKDESR
PBEEADNGE Y M SEY . FERAAERMN T4 <28
ZFBRHLWHDOTIEGEMN DT,

34 RIVYT7IV EDHRZ—EY (1908)

(BEE#E1Ht : Deutsches Museum)

I—0Oy/N\THEICHAREZ—EVORRERITTL
=759 - ikR 1yt (Brown Boveri, XA R) I&,
1930 F£tE, MEBRFBEBRAXDARS S ZHAKE. TD
MERVHARIRILF—ORRICHR 2 —E Vidis
WEERT A EICHDILE. CORMTEF, T
Ay R -RAZEFEIN, BRAODARI—EVIC
DENDIHRADVRATLELTHEMNTONS, ZL
T. &3O ITHRE—EVIE, SBOREKS
EVEBRMNETEERRTETAEICELZOTH>
fzo 1939 FICiE D L, BMAARZI—EVDEISTLL
T, BEfiYA o)L —wk, REFE4000kWDTZ2
Vo IRRYHEARA—EY (K3.5) AX—IvTFIL
(Neuchatel, XA R) [Z#IA S, 2002 FITESHE T,
Altign/ v o7y TEREKEAL LTERSNT -,

35 X—Y v 7L - HRAZ—E> (1939)
[[EX : Neuchatel Gas Turbine Brochure, ASME, P.6,1988)
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TELEFNEIZ, D, HBBMEECTIHIZEE
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K36 JIOVIR - RLS
(RAPAMEEDFESE, =3RZEE, P.199, 1969)
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RA—EVIERELHKE LIz, TLTHAREZ—E VI,
A—RPzy FELT, MEEOREICKELEESL
DT EELED, 1B0ERICIE. LY TOTY
ooETaRSLEDMAEDEARICRANRZ. &
EEED T50km/h U LEEEZH T EIKIFFEEDIKE
TH-o1=. mRELGNIE, 7D&3ﬁL Y&Lozwy
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A4Y) BEIELTzHe BT zy b DUEEE
LA 27 ILHelT8 A, Dz FEEIZKDHD
RATICARILI-DIX 1939 FE8 BN ETHoT=,

3-1-2 BRICBIFEZHRAZ2—EVORE

1940 (BBFN15) FE, BEZHLIC, EX b I
VOUDBRETOENETICENLGEREHSRI—E
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OEESIY FIVSUNERELFE. LML Sy
BICRSERERT, 4—E U OEMmig. BMSHED
BIEEHRARLICRE L, ERLICEESBM T,
MRS ERTIZ. 1938 (BBF113) &Fh > 1940 (BB
M 15) FIIHFT, RRAEMEA LR OHEEME
BMFAEAIC, BERERME L TR Em%ZEm
HTHY., TAODEEEEHLN T, 1942 (BBFI17)
FITBEMEHMBEE Y. BAAR2—E DR -
BEEGLOATV ., ZOHRE—E VL, LEM
FTIGEGITHYIL, CZICEATHHTOREHH
RA—EUhHELI (K3 ). COERIBEHRE—
EvOR#ETERS 2 (2RT, "

K37 #R1SAXEZ—EY (1943)
(BFARE—EVHEREE, Vol25, No.100, &, 1998)

BRIZBTADzy FT DU OMBELEREIL LT
DIF 1942 (BBF17) FETH 1=, BENEHT Y
DUERRLEToICR L, BEEE, RIS, #HE
DIy bIVDUDOBELE-S> TV, BTV DY
F. EXRPUIODUBOBIKICEEL. RERIE
EitEghs ., EEEBRERLLDOTHD, £L T,
1943 £ 12 A, B T EM 8. IIEETER)
MNEMELIZR— 0 ZRATICA LI+ — 48 TRXWHE
BRERIE. BRVOHEC Yy bV VIZkDE
FHERITERI S 1=,

