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M Abstract

This study examines small-capacity gas turbines for land and marine applications manufactured in Japan. Demand for the gas turbines as
a power generation tool for disaster mitigation purposes grew rapidly in latter half of the 1970s. Afterwards, the market for gas turbines for
emergency power generation and for co-generation systems continued to grow.

If we look at the current state of the domestic manufacture of gas turbines for land and marine use, we find that, by capacity base, 85 percent
of overall demand is made up of large-scale turbines for continuous power generation. On the other hand, by number of units manufactured, 70
percent of overall demand is for small and mid-sized turbines for emergency power generation. In other words, the manufacturing numbers for
domestic land and marine gas turbines show a major bipolarization based on the purpose of use.

Our study of “Industrial Large-scale Gas Turbines,” published last year, examined one pole in the manufacture of gas turbines. This year, our study
of “General-Purpose Small-Scale Gas Turbines” focuses on the other pole of the manufacture of gas turbines.

Gas turbines developed significantly for aircraft use after the Second World War, and as a result, their use expanded to land and marine
applications. Immediately after the war, Japan was forbidden by the terms of its surrender from producing airplanes. As a result, there was complete
inactivity for seven years in the field of aircraft engines, and Japan decisively fell behind advanced nations in the areas requiring sophistication, such
as development and design. Turbines for land and marine applications were also sluggish after the war, but the market for large-scale turbines grew
gradually in the 1970s as the growth of the Japanese economy spurred new demand for industrial gas turbine power generation facilities. As for
small-scale land and marine gas turbines, R&D of gas turbines for automobiles had been vigorously pursued by auto manufacturers since the latter
half of the 1960s due to the influence of worldwide trends. As well as, pioneering the use of small land and marine gas turbines had been actively
pursued by Japan through the import and conversion of aircraft gas turbines.

In the midst of these developments, major revisions to the Fire Service Act in 1974 strengthened requirements for disaster mitigation power
generation facilities in buildings and large shops. As a result, evaluation of small gas turbines as the drive source for emergency electrical generators
grew rapidly and their demand increased as well. Previously, this market had been dominated by diesel engines. However, because gas turbines
were overwhelmingly more compact and quieter, and furthermore, did not require cooling equipment and were easier to mount and maintain, they
drew praises as a new type of prime-mover for emergency use and rapidly penetrated the market.

Initially, the small-capacity gas turbines introduced in the emergency power generation market were not 100 percent domestically manufactured
products, and many were imported engines. However, as the market grew, imported products hit limitations in terms of selection and price, and in
response, development of domestically produced small and mid-sized gas turbines were energized around the country.

The domestication of manufacturing drew participation from not only gas turbine manufacturers but also manufacturers of diesel engines, which
had previously dominated this market. Diesel manufacturers had deep familiarity with force induction, and this area shared in the construction of
gas turbines allowed them to easily participate in efforts to build small and mid-sized emergency gas turbines. The efforts of many manufacturers
advanced the domestication of manufacturing, and as result, the number of units of small and mid-sized land and marine gas turbines produced in
Japan grew in a single leap from the latter half of the 1970s.

Furthermore, in the latter half of the 1980s, attention was drawn to small-scale gas turbine co-generation systems in response to growing energy
and environmental concerns. Demand grew for small and mid-sized gas turbines that were even more efficient, less harmful to the environment, and
had greater reliability, drawing efforts from competing companies in the development of more advanced features. Besides advancements in the gas
turbines themselves, new features were also introduced to co-generation systems, such as variable heat-to-power ratio configuration, contributing
greatly to improvements in the thermal efficiency and environmental friendliness of small-scale gas turbine co-generation systems.

The small and mid-sized gas turbines used as emergency solutions discussed in this study were initially centered on small units that produced
power in the several hundred kW range. In recent years, however, a gradually growing trend can be seen in increased capacity for both emergency
and continuous power use. As a consequence, small-scale models have been steadily losing competitiveness in the market-place. A component
of the trend may be that originally, gas turbines were considered to be “power drives suitable for high outputs”. Also, as they are used only for
emergencies, they can be made larger relatively easier, and as a result, manufacturers neglected to strengthen the competitiveness of smaller-scale
models. The current situation calls for a review of the origin and competitiveness of small gas turbines.
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ZRHE. N FEISOEEEEMABIL> TUL
M. EITTA o RBESNI-EMAT. KEHE
DOFER/ HRERAENOHHIEMICLEELDT, &
HEOKFEGRERBICLDIENTEOR R EM
ISEFLE-BETHY., CITT—ELTRMY LT
TW5 RPN EHFRE—EY ) [CEEBET 5L
DTIEAELY,

