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Shaded areas: F fluidised bed combustion (dense phase);
F’ fluidised bed combustion (bubble phase);
G coal gasification; T gas turbines
(1 bar=10° Pa)
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Calculation of Methane-Air Burning Velocity at High Temperature

F—T—F: RBERE, x5

BH B, =& =&k

KURATA Osamu TAKAHASHI Sanyo

NI 75,

UCHIYAMA Yoshitada

Vet 5, BiE, CHEMKIN, ¥ 3 v 7Ry —E>

Burning Velocity, Methane-Air, Lean Mixture, High Temperature, CHEMKIN,

Ceramics Gas Turbine

Abstract

Laminar burning velocity of methane-air lean mixture at high temperature was computed using
CHEMKIN code with options of the windward difference for convection terms, mesh points of about
45, the mixture average model for transport coefficients and no thermal diffusion. The computed
burning velocities were compared with the data experimentally obtained at the range of tempe‘rature
from 303 K to 1023 K, pressure from 0.1 MPa to 0.3 MPa and equivalence ratio from 0.5 to 1.0. The
difference between them was less than 9 2§ on the average, which implies that the reaction mecha-
nism, the reaction rate constants and the transport coefficients adopted in CHEMKIN are reasonable
for estimating the burning velocity of methane-air lean mixture at high temperature. The combus-
tion intensity and NO emission level of multi-type bunsen burner estimated from the burning velocity
under the ceramics gas turbine operating condition, was found satisfying the performance required

for the ceramics gas turbine combustor.
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Effect of Gap Height on Film Cooling in Thin Rectangular Channel
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Abstract

Film cooling behavior in thin rectangular channel was studied experimentally by using water. The
flow pattern and the wall temperature distribution were visualized with hydrogen bubbles and liquid

crystal sheet, respectively. The wavy temperature distributions on the wall just after the injection slit
was observed in spite of the two-dimensional film. The low and high temperature regions correspond
to the high and low speed regions near the wall, respectively. As thinning the channel, the cooling
efficiency was decreased and the wave length of the temperature pattern became smaller.
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Development of Small Mixed-Flow Turbines for Automotive Turbochargers
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Abstract

In recent years, turbocharging technologies for passenger cars have progressed significantly.
However, “Turbo Lag” is still one of the most important problems in turbocharging technologies.
In order to improve response to acceleration, it is effective to reduce the polar moment of inertia of
rotating parts. The turbine rotor designed with small diameter, light weight contributes toward
reducing inertia moment of the rotating parts. A mixed-flow turbine was developed to improve
response to acceleration and achieve maximum efficiency at lower velocity ratio. Two different
blade shape rotors were manufactured and tested. The rotor I acceleration time was 13% shorter
than the conventional radial turbine. The rotor I achieved a maximum efficiency 779% at a velocity
ratio of 0.65, the rotor II attained 78% at 0.64.

This paper descries the results of computer analysis results and experimental test data of the

mixed-flow turbine for passenger car applications.
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Abstract

We investigated burning velocities of stoichiometric hydrogen-oxygen-steam mixture as basic data
for a future electric power plant with a hydrogen combustion turbine. At first burning velocities
under atmospheric pressure are experimentally measured by burner method. Those of hydrogen
-oxygen-steam mixtures are smaller than those of argon mixtures. Burning velocities of both
mixtures increase with initial temperature and hydrogen concentration, but burning velocities of
steam mixtures are more strongly influenced by initial temperature than those of argon mixtures.
The data measured under atmospheric pressure gave rough agreement with the value obtained by
theoretical calculation using chemkin II. Then we estimated burning velocities of stoichiometric
hydrogen-oxygen-steam under high temperature and high pressure circumstances. Burning velocities
of steam mixtures significantly decrease even under 600°C circumstance with increasing pressure, but
accuracy of estimated burning velocities under high pressure circumstance is worse than that under
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atmospheric pressure.
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Experimental Study on Low NOx Combustor for Mach 3 SST
(High Pressure Combustor Test Results)

Abstract

AT B, LS

KINOSHITA Yasuhiro KITAJIMA Junichi

/AN WA,

ODA Takeo

A unique idea of premixture jet swirl combustor (PJSC) was proposed for the ultra low NOx
combustor of a Mach 3 turbojet. The combustor installed six simple premixing chambers which were

arranged at certain angles to the center axis also to the circumference axis on the combustor dome.