BETIL, 1944 (BBF19) EITFA4V&kUDBES
SNF-EENEEICHEE B ORENEDS
NTHY., COBRKICBREITITIUODUELTEES
NE=DODR—20 TH o1z, BEMEEMEI D&
5o CETERERD STHARBRTETET . HIMN8 4
B. EfnBRET, LAr3IERICHENED ST,
1945 (BBFN120) £8 A 7TH. *—202—HRI v b+
IVOU2EEFEE L TR IRERRTEER
VIiLHE 123 BOMRITICHI Lz, Shid. 4 ¥ X,
RAVICRSCEE S =y FIT Y US54 O FE S B
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DWMIEEHBIRL., RYSFLEEEZHE. ATEH
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(1) EEXBA1E8HRZ2—EVY

ik, RNICHRE2—ECOEEICEIT TEAMNE
MRZwEHT-DIL. EMEASKERMARA (BB T
Hot-o BHATHRE—EVOHRZEITIICHI=2T
EBRHEE LTEEIN DX, BNEZHI—EVH
(R, WEZ) T, AEHAT D ELTEHES .
&, THICEHSNTW=HRE—E THo1=,
NZEFMYE LTBELZKRZ, EGERIFESN
f~DI(X 1949 (REF124) &5 BEMNS T, 2—EVE
DFIEEREEETIRL. 1952 (BBF0127) FXRIZIE.
KEVNHEHERERICESHRZ, THE~DEELITD
mEL 1957 (BBf32) FimHFETHEASINT, TOD
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I, SHEIM|ELRITONz, COHREI—EY
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RIS OB EE D EREHE 650°ClE. L E LTIERS
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(R)IIEET KRR 108 5, 1961)

@ ZH1E8HRE2—ELY
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ER/DBIENTERL—AT, SAIYFUTIC& DM
BEDREGERBLE(RINES5TH S,
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COTEAELRLTOENEDEAMN S, #3500
BRI R ARBAEITREERA L=,
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FEEZRBRL., TORKRICHEELECENEZ D,
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(1) EtEHgsss"”

B30 FRICA- T, ERARE, KEXGEMNDS
REIZKNEKREDAMICEHRT SERZRE TLV =,
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Iydy -4 Rt (Escher Wyss, R4 R) DEH
YA ONLHRA—E DBAERET LT,
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D%, BIE/ERTIE, 1964 (BEF139) £FIZ. GE
%t (General Electric, 7AUAH) LERAARI—E
VOHRBEREERES. GEHOEEREZERES
RLLTRETEHI L LTz, COHBEEREIZ
k5% 154 (PG3802, 6,000 kW) (X, 1966 (BEF0O
41) FIZERFERIEZEH CGR. FTEATHBERE) )
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TR AEERE L LT, ChzXE1E LT 8 000kW
JARE—E > SBODFARICLHEMLTNS, KE
FRAARZ—EUAEN EORTREICK ST, BE
BT TREAESNEZLEEFERRVILDEEZ S,

3.17 =35&#H8 SB15A 2 (1967)
(SERM | SHEMK)

BN LEMHOERA RS —E v DEHREET
IZDWWTIE, %£3.212R7,

& 3.2 YHEADEAA R 2 — ks

EERABAR 2 —EY OFMARILAE

91



(19)(20) (21)

I 3.2 BEYAIIVHREZ—EYDBIE

Iviy - DA AU SERAYAIILAREZ—EY
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EHEOHIBCEIMBARGREDNTOVLER.
EHICHBFDREICEESIN-EFARBBEDOTR
BEWVWSEERMNG.1972 (BBF14T) FIZELESINT-,
C DR D:EERFF R (X£9 85, 000 Bl TH o 1=,

B 3.19 TNKK581 ARX%Z—E> (1961)
(BARDHRE—E Y 05H, BEARR—EVER, p4l, 2002)

EMELENEGEEENS CFHME SN -BHY A
JILHRE—EVTHo1=h., LBE. HHOEMDS
HEREICHBADHY . TOLOHEREBINEE L
tzo TD%. RIBERNT O TILT, BHOEMEE
ALT—EBOEHEIENEALZRKY A VILARE—
EVARBEROEREAGY . ENTHRERAEAMKE L
TEERSINEERAYAVILAREZ—EVIEZHIEZ1TIZ
EEELT

(22) (23) (24)

3.3 ZU—ERFYHRE—EVDOEE

TA—ELIUOURHRE—E Uig EDRNBEHEE
[T, BHLURZNETNOBRETRNEDR LELNHA D
nt=pt, ComEEHEASHOETCROERNLEZEEL
- THEAH#EE) tHIBLE, TO—D2N Tav/Hy



FKT>or) (H3.20) T.1905 (BA;A 38) &£IZEaw
E (Alfred Biuchi. R4 R) IZ&>TEESIIT=,

B320 AVINOY RIVI ATV
Gl T~/ £348, Vol.13, No.25, p.28, 2001)