COBHBIZESTHARARDME TR —ECOERNE
BIEREAEULZEELOBEERONAT FIBDE
SOEE" (2> T, &HE O EFARBREDATEE
HEERLTWARKRRETH Tz, BIH, 1960 FHRF:
(D 1970 ERBEICHITTEHBERZRLE LE
HRAARZI—ECOMBREAFENEAE TERICIT
b, F-MEGAVEORMAI VOOV EAVRE
AEOEMARANDEBENRLICENY HOH T =,
—FH. POHRLGHTIEH L. 1950 EREEMS
1960 £ XA (C#H T+ THLZE FA D4 B Eh 1R O M A
DERXDHEBR Y TEDHKAERE T RICHEFORN
BMTHAERXVCTHEZHEL. BROARZ—EY
A—AMNINEZELTCEELRLEFANHS. Ch b
FEERMADLGVDEVSHHANGRELHY . TORR
DHPNEFTRE—EO—BHiGERRE LI ARIEH
BERICELICENDEEEN A, FITELN

T-1RER HBNR A LR T E#HL N, BRADFAS
INIHZRE—EVDERIZES LESFIRBENGL,

COFFE (RAH) of/NEKIEIER L Thid
DERNEMAARI—EVDEEHGEHERD L.
1960 FEMNS/NEBEBEOLEESHNRLICEZTE
F#+ER—RITHESTETLWSIDOMNEIZDL, &
higgidnozy b2 UEEAGPU (Ground
Power Unit) N ORI LEEBRTICKVEESR
HEBRRIZHIELL T 1965 FEEE—2 121970 F£ b
EETOMIC. ZLVEETEMNIEBINEESL
TEICHBEFICMASA TV EHRICE SN KRE
W Ffz. BIZIECN EIZERBFHRIZER o fz/NEUE
R TR/ -BERARZ—ECOMBRALINE
BELLTWLWS, CNHEDNEHFRE—E (1965
FEZE—I7ICLTZO®K 10 FRMEI LT
5. ARIFIBREMTINOENZDFEFEFDOHTEL —
REIHICHEER T 2B IFEh o 1=,

INRATNEARE—E v EFib & LTI-RBEH
DERNDEFEIZDONT, UTOL3HBEET—TEIC
ZTOMEZRNT 5.

421 WHAOEENEARZ—EY

BIECHAN LEBEEREZILRMRE LTHRES
NE-WHOEEN AR —ED Z#BIZCOVTUT
IZENT B,

(1) GCm1B®

GCMIB (X 1957 FEIC LB DB B T A F104 BRI #
Sy hIUPUBBAL L TCEELLEHEL., Bk
DRVHHICZZEETIEX (UROF=ZEEIE) »'=2
FLCHRARELEEENRLGHAREI—EVTHD,
AEEFODH AR EFENIEADHRI—E
VEMETA—EVRELYREVREZF T
BALEREERERHRL TSIy bV UEDRE
IZESHDT, 1958 F 12 BICEHESR FRtR L TR
BREDEDAREZT 1962 EICIHBETOER MM &
LCRAEAEI NI, LK, 19718 £F TITEEFT 163
BHEESIh. ZTORILA—N—FKR—ILEHKTHELS
FA RIS AZ L LTHFERAShTE =,
ABOMERZR4. 32 FELEHKER L 3ITRT,
R RrD#RIZHEERKIEAPU (Auxiliary Power Unit)
PAYITE—REOMERNEARZ—ELDZN
SR>3 DT, B HHE T 300 ~ 400kW ko K
EILGALE=EE 145kg EVVSBEITME-TULS,
ZEEITRZORABOITEIVR—RV MEH
WTERBNEHARE—ECOMERENGRITONTS
Y, BOEEA)ITI—RAARZ—ECORAKEFIC

NBEFNEAR 2 — B> ORMRFILRE
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BN oTW o, BITX, ThoDRREIE 1995 FLE
AORERICE > THEARBEE LR THRBEEF
DEEFREE L THGICRASN-SEEMATRZ2 —
EVICLERASIATNS,

F o EEESASOHMRED Y FI U VEORBICERT MRS
RA—EVT. ZNHROBHENEFRE—EVRARDHE LG o1,

43 GCM1BBIAH R 2 — b > DlimER

£43GCMIBEIAZZ2—E Y DEEMHEY

HMTERAICHA DN T,

LpE, EEEOHEBARY TREICEAY YT Y
DUNERSNTULEA, ESEEEOEORVGAHA
KEERUFERKHOEWNS A MEEA S S 41T 1962
FICITEEMSEAEEME NEF4) [CBESh, L
BARF—EUNEEFERICERAINNT,