This arrangement formed large and strong recirculating flows necessary to stabilize flame at lean
fuel air ratio conditions. A single can combustor of PJSC with several fuel injectors was designed and
fabricated for the high temperature and high pressure combustion test program in the HYPR project.
The combustor showed stable burning for a wide range of FAR also showed combustion efficiency
of 99.995 at Mach 3 cruise conditions, namely inlet temperature of 1008 K, inlet pressure of 8.3 bar
and air fuel ratio of 45. PJSC-03 combustor, which installed the radiated fuel injectors and had long
mixing length, presented the best NOx emissions and achieved emission index of 2 g/kg fuel at that

design condition. PJSC met the emission goal of HYPR project.
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ESRPEL LI L THHIERDBHIWNTE S,
DEER, MBI EES T 2 ELRENE { Jp o TKEKRED
T2z, HBRHEWY —E Y ANREIC DS
3 NOx OHEHBEIHMELS B> T b,

PRIEDE S 4 - — DEETHE X, —EEOEEHAL 0%
HPHERM TS LI k> Twdb, X5 ICHER
W dEGERkT —7 4 > 2 (TBC) 2L T=v 7 I)VEM
BRI ORED LR ZMZ THAKEZE D T 5,

PREESR S 4 F — B{RE L TV AAFEIRI—Er 7 —¥
VLML T WA DI, LYYV EBERTAI LR
U R TR ORSFITRDSHRE T D %0
@) r—yr7 (BF) RUu—5 OfEE
BEETETH M7 A-01 L ERROBKRETEZHAL T 5,

BEE MTA-02HAY—Ey E¥Er—y V 7HK

b, ZeKkFE2080r—y v IHECID 74—
VR TOBBUERMBARETH 2, £/, BiAAEZ 4DD
e WRSEIL T WS T2, BB L Tz s
TESBEBOSRMBARETH 5, S H I, T—¥ 7 BE
BThD0, HIL - SR BROBICENTH S,

r—y v 7 3RS HEREIO 2 AR TERICRF S
n, BTEREEXE, RER NI UEEE L LT
ey P OBEURRINTES XS oTna,

0 — ¥ ORI BT E— LB B L 52— S
EEEBL, 7y 7yARFELICLL LTu—2iRE
DEEAER > TV,

y—ErESE 6 EDOn — Y EHREA—EY Ty T
VT EALTY Y 7 bTROMIT Twb, A—Ev 7
By YT RERALEZEICES T, —Eru—%F
DB ® 2R L7255 M T EfEE DG LASATRE
BLt®, ¥—-ErPEooBREELIILTHE—FID
IREHIZETH %,

00— % BT 223, M CEEL 2 2 o
FANT 4 TNy FROY »—F VElsZ &, PSRN
FBELEEICLTFANT 4 7%y REIDA T A MElisZ
BPEELTVWS, TA4NVT 4 78y FEITH B 7201
HHSZ T & 2 IREIREERh RN E <, fEROE AR b
a0 — FIREEEEL TV b,

HHEREE» SEERDO T VF S TINA Y 7Y I
XoTERDHL, FIE X OREGEEEE L THERZEEE)
LTwb,

(6) HHlHIEE

M7A-02HAY—ErOEfcix32Ey v CPUE
HOZHET Y5 NVHIFREEZERL T» 5,

IR, FAY—EVBIUHKEY AT LORENHFLE
R, REEBLLTOT 7 —4 - MY v THIHE,
PRELRIGE, EREETIEREOAEREL 21T,

XS RHBEXOEREBICL->T, #AY—ErOE
ERIREE B OB R 2 WS EHIC & - TR L, Ehgth
THEEREOEHCEEZHINTE S VAT AKX
LTwb,
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HERBB