EfEgrH-SEZERE. BBKER IOy
IS Sh, TODU D) UARNTEREMRBER. 8T
R—EVICELNHNERET D, COR. EX LY
IVOUVDOHAL ISV EALRYESh, F—8
tohE L TEMBHKENEETERET 5,

VNIV RIVOUDRBESILIZES., HAD
ERELA—EVIZRITEHELEEN TJ)—EX
UHARE—E Y] T, 1934 F, RXH5 (Pescara,
TS UR) BEFEEZRTL S,

TU—ERRVHRE—E YL I (RRAFY
AN EEEEND) TlE. ZV—ER PO HRFESE
WO LM & RRRDREIZIE->TWLS, DT —
EX MU HRFEEMIE, 294 7 LEBKERAEI=
70—T 1 —EILEEO—ETHD, EEEICLVE
fESN=EZRE, POEBICHITOOUD Y UFITE
ONEETHRELER. EHEEEERHL. HIHEE.
EARVBELLHIZETLTIODUHSOMN SHEH
S, A—EVICHESNhTHAZERLET S, COH
HEIRTHEBAEREEEET S (K3.21),

K321 ZU—EX M YARG—EVHYALT)IL
(7~ /£, Vol.13, No25, p29, 2001)

1950 FE X, HMBEAKY A VI AR EZ—EC D&M
REEIBELZ 5% EETHY. 2H4( VL EBORSHR
MEL OREBETH=DIZHL, ZU—EX Y
HRE—E YA I )LTIE, $945% OANENEAE
SINTW =, ZDH, FV—ER M VHARZ—EY
HEBELE L THAER DA, HRAMICHIEMARENHE
AIZHEot=, ZOHTSIMARE (752 R) (1,250
PS#hZEMREL, GS-34 T —ERX MU HRFELE
B (E3.22) LLTERKESHE., T0D 1 5# %, 1951
EIZTTUVRABAFICTHMA LTz, T0G6S-34 1%, t#
RTH—EALINET IV —ERX M HAREEHTH
U, BEBEETHHANICRE > TEBXIIERRZERE
TOHRWTHEASh T,

322 GS-34 27 U —EX b ARFEAER (1951)
e~/ #3R, Vol.13, No.26, p29, 2001)

BARME L, 1958 (BF033) FLE, S&LZFT1H
Bz, ZJU—EX VAR EZ—EV % 14 %E (GS-34
BARREHKBM ERVAREI—EV19E) 8E LN
ALtz ELARE. KERAQFH, BERICEHS
NBRLy xRy TRBATH 1=,

JY—EXFUBEATIR. 7500 RKEEOLS
BIZARA—ILHBENBEICFELSALEL, TODT:
&, BREHIEATARELY, EBEECEVTER
MIC TEEEAGE ] EWSRENH Tz, Tz, E
ALY UTHRER M) A OM AT
BMNBELTWVIE3H>T. BRICES LIEER
TA—ELIVOVITBAMEEDLDNAHEREGY,
TV—ERFUHRA—EVIXREBIZHIGTORES
Zkot=, L T.1977 (BBF152) EAMEATE—
yO—FREBERLELTERSA TV 2=y AL
SNz EIZkY, RERATIUV—ERVHREI—E
VIFEANS ZDEEHE LT,
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I 3.4 BEREMRMEARZ—EY

BEF0 30 RN 5 40 FRIZHIT T, BARBRFIIRE
MR EZEZITz, ZLTIORR, TLE - 5EEH
-ABEOIEEOERHMAIT=EOMIE EMEELN,
—BRREICHLRREITEEL TV o1z, 5T, B
0 FREFICIT. AEOERGEICLY., RKER
DEFE—VRFETFEIEHFELLTEY. FTEICER
FRAFEABUL DN ERULKIR & 4> TV,

ZO&SHKRRIZHHIET 516, PEEAMIE. H
AE—E D3 2E— O0—FAFHHALCEERE
LTOEBNEFMHISER L, 1967 (BF142) &£, b
NETHHTE—  O— FRIGDHR L2 —E U FRERT
(BRARZ—EFERM. M, R3.23) DEHK
[ZHHT o 1=,

3.23 =% MW-301 # (1967)
(PEFBA=TESL, 1971)