AKARZ—ECOWMERZRAL 412, TELKRER
4 A4ICENEFNTRT, AEIT/DEOBIEH & RRLGE
ERXORLEHERSIERE —EOEAEHLE ZF
ALTHEY., COREOD—2Z_20OI AN YEFT
F—N—NUIXFTHEREEEL LTS,

LEFIEREZEFHEROL VBT, FHELER
BEA® trial and error & YBAFEAESD Sh-EH
EONREHRINTLAD, BROERNLmZRMEHEET
AR TEEHFESINEROBRE L L L YBEEER
ISR CEEEEAEERARI—E D—
DTHD, F-ABITEROEGAUNIEERHEM
ELTHREDPTHRIZHEIMAMASATEY . AM
BREFELTCLRRDAREA—EVERIZAKWNIZE
FRAYED o 1=,

i ERARR
1. B ARE—EraviLyy
2. BE GCHIB
0 | &H JIS W 0201
RKKBE-EAH 15°C - 101. 3kPa
3§- @ |HH Gas) 134K
% | ® | 5—EvADAREE 820°C
| (4) | EfEH TR 1:3.7
B 6 |RRE 2.9kg/s
#6) | mng 0.92ke/s
o [mEEs 0. 37MPa abs
® |mEaE 195°C
EfEi
M [ a mzt HEEDR
b. FRH 16 1
s RE e T EERERONBH THBAL L THRS A MEAR S —
R i ARERAFIA LT, BEBEDERE - BEE—E L OMRAME A
& b. PR AR 4
b | o mEEER 128 441GT60 LA A4 — > DHFER
2—EY
@ Lo R R 2 &
b, M (18 204 £ 441GT60 AR 2 —E Y DF B
QB 24K
) = B — B 1 2L
= K H pal 60PS (FZEXTIKEEIZT)
2) 1GT60® E_n & # 2.7
S i B e o SAl e 4© A—EUAORE 800°C (B7)
AHEIE [H] HERERE S DR TEBESRAE LT - = =
X 2 —E @& # 40, 000rpm
1954 E':Eﬁ%%qa l/f:lljjjj 45kW a)iﬂ.FH/J\ﬂjJ X& - Hﬂ jj ﬂi @ Ef\ %{ 41 560rpm (ﬁﬂﬁ;ﬁ)jw%ﬁ.)
ETHd, 1950 FRYBFIEIAREI—ECDODEE/N i # B3 1= (KT
BEBEMEEN LT, TR OBBHRXORERME mE AR E # S5ke/h
= N V52 5 B B 5 R | ANISUIFR (FRREDEDRICLS)
: - \ Lt ek : A
EREAERME LI OBONETR T —ELHX m B 5 = 5 € mEHmAS
Solar %% Rover HEDAKDHTRA—E U A—HT + % #1 L650 x WA40 x HG90
BROTHESNTHY. EHHR TORBRE A £ ® 2 8 # 65k (RARE, WREED)

BHENTNERARAR S —E L OTISEENERE
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422 MMERHERMAHRAZ—EVDER

1960 FROBFENOMEGLARCBMARDHE
HRE—EVHHACFEERERAORSKE L THER
BRFESNDT—ANBERTE, COMEMIF 1970 F
REFFTERMWEDS, BEARFY—EVOBEAIC
FOoTHRRICTNEANEDL > T EIZLE D,
MEE AR 2 —E 2 ORBHATIHRAIL 1967 F
EICIHIAREG K YMABE L TEAL = IMO00
BRUIM00 R XL ES, DA, 1, 000kW £k D
IMOO B FAYIT2—FHDOT8 TP DEAE
T=HEMHEDPPS BEDHRN—I 5T FEDEH
ELTHEASIN, £ 2, 200kW o IM300 B (L4 —
ATy TRATM IV U OERAETHETOASE
BAT—R4—ELTHEASATWS, RN—9 57
FPRELTEZOMI974 FITHIBEIENRKES A
AT EYBALT 1, 800kW D KTF25 £ £ F L
CEHEMBED I Y KB PPIS BED T E LT
AEh, ilLhEThRESA TV BEE~DBL
WX THEELTLD,