26 MW 28RS H R ¥ — & > REBBH R
100 MW 22 > 234 > N FEE M

1. [3IL®IC

ISR BIRO = — A BNEE D DOH2HT, H R
F—ErEBIIRE T HHEY X T LZHEREFEF]
HATE27:DIELDY AT LADHEENED SN TS,
ZFOHRIZBAGREHRNRS AT AE TN, VYRV AT A
DBH 5,

L FAFT O AIE T 2 RIWTEIZ, PR 7 HEIC
DR ERM & LT, ASEHAY X5 —E > LM 2500
EREL, B &G EMFEDOBREEEOWRELEICESD
HHHSREER K, YA —E > F6FA REWwIa >
4 Y FPREBRFEOER D, Vi 11 F£0:EBE * Hig
LTw3,

ZZTIE, 26 MW ZESKWEREIA X ¥ —¥ v FEXRE
& 100 MW EIHHGHEBRE 2 BN %,

2. 26 MW ESIEHEIHS X ¥ — o RERBHEE

BE LA R Y — 1% GE #80 LM 2500 (STIG)
ThD, MZEL Y TF50 DR TH S, 20N
AY—E Y IZECH 1400 B O AEFERED RA bt
T — k&, RRGAIER OHEER, B, K 7

J e 2EBES - 6 BEIE

VHTE R

16 B ¥l R M CDP#&S

ERARANA

QY TLy HHAANDEARR #¥ X L~0EAES
COPFKSI5.2t/h, 24.5kg/ewG  7t/h. 21.3Kg /oG

3 + VYHREHIEKE

M1 AR5 —E WL AES

BRI 1997482 H
* 1 HIGSMERE T8
T 319-21 R BRIVERAE BT T2 M 4

TV 1E*!

KOBAYASHI Tadashi

EER SRR B HE Th 2, ¥ AV —EVEROTHE
ERIL 16 BR DS EHERE, F v = 2 7 —RURBER, 2 B3
Esy—Y, 6 BHY — 2 TEEES 3000 rpm OB
B 2RI TH %, 72, ZDHRY — 2 3G EE
RITH DR ANIKIET 2 EE L NOx OAER
PR s R ary vy —HOKEBEOEREE
NI 2BCIOHNOBEMET>TWE, 1ich X
- rEHEKERT,
FEBRMORRITHT A Y —C L RBIERE, PV ARA
T—, BBy >« BBLR Y 7, TERAKERUKIC X 28
KEEE, PREEZEE, BERERUZEERM» 5% 5,
BB, HEARMIBRIAY R ¥ — B ic K E 72135
K[EEE L C NOx 70 ppm (0, 16% #1EE) LITF & L

#£1 26 MW ESBHAEN R Y — U HREROTEHR

HAY—E» e R LM2500 (STIG &S
&40
H 1 26,249kW (FEH)
FEZE:  38% (FBEim) (LHV)
[BIERE: 3,000 rpm
NOx fi: 70 ppm (O, 16% #1 &
&)
®OE: ATH
¥ B B B A ZHETHRERER
AR 17— B R 2fEKE - ARERR
= &| B 30,000 kVA

2 WIRAFEERESR
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26 MWERTESEI A 2 5 — L FEBRMR U 100 MW > /3o > K RBERHE

w R EE T -

M3 F6FA#FR¥—t  HEN

#£2 HFR¥—EYF6FADEEH

% R F6FA (GE#h)

B FE #& B ik 18 B2
MR OBE 83 6 fIREREESS
¥ —Er: B 3ER

&Hh 74,160 kW (FBEig, 15°C)

5 & % 5,235 rpm

E #E 14.9

HAY—E ARE 1288°C

®moH {EFiE A Bl

HET A RE 579°C

X 32.3% (HBh) (LHV)

7oo BREEBABEBHAY —EVEBL Sy ¥ —YHIZ
HAAL, SSRXBHNIEEBL, £ RF—E 0k
HRORUCRERSHEE O A Vo —2EBL TW»
%o BEAKMEE . U THIAKERRE & R4 7 —Hiko bz
EVHEEAEELTWS, TERMECEH2E 112
L, K2 CRERBFOEREZRT,