ShiE. HRE—EURBEROFEME LT, DRE
HRA—RANREEFOCEFHARERICLRIHD 1
HOLSAD1 EBHTEN &, QRBNEZTH
Y, BHOTEBMTEEFNENS L. @Y
FERHATRETHY . CO-HEMAEENDHELT
T L, OEEGHIEATETHI I L. DA
MEEEEN-#RTH B,

ZO%., HRAE—EURBROBRAHRNTIT
n., ThnlE, BERU-BEOE—Y O— FABEE
LTZDREER-TELEDIZ, RBRECHESR
FALEBIE L= BAICEIIEHAERECFHER
t %ﬁgf:omwmvm
(1) |Z1ILE®

TS5y - RRYMDIBER L £S5 U RERE
L=t DT, RKRDEABELTHEL TS, ERE
ML, 9B TEALTOTHD, BEROMKES
EESEMBE A —ELDOEBICREE, TV M
BEELTVAIENEBTHS (K3.24),
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3.24 EZ -BBC11LH (1969)
(RREA#ER No.235, 1971]

A—EVHEREMEEEKRIC, BERZEFTIE
H-YVDOHEEFELEIERUVERENSE AT
e, RREODERSARCLGY. 6, TEEBRER
VTERBRIZ2ADZFVEDTIAVYERYFITD E
WSEBEBTORENGEINTLD, Flz. A—32 D
AEAHREZOL-OITHHNELRAOSAFRZRA T
W3, H. A% 3, 600 EEs1TdH 5 H, 50HZ #s
RTHEAYT HGEICIE. BEMEZE N LT3, 000 @E0D
HEREEET 5,

(2) =% MW-501A iz

MW-501A (R 3.25) (X, 17 BRDEhRITHERE. n—~
BLDDEYICERRICER ST 16 B0 ML, 4 K
DE—EVTHERINS, EXREHEHEOAORMLE 2 —
EvoHRAIIZYR—ENEZ O, 2—E Y
R—blEfbHZVEET, BEOELICLIEEHBY
FRIRL TLVB,

3.25 = MW-501A # (1972)
(BERMH | ZEETEMK)

16 EDRLERIT. ABHKOREEZDERBTH
SEBTHEE NG, BHE. SREOLRMBIZH S



AL XL B RIGERRNICIES S, ARIOED SR
NAATL PEMERERE L THET S, TEHD 2
BEOHRBERICAAEANRTONTEY., SITHEKS
h, BETINEE DL CEREEE > TARINERE
L. IEREBOBBRICEANEIND,

EREMBEHHERO—MERYE L. ThENE
ICHRELAHZESSAFICLYSALEZE, BY
A—EVITHE L THRERD L EOAMIFERALT
AV

A—EVAORE (BEESRHEOERE) AH00°CcT
HAEH, F1EHRTARFNESREL G-, TORN
ERIEPEREET, TODRITRELE=/1 TROHH
Mo, EONEICHHEREREMITEAXOAHAE
ToTW%, COEHOAAERIZH, ERTHHEHELT
HZERO—EAEREI TS,

(3) HE3II-GEMS70018 fz*”

WEFEEIC 1,000 & LLEASEEE ST LV GE MS5001
ER5—LT7y L. HAOEMEUEMEROELE
X > - BFEHMST001 TH D, CHOHRFZ—EVI(THE
MRS A VL —8R T, EiEgLa—E %E
HLEO—42 X3 AO@MZTHHEIND, O—420D[E
LEE (L 3,600 rpm, 2 —E LAID ST TEEREH
EEBET 5, EREMEKITEAR 1TRT, ZR8%H
WEEICERT 5. F—EVT@HRAFEHXDIKRT
BB, EREMBERVI—E DTr— 001k, KE
TSVVET2RENTHIENTEDSO. REDR
B REDVBEZLGEETH D,

MS7001B (R13.26) Tlk. # L L\S R+ %
FHL. N"—XO0—FKT1,004°C, E—=9R—FT
1,066°CE VS 2—EVANERE (F1ERHEAQE
BE)DEEE LTS, ZRANARDEEEZRAL.
HEAHLGANAREERT S LICL>T, kK
D NS5001 HRA—EVDE2—EVARRENE—Y
A—FT98°CTHAHITH L, 1,000CEHBEALHRET
DIEEAAEEL 7 > T2,

3.26 H1Z -GE MS7001B f2 (1976)
(B375%4, Vol59, No4, p.24, 1977)

A—EVE 1 BRBREOAHIE. BREREICZE
fEH 16 REALDHT[ZEZBAL., EW%BEE;ET%)