£z, ThoOMEEFEE/NEOEET N IEF
DM ST, 1960 FRXDEHYELY 1970
FEROBRFICHITTIHEEAHLENSHOBEI AL
FERADEBEEL L THLECOHENTIGIRASH
TW5, GMNTH IHI TEREGCEDI9 Py b
DOVEARFEERE L T I0M @ IM1500 B 5
BEEZHXEL. ENSHPHEEELAHICEERDHE
BEREELLTMALTWLA, 1977 FHEHIZIEIhZ
RNR—ZRIZLTIOMWHEDEBREBHAREEEETH
FELAX O aRBEMEICMA LIS ERHE, JE
TRASVDEAFIZEFH BEA/EWMEHEATNSD
AEICDLC, IM0EARE—E OMEREXTE
THREZTNETNRAL &R A5ITRT,

FGEHQIICzY I UDUEAREERE LTHES LM
BREARI—EY

4.5IM1500 BIAH R 2 —E > DO¥ER©

£ 45IM1500 U AR 2 —E VD FEMHE?

i = BARY A 7L 2 8=
st i’ L8.0 x W2.8 x H2.9m
E3 2 #316.5t
BWimE o (&R XK) 16, 500PS
S - T I 240gr/PS-h
T K @K =2 #9 73kg/s
= bl i 12
5 % = £3 #4 450°C
E & H R 17 7,400rpm
% B E FyZa—5—¥
EHEHEY—E v B 3E 7,400rpm
HAh4se —E v Wi O1ER 3,000/3, 600rpm
B & % #
X & B K 15°C
X & E A 101. 35kPa
W/ R E 8 100/150mmH,0
BH R R E 10, 200kcal /kg (LHV)

ZDEFEN,, BEEMTIXI92FEIZ/ LY —DD
VOARNLYG EQEMBEEITE Y 1, 200kW £ 0 KG2
BARZ—EVOHEBERFTE/HB LTS, K62 E
HRA—ECOHEREFELHERL 6 LK L4612
ﬁ:a‘b“ MERE TIX R WA AL THRMERLEBETE
EHAE CHMYRWVABRZLENSHICHADORELE
BLELTELDEFEEAL Tz, BRICRVLTEH
SHIISERI ) —HOFERREEEL LTHMALS
nizh. TORENRHOBMERADORELEEL L TE
ASh, EBOE—YHy FRADEREL LTERS
nTunad,

FAVTARLT EORMTREICE YRERT ShzHARE—EY
T. MEETEHAVEMTRELGHEELN

46KG2-3C BIAR A —E >V DRER®
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£ 46KG23C AR —E Y DFEMF#E®

f = —#h=

H 71 (kW) 1,480

B h (%) 16.7

T ® B & O (rpm) 18, 000

E fi& [ =i 1B
3 - £ v FOTIL B

F£1=.1976 FEHIZIITFRHK LT CREDFHRERBH)
AEELY FS YD R EDRKIMIREICEK Y T50kW £k
DIFERARBEED OMRFTZ/HR L THIE~DS
AZE->TWS, TOHRIIIBFEITIFREY —F &
firi2#5 L 10, 000kW fh = TOH AFHEA I IS TE K
HEET=,

Z DM, MEERICROTD 1976 FEITKE LT
DY —F EDREICEY [E831-800 B ZBAL T3
BERORESFEHLICH AR THERHAET
TW%,

423 EHNOEHAARZ—EVHZE
FRAKDEEZEE TIEAG Y BORHAN SMESEFT
DEEFLVWREZCEFRSIADIHMTHMHFRZ—E
VOEMAEFICH TS RAERFEEORANFRICITHON
TW =z BOTEEMARE T —ELPHV Y VG E
DEEHAURBI VSV EE-ABET TS T,
CCTRELULOFHEAT o EORAERETHL S
HMTELIENOREFIEININHTTH 1=,
BRAOIORNERITT, EVEICEVWTEHEXRFOD
BEFEA—DEFFLILTC—HBHERRAARI—EY
DEFEAFEMREL G > TEHRKICTHONTZ, CHoDAELR
HDITOVTUTIZEAHRIZREHRT B,

(1) +r3sgHHE"
FISEBETE 164 ENTRE—EVOWE
ZIToTW5, RAEOHAFEICOLNTIL 1970 FHK%&
EMNDH T 22kW D GT2AM B 1 s H R 2 —E > %5
LT, NyTY—LHAEDERENATY Y FVR
TLELTHY ) VEDETRESXHEZSEEEEL
tzo EITHBRTEFIZRAR—Y 800 ICKLRTLE
BELTRA IR TCEEOETTAMERKBLL
N, HEORMLANILTIERIZAY ) VEOETHRE
EBADENHELEN STz B4 TICGT2UNE H R 42 —
ECOBEREZNZRELEZ 32 XKR—Y 800 D
NEEE. RATICET2ZNE AR E—ECDEELHK
TRd, TORBICKBEONXAZBELGT21 &
(110kW #&) . GT31 E! (330kW #k) Z#RkAa LEBEFK L.
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BEEBERO/N\R(CEH L T RAETOETRER
ZHEM LIz, BEFTHOEIAH FIAZITEVTHE
BEAARZ—EVIERERALET HICEE>TULE
WA, CNETIZBONEREEZNMNEHRA4—EY
A=V RL—Y a3V RTLOEEREEEEICE
LT, Bt (FIRE2—EVTURIRTL) @
TTHERTENHITON TS,