R & 25T — < B3RO 3THE AN b EBHE
B R BREICEF LTS Z L ICEAT 2 BMBEED
M~y F L5 E Th %, HFFEER I ERT
1,000 B2 T, T TIZIFIZ 2 EfloRBFIEE %
7o 77,

+ NOx K D FE AL EER
 RIRER & DO A O EJEEEE
- DSS :EERICBH 3 % Bf5E

3. 100 MW EHEMHCRERBHEE
AL IIGELBF6FAN A Y —E v 2HHT 3,

B4 % GtE) o

&3 FHERMOEEHE

HBEAR a4 R A I NVHEE
mAFEEmE S 106,500 kW (5°C)

158 F R AL B A Bl

HAY—E FERHIH: 75,000 kW (5°C)
ELy - FEEEHT: 31,500 kW
PBAARA S~ R 2 AKE - AREER
BAFEERE 45.8% (3¢&Eu%) (LHV)
AR DSS

GE #HizHBEFR L L ¢, BBREBER FIFA LS
#5/NEIAE (0.69 %) L 7o EEZE R EMBIR—EE Y A
¥ —E > F6FA R2BF L7, HREEY—EALON R
VR 1288°C, Hi7 74,160 kW (15°C), %h3E 32.3%, #E
[ AWE 579°C, NOx HIH D 7z iz KB EH L T 35
ppm (0, 16% BEE) TH 5, M3 ICH A Y —E ¥
M, £2kFDOFEEEZTRT,

AFH X 26 MW HF3C I S BB 12 B2 U 7o B 3%
BT 2, stEHO2E2M 412, REFEHEER 3T,
BAHNIZ106 MW TH D, X ¥ —E > 75 MW, #K
§—t v 31 MW OEST, RERIZE 45.8% Th 5,
FRIBH RS —E o REEE, VA RS 7—, BRY—
EUREEE, KUEEE, N - 5K, ZEER
R UHIEEETH 2,

WY — i3, HEEH - £H 2B < HoBERRY
HiEl: (DSS) Th2-wiz, EENELoEEEDMH
DERERTH D, it sHEICHSRARERBE TG L
1oREL OFEMG 7Ny 2ED L, VK 11 E0ER % B8
LTw3,
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e S RN T

EE1SHAY—E

MEBFAI—EY, LEFRENPES DL RS —E >
(B 1) oEENICIZ, WL DHDEREEFESE I L
I ThHD, ik, PO RBIZEHFERATIIFTE & b
E D SEEMIFEATC RN & 1, [HEE» S OERE 2
ZTEZDDEBTE, ZO—DODHE—HEHLBZNET
DRI D L 58T —< & LTRAED
BHARAY —ETHoTz, HERICITEBRESLE L NS
LT, HFOWMEDORBRERS IZVWOLOETS
iz 7o 703, MR OREIATEIEERF| &R TN
L2323k, AoTwd 2 CH/IBEZHY—E
U (HEZ) CABEAO Y > & UTRIE i,
FTHCHEDIH AT —E B H B T RS, Fy
FUE, BELTFES WX ho T BRI2Z2EDZ ETH
%,

MOHLULA AT —EL, 1FEA ORI -
20Nz LIREET, BB O O FEHEBICITRE
Ko, TS EREOBRSIC L D EDHRIERDbS
TSRS, MO % & T FEERICTE S
BhieZ iy, EONTLOEFRALOEWED T3
L, MEHEOFEIHR B Lins, YEFOgEEM
BROHTER, TEEF—BROEN EXB|IZL DL 2250
RKEDPSTZEDBTMEY, S5 WWHRFORIEZR
¥ —EHOR, THBRRON R Y — > ANDOEE
EEARIEERESNTORBICELTH - 72,

£ IIEA 21 I SRIE AN SR AT WS AR, BES R
F—EYOMETN—TREEN, FAY—ELDH
AR LEBSMLEREPBEO LI EL TN EZ S, #
BRI & D TR O S IE B E & L, MERROSEE O
BVEIWBSFEDTHEPMYTERL o7, DS
HLIL1BAAY—EVDEHEDEATZDT, REBREI
T 5 % 03MEF1 23 KIS AR DI 5, ¥ S MERRTIC B 2
ANEBZHS — EBRICIE S h, REEROER TS
Zrichot, EELFNITHH Y 200 PS OEhF %R
B & > T O—FE TRRBERR O K UERABEER & Fith
L7z,