INEENLTERNBEAHNT LI LICKYIThNh
%, H&@W (X, BIRIASICE oKk YHE
HEh, E1RHBEORICEENRREEART 5.
RLERICESOINDE 1 BRBETIE. SHERL
LCEREBEEOZESAANLATNS, SHER
T, BEREDS—FAZVITEASh, O—FAEL
IZHIFohfz/NAAEE > THERNBOEICEHREL.
BEZNBHSHRET D, TOHR., BREICETS
NP RENLTERARRAICHE SN L. Bz
EICKYBREE, F-. TO—HBOERIE. B0
T7ANVERIDOZRERDLYRET S LICE>TH
OEKD T ILLEZBRECHA>THEAEL. BERA
AR BEZHSEERELTLS (B3.27),

3.27 F 1 EREREOBHIEE (MS7001B)
(B17:¥:m, Vol.59, Nod4, p.25, 1977)

(4) =2 MW-701B fiz®®

MW-701B ([0 3. 28) [Z. ™9 = R F 4/ ™9 R4t A% 3, 000
Btz 8E L TUWEA o =18, 50Hz BN EE
IZHIET HEMT, DT AFUIN\IREOEMEH
NHéE, ZEEINHMBICHARL-ERFORARER
THhd,

M-701B DB ICH =2 TIE. YT RF VTN
Z W501B (8OMW #k, 3,600rpm) % E FJ)L & L. %
NER-—TRDE—EVBHBERVHREZFERTHL
FEXRAHMETHEEEZERLETATHY.

S DEZRIERE % W01B & IZFRLCTHRELTA—
AEEDEBRER/NRICEEDTNS,

EfE#E. THRICETE 70— —2 %
W501BIc&ht. ZRENEMIIFLTREESE%
BLTEHILETHRHBELTLS, BKEESIE. W501B fi2
CRILLEKDLDOZEFRAL. HADEMIZHIE L TE
HEIGEMND IBEICHEOLI, 2 —EVETIE. T4
AUBERICHH L TERBTENSE, BIMHERY
Bht-YDEBEE% W01B 2 & (RIFR— & L=,

A—EVARRE (BESHHOERE) &1,021°CT
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HY. B1ROFHRNEAR LG0T,

3.28 =2 MW-701B #2 (1978)
(BEREM | ZEETXK)

1970 ER L, BANDEA—EREZFRT S [H
—HRATREI—Er]| hoablaE2—E REHRA
LE-TEZHRARA—E ] AOBITHTELH 1=,
Z LT, B, BRAELIhTVWIRFHOSHEEE - 5
MEBEARA—EVIE, COBHICBIGLE-EHAS
REA—EVIZHENMZ ShEELIZE DA ZLY,

BEREHICERSNE—VO—FAHARE—E
VOREEFETER S 3ITRT,

(R EREA)

B—EVIZF, ZBREOERRTADHD. TLETIAD
EHEHCEERROFRERODEEYTHS IS B
0128) :

DOR—REH

FRIEERFERAY 6, 000 B Z#E & 8, 760 Byl LU D&Eéx
E— FIZHIST B EHE.

@QE—VER®

FREEREAAY 500 Brff £ % 2, 000 FfEl AT . F/EF
HHCENEIR 100 E L E 500 BIRFEDEEE— FIZHIET 5
Etko

BE

(h ER:TARBEOER], =%EE (1969)

(I #@iE: Ty b VITRYEANTEBI,
B (1989)

(I ER : TEBh0ER], =#EE (2002)

(IV)  http://www. asme. org/Communities/History/

V)  THhEEAZ+ER), FEHESH (971

(V) THhEEH=+ER), HEHEH (1981)

(VII) TEABEAZ-+HERL), EFEEH (1978)

b=

(1) #HHE: EEIOERAREI—EV], BRAR
2 —E 2455 Vol .26, No.102, pp.64-66
(1998)

(2) BEE: Tx0xT>>y)], BRAARGZ—EVE
=355, Vol.26, No.102, pp.102-104 (1998)

3) THXRDHRA—E>DSH], BRAREZ—E
VR pp. 28-29 (2002)

(4) TEEHMEL#EARAE HILEOHRZ—EY
HiTOMEIE L RIEHICET HRER, TR
VX — - EERNRSEHFEE, p. 60-61 (2003)