F: FILBEHESHEELE 2N BOEEREREHOAREZ—E
Vo NYTY—EDNAT Yy FYRTLE FIZRR—VIZHE
#HLUTHRZEREE

47 GT2AMEI A X 2 —E >V DRERE b 32 AR—
v 800"

£ 47 GT24M BIH X 2 — Y OEEHE®

i = —wEAEX
H 7 (kW) 22

B il E (%) 22.3

* # B &I #® (rpm) 86, 000

£ fia H =il 1By
R BE = BEER
2 - = > ST B

(2) EIEEEJJE“‘”“”

HEBEIETIX 1963 Fh 5 200kW #k > B E1E
YIPEHFRZ—EVORRFARICEFLTLS, &)
DOHEBMEIBRDPODICERAT AT, 1968 FI25
1 EREERSETCIUD URBRERMIB LIz, WK
HAROBERFT TV EULEDOT D U FHE
L CHEMEZED, 1974 FIZIFBEEOT 4+ —EIL
NRZHEL-ERREICER L TARHGEITREZ
EHELTWS, £f=. 1916 EIZ(TBF U /\—ZWE
LTEBEOBLEIZEVWTETHABREZTVVHRALGER
T—RERR LT,

NoDREBRER. TR —EVILREBEEH
[EOHE TIEBAINETRETE T+ —ELIZE D E
E5RmIAELONTz, R4ABICYIPEAREZ—EY
DOHEREETHAREEELE-NRONEEREZ, £4.8
ISYIPREARZ—ECDOFELAKRETRT,



X BEBBEMNRFE L 200 B0 2#WXAREZ—E, NI
B L TETHREEE

B 48YTP12 BUARZ—E Y DlER & 158/ VX 0

EA48YTPI2 BIAHRZ— > DEBH#EY

F BEEFEAERARI-—EUOEMEZEALTHELE: 5&
RERBHOL N 26N DBNEAREI—EY, EFAREE
B&LTHRMESNT,

4924 FT 1y b 26 DNBREBEHHARZ—EY
o#rmER "

KA4OLAF VT b 26 BEARLZ—EVDEEARE"

iz = Z#BEER i = —EAER
H 51 (kW) 204 H 71 (kW) 2.6

# ) £ (%) 18.9 B )| £ (%) -

* 8 B & (rpm) 40, 000 T @ B & % (rpm) 100, 000
£ & H =B 53 & B =B
i3 i # HEER S < = HEER
Ed - E Mz R (FRYDzx 1 +HHh 1) B E — £ M ST
MRERECKTITOLENFAREESETES () =z=@H=

SYIHARI—EVOHRIAEDOLN., TOHRIBE
BCTERLEBEMEGRALTINS F2EFEI2 vy
A—ARFr—OrYDERERTHIEBEEIN TS, F
f=. HEEBEICRWTLihE Rk, BEIERELT
FRICENHIRREIREBONTLEVDA, Thod
HiizEALCHEL-ZBNEOETRRBEE “4
AF2xy 2.6 (2.6kN)” % 1995 Fh 5 BRFERALA
LTW2 (REZOBXEE “IHHZT7O0RR—-R" [Z
BlEMANTNG), K4 9ICESFTy 26D
HLEncEHIn- 1 HMXARI—ECOHER
. RAIICHARA—EVOEELHETT,

CEEHHEFIIFICZEETELHARTEIS Y
VRAARI—EVORERARICEF L. ETHRBRESE
BLTWS, TO%., COBRBRZEZLEICKEML—F
AOZ@SBEEX A RS2 —E 2 E501X B (300kW #&) @
FARICEF L. 1979 FICERHICESH L TETHR
1HIToTWBS, LA LEALEREIZITELR SHE
DHRENDELOHIFMNS, ZZEBFETIEAZILA
AE—EVORKEE—BhiLTES I v I BEOH
REAKITSENTHLIAHEEEL TS,