H AR —E U ITESREE R DT E AR TS R
D EWDZED, L, ¥ —ErDE—NVAKRA

FREZT 1997 E5H6H
* 1 MRpEEITHTZEATEER] GRE )
T 578 KBRAFHR AR T B HEAT 2-5-17-404 (H=)
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S e
MIWA Kosa

K1 15H5RAY—E 4

YEPD—D RO TWEDT, MEIWIIBEHEFE-
Too HEHMPICEENEZINFITARF NI Y AL EE
BIHMOBECIKAEDOMEIX, ZOEELIMon TV
Pofz, ETHEBL-OIIEY HL - ER ORERT
BHoTzh, KEBPEEE 2 7% PRIENE WO THET
Trrl, BEREILIEBEEN 2EBIZL, BREY
DA TEREARAT I 8 U RBER 2 B DI
BE, BBRL 7., L ZABHBARTICEB LTS 7
D3N &3 X THRRIEST A I E 2 B HE ORE» S B |
D, »2H2TRROBRENEECE ko2 L
DPEAS L TH o7z, 200°C 2B BB R -7 L Bbh
L, BN TEPROB LTI L CARZ E, NEICAH —
RUBULo LT Wiz, MEERERELL T ZAT
BAREER DT, FEHANAL FTOERERRECHES LT
2IRONB LI 2B EFEICL, E5RBIZINGD
SHMENCE V72, 2 IRZEJOE D Ah O, BERBROFRIZE
ERBERR £ 72208, b LN VYL SMEEYAFL
BMW DYy by rrBbhsd, NEORRKITE
WX 7 4 VABWHIEZERD ANTERICEZ 72,
BREEEBR D /- OIRE S N2 5 BB THBAIIC H 2 KA
D2BO—FREEL L TEZONY, EBREKRZ T
BN FEENOBRTOMICH 2 KMBHRTHE> TS L,
FHEEBEY T80 TTEHEAL EFE2HITTL
NV T230T, BFFTELEHEICWIInELELL
Molze LBULAAY —E DI X AN 2
CEFIIIRIBRD 2 FEDOKEEICED, REHDOA
BEECERROEEIUES OSHOREZHHEIET
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EE| SHFRIy—E

BRIEICIETH

TEHER

W iy L (‘ ” ;

x" g, el
SR
L e M :

" A

e

e

|
!
\
i

M2 184A%—ErHEx

BoTWwizdy, ZIHKMET, EEro/lbdbdY
DB Th > Iz, B4 E6 B, HLL TELEE
BB bbby, BE 4 A CEEOCERSE IR
v, FEOEREMIIEICHRE S Wi, T NTHEREE
DEFIZLDBDTHo T,

1 BAAY — vk EiRERSERIR S L7203
F1244E5 AE» S T, /hy —EVEERET 2FWT
ST T2 2 b o, 2TERLSIZENET
OARESIECE 2 THRER R, IHGET IR LE
LT 32 9 & TEEI Nz, T D, 33FIC=EEOE
BRI ATIc R I s, RERR D F D EERS
N2 ebk< 40 FRLDEE T2,

1EHAY —E D0 TIEW L Db OEREDE® 43
HTw 328, BEHE 2T ERBEREIBS a7,
EERIZIEY —E Y ORERMMENG Z e B3ETHET LN
28, BREERE H IR O — M2 <, PR 650°C D
BENTERP- LI ELHIAREDFERTH S, Th
WK LT, SEEOBEHEY, HIURK ORI 2 EfE
BOISHEE D) OMEEEAFREL 2, 1B AT —E YD
FHRBE1WRT,