£33 BROREKNGE—rO— FAARZ—EVHERR
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(5) THRDARZ—E2DHH], BRARZI—EY
£, pp. 32-33 (2002)

(6) THERDARA—E>DSHH], BRAREZ—E
VR pp. 30-31 (2002)

(7) {£#%:THIL 1000kW HRAZ—E > ], BARARE—
E e Vol 27, No.1, pp.54-56 (1999)

(8) #kfth : TB00HP HR 2 —E > DEEMEL, NI
P&k, No.1, pp.9-14 (1954)

9) TEXRDHRE—E>DSHH], BEAHRE—E
VL, pp. 36-37 (2002)

(10) A< : T2000kW R 2 —E > DR ER M TER
MAFICH T ZBEEMEICOLNTI, BAREEYS
5%, Vol.63, No.498, pp.55-63 (1960)

(AN TELE#MRT 1957 — 1973), ELEHEE,
p. 33, p.118 (1974)

(1) TEXRMERASHATEL), BEREE, p 782
(1962)

ADNTRNSHEEBEEI 8 BT - #RHE1, A
EEEETE, p 251 (1992)

(14) 1l - THAE R 8 5000kW R % —E Vi BEn =
#EIZDWLWT1, BAKMFESRES, Vol. 64, No.512,
pp. 87-92, (1961)

(15) TI=& &Mk EtH), =EFT %, p. 421 (1967)

(16) === ISWEEM_+EEE], ZEEITX
p. 321 (1990)

(17) TEL®4ERTSE 31, BIL®AERT, p. 158 (1971)

(18) E@fth . TIRw r—CHMEBRARI—E V],

=FHEMBER, No.56, pp.36-45 (1966)

(19) #FA : 12,000kW H#R 2 —E VU HREmR (8F) I
DT Y, KAFKE, Vol. 9, No. 6, pp. 96-101 (1958)

20 H : THATRVMNDEBEXERAHTREI—EVRE
T T2=1l, BRARI—EEREE, Vol. 26,
No. 103, pp. 47-49 (1998)

CQHTERDHREI—E DOHH), BRAHARE—E
Ve, pp. 40-41 (2002)

(22) RIR:-TEREX bt (1)), #T9 / K&,
Vol. 12, No.24, pp.20-28 (2000)

(V) pE:TEBHEEXR Mot (2)1, #ilT0 / &Rk,
Vol. 13, No. 25, pp.28-36 (2001)

24) pFE-TEBEX ot 3)1, #7707 / Kk,
Vol. 13, No.26, pp.26-34 (2001)

(25)st TNy —TR 15,000 KW ARZ2—E >
HEXRMI, MHFEE, Vol.19, No.6, pp.67-75
(1968)

(26) B\HFM : TEEHARI—EVRERM], KAEF
AFKE, Vol.25, No.1, pp.87-91 (1974)

Q7 ERM : THEE AKX HRFEEAMEF 67,000
KWKXBEHARE—E ), BILFFEH, Vol 59,
No. 4, pp.23-26 (1977)

(28) TEXRMELBERAE HAPEOHARI—EY
BEiTomEIE L REMICE T SAER], FITR
V¥ — - EERATRERAREEE, pp. 28-29 (2003)
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4 | B A 7V

OHOEICHITE2RNFEERAOEGRMIE, BEk. A
& (BRK) hoRilM, TLTRAHR (EITING:
Liquefied Natural Gas. ;RIERZKHR) ~& . BREHF
BORBRAMRKLE LTOEE. H5WVIIREMBEZR
HETHIERNNDHEFBREOEEICIEL T, KEL
ZiLTE,

COEIGTERDELE, KARBEOEITRTH-=A
NEBEVRATLERBIZLEZ8ME LREREESEN
HIFTELVARATLELTINGZRBET HEEY
A LEENEEL. TOHEBOLTL ST,

Fo, BE, HRMICECEEL. RANGEEE
ITHIETED., TELEIRILE—RE L TOHEL,
5. Ak (B5R) OMANMEFEL-ZLICKY, B
E. REENEOHN 1/4DAK. F1/4DBRAFTRIC
£H5tDEHTH->TVS, TLT. INGEESHI L
RETEOLN-RFTEARKARES AT LICLHEA
AATREHGSNEREEZH S LRES AT LORFE
LREAMITED LN TS, EDO—DOAMERBIER
1% (PFBC : Pressurized Fluidized Bed Combustion)
BERBEVATLT, REDBARKNREESRT L
TRHEBBROLVMET TORBERMER—R &
L. TNEHRF—EVEHAEGOERREV AT A
ThHY. L5—2& REKOFLOWERKAREEY
ATLELTHHEINTOEIARARLEEREELR
T 4s (IGCC : Integrated coal-Gasification Combined
Cycle) TH %,