(4) /VKABYERR Y

INREMERT TIIREED T 4 —EILIZH 1 B R
RAOHFLVWBAROFAFEZBHELTINI ELY HR
B—EVOBMEERMIALT=, HEFET A HIZRNT
YRX =KL DBEA RAH AR Shihod =B
TGN T+ — R/ 054 RS ERODEKDBETHE
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A—NER/DFE > THREI—ECORRMAEETLT
Wzo F1-. BEEHITCEAIJ0—FAZFLT
PSSy oDRA O—FEMEHE > THEAOKREWS
AA—EVOERAEBREAT BT LR THALNTL
T=s

CO&SHRKRDD, PMABEEFRTIEZEAETELS
KRG ARI—EVORFEICEF L. TOREE
EBIEEHEN2 DA I7O—FAXBE TSy
VEHESEIC, HO MKW BEEERE L TIE
EEEBMRB LG AR A—EVEEATERELZ, K410
AT YMAMOBHRA—EER N ELT
FSwoDNEE, 4101207 ZW6410 B A X
A—EVDFELKETRT . REOEXMAEHARER
TIMEICFZIVDUEEDR U F TR M EToT,
D%, EEOBRSEMHAST TSy IICBELT
BRAGFHBRHERZER L. BN R BEEOREE
TREVFHEZ /A, BREORKEMEEZEOMEET
T—EBORELETSHELH o1z, TDA. EF3 Y
DM OIEAF LRI SN, L L EREHL
R LBREOEEMIN—BRLEBEDLIP. PABRICEV
DUERLBESICERON S THICIEEAERICES L
FEHEMARETET LTS,

F o IMABMERTAEREMOB IR & L THIFE L 7= 440k AR 52—
EvT. Fv 7 b3 vy cBE L THBEER

410 <Y ZIW6410 BUH R Z2—E> £ 32 b4
TSy ?

£ 410 7Y ZW6410 BIH R 2 —E > O FE(HE?

iz = —EELER

H 51 (kW) 441

B %h (%) 20.7

T @ @ & %% (rpm) 31,500

E & 1 =B

A BE = BEER

A — E v B (HROzR 1 +HA:1) B
(5) Tt

BBERLEETELSN. COBFE (1960 ~
1980 FHB) ICEEICEWTHEVWEKRTOERAL L
T “HRE—EVEE" RU “ARE2—EVFHE O
HERRSHBIITHONTEY . ChblTOVWTHE
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BITMhTE<ELET S,

CON, BEICOWTITATBOKE N BEICESH
ENT=AGTIS00 B H R4 —E VIZHIBESh B T,
1968 FLEM S HEFOFRTE 4 HRAICKROTHR
A—EVHBEOHMRHENFLELENY A)aT4—
AELTINBETEMNEE L TLV 2 T53-09B &
IVDUEZTOFEFEALTMEEICHES L 1969
~ 1970 EDQ _EMB T TETHREZT o>z, 2D
R, T4 —ELITHERTEEMIZL ZHRENKERY
ML SN TRERHANRI—ECEZBAERKITSET
BERALLEINFA, BEORMNTEEAICIMAZ S
SRRMBETEHMTHRET 2BEIEHOETHY
B 1971 Flzhik & o T,

1960 ~ 1970 FELEIZ LR DFEE T L TERBZD
EREZERELTHRE—EVIEOHERFEILEA
27N Tz, HEIZHE LT 1967 FEH, 5 8@
HRIEHENLUROEREN SHMEEFT, &K
BROFBLRBOERILEBRICARZ—EVIIED
HRICEF LIz, COMRMRICEAREZ—ELA—
AELTIHI RUIINBGETED - # MK < T58 B (GE
&) RUKIFI4E (SAHhIUFH) AREI—EY
FEFERE LTIRELSM Uz, K411 I2KTF14 2
HRA—EVEHRA—EVHBREDONERE, K 4.11
[CKITFI4 R AR A—ECDEFERAHFEEFTT, Chbd
DARZ—EVFfANnLHEE (NY3T4—HA) T
H 714 800 ~ 900kW #k & fERD T+ —E LB E(Z L
RBHPERELHE-LTWLD, HERIE 1970 ~ 1973 £ (<
JR DEMER AKR BRERETThObA, A%

FoAYATE—RELTEFDOH DA DIV TRTIBEARE—
ELOMEBRET, RELET+—ELKBRICER L TETHR
EXE

B4.11 KTF4BAZRE—E Y EHR R~V aRE"