BEA DL, M OBETL & 2w 2 RBER O BEIHEERIC
BWTh, #AY—ErEORBICBLTYH, KEOD
8 O TWA TBNT, 2 IKEFHR LTI T (L
5 ¢ LT ET S 2 EROAINAT 7228, R
BT o T) EBRT LI LS TELOE, S
D—FHRSRTHH, THECEZLDT, WD TES
LB LD %,

SBEER

(1) &, BAH RS —E v SHaH, 1-2 (1973-2), p. I B &
CHEN 2 & — € > 256, 15-58 (1987-9), p. 1

(2) &N, WNES, AR, sGEEBER, 7-17
(8 25-11), p. 4

*£1 18HRAF—-EYOFEH

RaHEE

A

Dt —R=N
X

FEAk
7 ABE
EBLRA
BRERE B R
(25254
BR
L4
BHE
i
BREME S
%
B
L1
ME BER

FE 8 %

mOBE 4=

BE

It
HE

2,200 PS

22 kg/s

3.0

650°C

5,500 rpm

455 g/PS+h

20

NACA 6409

Z 50 EhisE
13 Cr 58
[=R7%i7

6 &

2

4

A%
4301 (1, 2E%)
13Cr (3, 4B
4301 (1, 2E®)
4302 (3, 4B
4 332

Cr 4%, Mo 6% %5

i y—ErEES X UAREBICTRTA 301 KEES N
720 4 301 DAERKIE; (BEAI%)
C: 0.35~0.45, Si: 1.5~2.5, Mn: < 0.60, Ni:
13~15, Cr: 14~16, W: 2.0~3.0

FEREIBBRICHNAES TRIEEHR I T 5,
A S asmUeE 17-58 (BF 26-1)

() AZEHERE, THIET, ZitE, ERBATHFERTERE,

(1953-5), p. 1

() AZEESE, BAHEE, MEXE, SERBWRTRErRE,

(1954-6), p. 41
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1996 F£H X ¥ — £ RU@BIREEERE

HAY—EUFEHERERS (BHEDRAR, MEE
114) &, BRELOHBIEETI96FE1LA»s 121
DB 24 A —E > RUEBHE D LRI 2 552,
BEL, SEMTEREERL 2, ERHEE, BEHA
HAY—E DT 14 #, BZBRHARAY —Ei34
#, WAL T 12 #ICHRIE L 7o, RS I3 T N THER Y —
EYARDY —RF v —P % —ThY, HEHEENI L 3
bOREEIN TR,

I. Bi%

1, 1996 FERERAAH R ¥ — B L EMREHERE
(1) MEBUIATEICEEAVNE - REIDSHENN, KR DA
U7oHE8 77% O8N & 72 - 7208, KB E B OB
DEE L ZTHILEL 27% DWW L7572,

/NS (735 kKW DUF) BEBBETELERT 2.3 K
MEREmE L, H7b 24% 80U 7z, i 146 kW LAF
BEEMN/ N OEEEMD 78% % 5D T2 D
RETH 2,

HAY (736~22,064 kW) X5 8 25% L, Hd
219% ¥ 7z,

KA (22,065 kW LAE) 13E 85 30% WAL, HAb
35% WA L iz,
(2) FA®ZANCA % &, BETIX53% 2N AFRER,
HATIE6T% 2 _R—2A 00— NEBHIED TVSE, 85
WRBOEY—27u—FHEBERAEYMZ % &, FEERAZRSL
FREHPES T 85% 1E L 7. FEHE A IBEIEICERER
T26% RMOHIT12% £8ML Tw3, /N, thET
2 EEHT/INEID 40% HEHIL T b Dt L, il
1 5% DI, BT, /INUH 27% O, ENZ 6%
PBEIE R > TE D, FE L D /NEIOEMSSEILD,
(3) BEloEEREELSH TIX, ¥ AREBOHRIZHTE
EFAIZR S, BEUIRTEIC T 73% ohine -
720 TDDBRRT AL 54% H, #HHATAIZ 2.1 LK
BcEHEHEPL, BEAmy A REEEC b T
AAREID 14% 2D T2, TloAR (FAE) H A%
KRVFICRACEMA A, RS R, O/ AH
Mmootz —HHFAITIE, RETIREMLZS ODOKE
DBD DEEEDK &Iz, @kE LTH AR OLE
M5.6RA Y MRAL, 83.4% Loz, BWIERBOE
B, [T/ NELT 4 f58E, Bl /RT3 53,