BAYAOLEEL. ARE—EvhDHHEENS
BREAROBELZRI[YAVILICERLT, TV
FEERELTOBMELEZRIREAXTH D, R
A—E L OMREM LIV EKTIE 1970 £RICA -
TRRIZEEYAVILEEMHIEML TS,

4-1-1 BEYAVIVEEDINAAZT
(1) SBRREST A IIVRETS VY
HRAE—EVEERDT A ) HT, RLEELHME
THHIHRKMBARDEET A VUL EGELE-DIE
19 FETH-Tz, TDH. 1950 EREBFICHD L.
FSBERANEESH A IILDEREL o=, D4R
X, £, HRE—EVOHARBENMEN > =28,
BHREZRASOBBERER L LTHAT 58 MH
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AMBEFRTH o=,

E MW Tk 1968 (BEF143) F£2AHIC. A FH
MENZITHETHRBRXEEY AV LREEM
(32.9MW, =ZEMN-191, CEMR E) NEXEEKZE
FtAL71-, BERAFKTBLLTIX. HEEAMIREHRE
FrT. 1970 (RRFN45) FITHKITL CEEZZEMIE L2
HAA—E > (ZZMW-301, 30 W) 2. FD#&
BEBEINLERKSZ—EY (195 W) Z#HA&EHE.
1971 (BB#N46) £ 7 AL S, HEBMRAXTOES
BEEETOTWS, BH. COHRE—E VL, BiE
THLBTHRETHI—VRFAREHRBELTLDS
DB TH 5,

LEFDHRI—EVFFELEBELEICHY ., EEY
AVNLTHERALTHEBEREXNEEONEREBAD
CENTEGM o, TOHRLIES DM, BE
YA ONKREROERIIEIERLZ L LD,

[(HRHA] HFX5BERX . R SHABREORDY IS
HRA—EUHBEERFEEREL. FRI—ETRHEZL
FEOHESERASOBMBRAERE LTHAL., fETHE
HADHDIDIRILX—ZRBIRT H5ARXDEET AV,

(2) ERFIOFIIAIEEY 17 )L REFR?®

BAEEHKE (R, REXKREHKER) TE. BR
MENEEBGAENOMRKEILENETIEEE
HBHERELTUD, 1980 F£RICIE. HHEDH
ENEROREL - EHERRORESIC LY BHHRE
BIEAEICEMT 2 ENFRESINS, ChITHRL
EHICHITHZEIRIILE—LEHLEDD=HIZ, I
BHREFROE 1 SHEEH L. ERNELIAB AR
B—EUIC & BARBHBEEY 1V LEEBHRNEHRS
ndZEEtot,

B 1 EOMEMMICREINI-H 1S4 (141 3M0)
[F. HREA—EUERBRIE1 &, HBENRKS S 14E
RUEKRSE—EUREBRE 1 & THERINDHREIR
KIEAY A YL FEEFR T, 1981 (BBF56) &£ 4 A
BEBEELMIA LT, B SHICHEARD L HAMN23
&, MR TIXH 25% 18 (FEXIE) &. KiB/tEeE
HEHNE SN,

HRAA—EVIZIE AFORKRB=HTH S 1,000°C
% B3I -GE MS9001B (K 4.1) A#EAEIhf-, 2—E
UAD (B1BREBEAD) AREENE—YEKT
1,065°C, R—RXEHKT1,004°CTHD1=6. % 1 XS
BRUS 1. 2BRHBBERHEAETHS, HBIKT
MEFEALTHEY., HHRPONXERREE LT



PRBESRADIKEHZEIT S,

4.1 HIZ -GEMS9001BFEARZ—E > (1981)
(BRDHRE—E VD5, BEARZ—EVER, pd9, 2002)

NSRBI TIE, # 1 SHIC5IESHE. 1993 (FRL
5) FIT 25 (187.4MN, B 3L -GE MS9001E. #Bh
ARRE) 1999 F (235 # (198 4WW, == MW~
J01DA, 4TiHFE =, RICLNG IZBxi#) ANEXEERZ
Fta L1=.