%411 KTF14BA X 2 —E v OB

i = Zh=

H 7 kW) 883

# Bl £ (%) 21.8

T @ @ & % (rpm) 25,910

£ & # =i 1B

R BE E 7=a7—®

5 - E > R (HRAS R 2+HA:2) B




MAEALEE>THAESNARE—EVHEEE
ALTHLAGT—2MMEGENN. ILLHRLE
BMEECEDIKEDOEICHE SN T 1973 FLIRE
HEBRFTONT ZOFFHE RIS NI,

I 4.3 HHEOARELFERHAZ—EYDOER

AR EH Y., 1960 FREFELYUMEBREDOER
ARBIZEDZHNEFRE2—E U DEMBERADEHMN
RRICBATET, RERALLTLBHBAYEERZ
PDC—RASADERND LT DEFEY D2D2H-
fzo EHIT. SOESHEEHOD 1974 EITiTHNT=3H
Bk D KRIE EF K ABOMEREEZ —KITIEX
L. EERREXREDVWTIZTNEZEFZET+—E
ILOBEETH>-—AICARI—EVHNBLGAAT
THRENEENR TS,

43.1 JEFEEDKHMIE

92E5 AOKRBRFET/A—FELKKRT 1973
E1ADEAKET/A— FAXKIFANHTEE 100 £
UEZBIAARADELRKELRBEOKRBE L >
fzo THHDEILKREI AN LBEFOEEELEEICT
LT TEAERER] THoLBENKELMELRY.
COESEYMEEZRAICHLSTHOICBEREZRY
HIEDKIBLREIThNT,

ZOA. EBEEICOWTIZ 1974 EORRETLHE
HEDOBVIREE. KT, T/8— k. A&k, thTEGRE
DEEHXRMEMODVWTREDRECEET 5%
EBTIT5 THRERI ORENELFNOTEITON
tzo UBHTONEHBREEICLDE. ZhISE>TH
KBRS AOTISHREEZKAULEICIERL, 20
SHIFEAREHRMIEF 7,000 EABELENAZY KE
BEENFIN,

432 EBAARZ—EVDER

1974 EDHEERBEICE > TREEZHD AN
HAYT 2EEMICIIHKAOEREESRFBOREN
BB Toh,. Chzefe LTHNEDFEERARE
MGICBITEIHRE—EVDERNRRIZEE ST
Wotz, COMBIEENETTs—ELIODUNIEF
X3 E LT, FIZRR—ZDR S EBIREA
DOHBRLZVEERELEZRDICLT, BE/NETRE
ICBLWARZ—EVOFHEAEE Y. TIE~DRE
N—RITEFE->TL > T,

HRE—E I,
D RAYISADTFA—EILIVSVERRBEEET

14, RETIE A TEERMICEE/NET,
WL THRENYT—THa ) MIHEDZELD
BWAR—ITHLHREARETH S,

Q@ FEIDTA—ELIVOUERLYEEETHT
HEBEMNSIRBIMNFRE D . BIFITER L THRA
ERIEOHRIZELEL LA,

@ AHKNFET, > TKEBORESFLFELL
BENL. BEKNBEGT « —EILITHARNTEH
HEALPKIBICHERIEIN T, HRMIZEFEED
mLICEMND,

Z0HROERELHZ, DA, EEODT+—EILT

FH LD >BLEREMNAIBEL G DL E . HRAICHIR

NHORERDBEEFHENIRELBHNINTRAR—X

DEMEANEN S L RBFICEMNBEZICE->TIE

BRAOKIBHIRICEN >z, K4 12I12EERHRE—

EVHBEEDEERHIZRT .

T HBEBEICHARI—EL, BEBRUEBHERS., COLIC
Fa1—EVNLBEDNELSEE NS,

X412 IFEAHRZ—EUREBEBOBEN [BEE
Rt IIBETE]

COHEF. BB 1970 ERFIFEEIRIZCNSORA
RICELEEEARZ—EVIELLEL, ELDOEEE
BA—HITMAHRE—EVEBALTHELEEIC
i LTV, MEREOEEHLHP/NEATRXE—E
VEBNDLEMALT, BBAOHAZEORELHEKE
PHTHRZRABLTOCEE(E, 1960 FR&EFE
M5 HI PHFEMEOERMA —H T hDITHRAIC
LGN >TULV=,

SHITHBEREUED 1970 EREBEICH D &,
FTNETHFEYHAREA—E L EIBENEM > =FEH%
I (REOHARREE . mMEREFOT —EILT
UOUA—HAPALBREEDRELEE Ny —D v
NERKDHRE—EVA—H (FBEHI=EL>
FYIARUKRY—F., ilEH=T7 )Y —F. H
teafE=xT7 Y —F%) LIREL CEMADH/N
BMARZ—EVZEHAL, BHEORELEEICHARA
ATHKEAE L TRYBITEENABILIDKLIICHST
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=1,