FRaZAMT 19975 H 208
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HAY—E rfatERE R

% 7- B b /NEIT 4096 38 & NRICRIB R BN 2R L, HE
—, B O PRI L 22 03K TIZ, B4R 77% e
ez oie, HATE, BEEMS/INEDLD, KR
BoSEOERE LTZ, 5.6% OWIMOE £ - 72, BRE
BERIOEESKILERZ L WIHICE NS &, /INEITI3LT
T B 1 FE - BENHAS 4638 16% L0, HAEITIRE
W1 RE - AT - RS 41+ 14+ 14%, KEITIIRRY R »
WALKRT A « #HA A D544 « 28 + 11% DEEG L 72>
Too —HHEHETR, NEITIZEN 1 - Tl - B
23 69+25+6%, HAITIIERIM B 1 FH-RRY A 08 30+
21 14%, KEITIIRARY A « WLKRY R - #HH A
BENFN A4 - 40+ 12% OEIE Lz 577,

4) BN IZEHT, §iE £ R 79% O8I0 698 &
TRIESEIIL 7223, ¥/ NThy, HHTRS &
FRERHI X T DRI (750 MW) 23k & < 228 URT4EL
17% Wh & lx o 7z KRBUZHIE L N, 5T 35K,
17T 430 MW A L 72, 88T 225 MW, BEEE T 98
MW L3882 720 O OHFERTOWD K & b5 72, AT

BIEEIERER TR 250N TH> 0BTk
12% oEmMTH Y, PRHORSOFTO/NEEBE S h
%, MBI IZ, M TER TS, 17726 MW s
EirD, /NELZE$ 289 Eothn, T 24% #hme,
FACHTE & HAKIEZEIMC 2> TB Y, BcEETO
203 B, TR TO 22 BEMABHENL D, B I3RS

D6.4% , HITD 39% % E 743, HiEL D EHKTIX
17 & (61%) o#ghn, HFTiX 694 MW (39%) D
Ligotc, MEITHENE, KETHRELD, KBOWD
DEL T3 B ARERITIL, 78 7 RERT 4 E
HHELT Ny 7IREY, BHITIR5% 2E07, £,
SENIHEESFIED 72 L o Todbk, T HBMEE L 7
2, FREKAETSEE L Lo, @R LTIE, B
BOIRTE I ARTINBE D468, H T 27% B D
2,843 MW TH o 7z EHA, KB DR 2345 D
BETH 2,

(5) WEXENEMBI CIZ I E TEERRE, B8, Hhtk
DICHRERIZEALRED 97% TH o T KK 7H
BETFE L EREH, HhE b 3EEE 2o, ES5IIR
THAOXS TIE, EEFLMOV O TH -7 0~146
kW2 by e, B8 D% WIETO0~146 kW,

736~4,412 kW, 147~367kW k&> 7, D% WE
TIZHTE & B BE44,130 kW L F, 736~4,412 kW,

22,065~44,129 kW EZb > T,
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1996 £ 7 R ¥ — € > R U BMaHsE EHRE = E e

(6) HRERAARAY—EvOEEEHIZRIE LR 2
L, BEHTRER (114/1,583 MW — 5 4/870
MW), & (17 5/1,718 MW — 7 &5/857T MW) & 4 &
BRUCH S THERL 72 BRATEIHICEN (334 &/410
MW — 435 &/756 MW), & (15 &5/75 MW — 41 &/
242 MW) & b SRS TRIBCEINL 72, & T
B (377 5 488 &) Lz by ¢, ENEE
RARBOED I HAOEF XD (3,787 MW -
2,725MW) LTED, FFELEBORRE >,

2. 1996 EMERAHT R Y — b 4 EHEHTE

(1) 7—AP2v NI—KRT7 7o rid, B
HARTEHFEET 47% 8L 7z &5 Tk 24% B
YUl BEOMINEY —7 v b « Fu—>Ho/nES
TPy TIM3OBMZ X325, btz vy~
F 3 (T—4 h&EFEHA) 2, KEhzy Yy (F—158
BIHERD) 35 9 Bk L7z 2 LT, MR LT
w3,