[(HRHHA] HRERR : HREI—EVTHFZEL-ED

BAREZHRERAA SICEE, ZTOHREEIRL TES
ERESEEZRI—EVEBRHTIARDEET A VL,

4-1-2  KHEEOEWEHEST1,1000CHRAREZ—EY

1980 (RN 55) F 12 AN ERFAEEZS (BERES)
T. BEKAREMRIC 1, 25RIDEET 2,000 W
DLNG ZHE LT DEAY A VILEERERET 55
BEANRESNIz, BREXAOE. RRENENDENT
BEOBUICHIE L, HROBHEEOLEHRERD
OFBESINZL DT, BBFLZEEICITSHHEEA
RSN DDOEREF-E52H. 1. 258K &
LT8R 7ETHERIA TV,

—A. BAEHTIL, 1985 (BBFN60) EEFATR
BOBHMBEHEHET 5-OOERME L L TR
BAKNREREIERIIOBRZFE L TNV, D
FKERTIE, 71,000 W, BREH, EIRILF—0D
MAZEEIEILDELTINGREEETA VL
TS5 RELTEESN, 1981 (BBFN56) F£ 11 AD
BRBICBVWTERIBE~NOHEAANIRE LTz, &
LE5(E, N—XREBEFREE LTERT I ENL, E
BERICEVLWTEAMEORVSE#@E (FX4—EV3
BIZESKI—E2 1 BOMEEN 2 RF) NMEASH
f=o

NODRERTRASNZAREZ—EUIE, L
BFHOD 1, 100°CHARBFEHAREI—EVTHY ., FZ
HREBBPIZHEINEIHRAEI—ELTHS, LT,

hEEo>MNTFIZ, REHARE2—E VI, ZRY4—E
VIO O TRAEBOEHORENEES L &R
Y. o555 MHEENAR ST,
1,100°CHRARZ—EVE#RALIEET I U IILFE
BRIO—EZR41I1TRT, Sk, PBARHOFKER
DRENEMN A £ ETFRZAIEETH>-Z L
Mo, BEYAILEEALDOBEEAIZKLY ., LNG R
ENNEBHROBMEG 7% (HxE) ULbHES
ni=,

(1) = MW-701D fz

WW-701D (1 4.2) (. ZBF. BEIC 60 Hz A AR
ELTEBESNATO =Y XF VIR W501D &£D
ESENRAOEHRMEEZEEL T, S EET THEERHS
hi-50Hz ARBEH R —E T, 19 BROEHRITHE
#. 1BECHRRERRVIBEOBMRI —ELTERS
N3, O—4&, Z#MIXHFARTHY. TR L
SRUBTHEHE, EMEEE (—LFZUFR) ITRE
LTWd, £z, HRAZ—EVOHARIE, #@ARIC
RSN, HRERARS SAQEEAHANEFIGEE
ThHd. COZMZIHAXRVETHIARL. %
ICBIBTHIABREH RS —E U DIEEMLEREE &
oz (HRAA—EVOFELKRICOVTIER AL 1
=S8R,

42 ZZFMW-701D FEH A2 —E > (1984)
(BEREM | ZEETEH)

A—EVAODBRED LRIZHEVERISOSEAE
HEERMICHEAR TSNz, F1EBRRUE 2EHE
[SEETNAY—FEFERL. A VEVS AU MA
MEBETDHEEDHIT, B1ERFBRIZDODVDTITEREE
ICE> T4 VhH, BERMAICIET 4 ILLSEE EDFH
LUVAEIEED IS Nz, 1 EBEICOLTES
HZESALZEBOLTAMNERIEL, 52 BEBRETH
ITAMESFALZHRTRAERE L Lo (H4.3),
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K43 ZEa2—E>R (MW-701D)
(BERM | ZEETEMK)

W-701D THAI W -EHMLGEMTE LTPRE
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%, BIROAEESIEZ —E U RIOEIH, S EERARN
A, ACEIRELYEIREN S, T, FHE
DAHERIEZ —EVRRARICK T O N7 =K
IL—FENLTRBEAYEZICES SN D, M0TH T
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) EMHEEINBTIRRCREASNSEOMREL
TH|--fET, HELEN LYNSWNEEFESBE. 1
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