NVOERFEFEOINLDT 4 —HEILA—H
NYTr—ryD—EQEBEIF. RYILESTIEER
RENHICBTA2HNEAR2—EVOFEZEED.
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£ 6.11 ACT90 EASRFtDRE""

GE-1 GE-2 GT-1 GT-2
E K 135 kW 160 kW 500 ~ 485 kW 630 ~ 860 kW
Hh a B 98.4 Mcal/h 152 Mcal/h
=8 BE B 131.3 Mcal/h 152 Mcal/h
& K 1,158 ~ 730 Mcal/h 1,299 ~ 546 Mcal/h
Bany=E 80%LLE
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N IRENHRAL % (B, B (B—EVAYDREDZI LT 1, 200°0i25)
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Bl @ 5 5 = EENER GESE— FER, HEDHETE)
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2 6.13 ACT90 DRIFHER 1

SRT L GE — 1 GE — 2 GT — 1 GT — 2
IR BEEME 79. 5% 80. 0% 82. 5% 79. 1%
% (T4—IL TR ERE) [809%] [809%] [809%] [809%]
R E =Et5 (385PS) 39. 8% 40. 0% 26. 0% 28. 6%
;{ (BA{KTERE) [40%] [40%] [30%] [30%]
i NOx {& 250ppm 250ppm 150ppm 130ppm
(T4—ILETR MERE) [300ppm LA ] [300ppm LA [150ppm AR ] [150ppm LA F]
HAR—RE 0. 3m* kW LLF 0. 3m* /KW LLF 0. 3m* / kWi2E 0. 3m* .~ kW2
93. 6% 95. 2% 87. 8% 95. 7%
& TS ER
R | ERANE [94. 0%] [95. 0%] [86. 5%] [93. 5%]
= BRKEAD 94, 0% 91. 7%
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F344—EY

A—h—4% Capstone Honeywe | | NREC Bowman Turbec 7Y RYRF A BEBEE Elliott ()
S RTLDOME TR Model 330 parallon 75 Power Works TG50CG T100 TGO51 Dynajet 2. 6x TA45, TA60, TAS0
S—E st | IHMEERG | 1WMELERGT | 2WMEERGT | MEERGT | I SHEXCT | I MEMBKKOT | 1 MEERGT | | MEER G
EiREH 28KN 75K 70K 50KW 100KM 50K 2. 6kl 45, 60, 8OKW
éfgé’fﬁ ) 26% (LHV) 28.5% (LHV) 339% (LHV) 22.5% (LHV) 304 8~ 10% 25 ~ 30%

RENE
i 13.5% (LHV) 13.1% (LHV)
wanE 60 ~ 80% 88% (HHV) 69 ~ 829% 80%
WHREE 270°C 250°C 200°C 300C, 615 245°C 650°C 250°C 260 ~ 280°C
S—PUEEH | 96,000rpm 65, 000rpm 60, 000rpm 99, 750rpm 90, 000rpm 80, 000rpm 100,000rpn | _ gt
a—EY o o o o o o
e 840°c 930°C 870°c 950°C 850°C 930°C
s—EY . . .  an
4 650°C 680°C 690°C 640 ~ 690°C
EREEAL 3.2 3.7 3.3 43 45 46 2.8 4
B %2 EREZ ERENZ miEE miEE SHIEE AV B3R SRR
pavgn | RAARL AT, | REAR, KB | REAR, TAAL | RAAR. RRHR - P RAAR,
Josy %) T4 —EILHH Pap::] (AB =)L) e s R A=VASNN op ]
AR 134
15.6 ~ 23,1
9. 3Nn3/h 22, 2Nmd/h, 18. 4Nm3/h, 17. 3m3/h, 29Nm3/h, 381/h, 411/h, 4.51/h
e / / / / /. 411/ / Nn3/h
(IAEAAREE) | 26.81/h,25.71/h | (IRRAFRBE) | (N EAARED) 33Nm3/h (1A FAHREE)
= 489ke 1, 540ke N
5 B8 i | g 1, 360kg 1, 100kg 2, 000kg 120kg 62ke 900 ~ 1, 500kg
) - 650 ()
Nybr—ok | T4 x 1, 2334 x 1,219 | 890 x 1,420 | 804 x 2,129 ~ 500 x 400 x 1,800 x 900 x
(mm3) 345 x 1,899 x 2,163 x 2,260 x 2,342 * 1,200 (H) 800 782 x 424 > 440 1,900
x 950 (L)
5 = 6548 @ 10 m 6508 @ 10 m BB@im | 70B@1m 858 @ 1 m 5508 @ 7 m 6548 @ 1 m
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