(2) =Ry ¥ 7 N/ F—R7ay Lk, HiE
WHARTEARERTIX 1 588, &3HE17T0.7% DR
LTHY, FREEB B ST, RRERS &, KHiH
TP Th5 T56 (P—3CHBHEEER) ZoaHM
WA U7, SEFL-CEMAY 2 75-HD

MG5—100 23 11 BEE SN2 2k D, B, Hidt
WCHTENM A &> T b,

(3) S5HAELFAPEFELYY Y THB V205 —F7 7
ez rD7 7 rE (HARHEYES) 134 B4
&, 1988 FDAEFEBLIRDORETIE 711 iz - Iz,
HIELL T 48 B OMMITH % 03, B ER OFEE I E
BLTERIEBZIOERED S, 28, V2500 iZx>
VURNITIE R W, FEFRFHCIRINZ Ty,

3. 1996 ka4 EMREHEE

AERE IR o E T R AL SR AT (1 F2EPT) 28
D, EEBERUBMRENT D W THEERE & R X D EE
T Wiz,

EFEMET OB ERHR LB B R 2 720, E
FEEOERHRLEERN— A THEB T 2 L IRD X 312k
%,

(1) HEINTVREALIIEELD b 4L
128FRTH - 72,

2) av7vyyEHEAF 100 mm LU O@BEH D 4
EEEUIETFEEAT 9% WA L 72,

() arFvyyEBEANE 100 mm M EOBBEEDE

BEIRTELLR 22% 8Nl 72,
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1996 £ H R ¥ — B > R UBIRKSE EMET

BARITRY—bE etk

I, #f&t

1. ESERNH R Y —E L EEWE

HAEE (MW) [:I

Power Output

Iy
[
[=3
S

7,000

6,500

6,000

5,500

5,000

4,500

4,000

3,500

3,000

2,500

2,000

1,500

1,000

500

T

T

X

No. of Units

3500

3000

2500

2000

1500

1000

500

350

300

250

200

150

100

1992 1993 1994 1995 1996
£ Year

1 BEfAA A Y —E
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Power Output
#

160

140 |

120

100

80

60

40

20

X 2

No. of Units

3341

2611

1769

F—RY =z NF—RT77> ez

400

350

300

250

200

100

No. of Units

1992 1993

1994
£ Year

1995

1992 1993

1994
£ Year

1995

K3 F—Ry¥y 7 NS —RSay LI
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2. BEMMATRY—E>
F1 1996 FRHZEBEEGRKIUHT (kW)
X 43 Size |/ Small Unit| o Medium Unit | K] Large Unit ® W #H
0~735 kW 736~22,064 kW 22,065 kW~ Total
B a-F | B B O B B B (B W O (B & h
Application Code | Units [Output(kW)| Units |Output(kW){ Units |Output(kW)| Units [Output(kW)
A KRR BL 0 0 70 | 266,020 | 15 [1,636,490 | 85 [1,902,510
Generator Drive for Base Load
v¥—2ro— FFER
Generator Drive for Peak Load PL 0 0 4 6,120 3 515,000 7 521,120
AL i EM | 265 | 88,417 | 131 | 213,200 | 0 0| 396 | 301,617
Generator Drive for Emergency
5 it 5!
Merchant Marine M 0 0 0 0 0 0 0 0
% iz H
Military Marine MM 0 0 13 | 108,752 0 0| 13 108,752
O oxv AH r
Miscellaneous Chemical Process PR 0 0 0 0 0 0 0 0
# B A
Education ED 1 0 0 0 0 0 1 0
< o fi MC | 240 1,248 | 4| 7,89 | 0 0| 244 9,087
Miscellaneous
A =
= " 506 89,665 222 | 601,931 18 | 2,151,490 | 746 | 2,843,086
Total
.7 PL 0.
MM 1.7 PL 0.9 MM 3.8MC 0.3
MC 32.8
EM 53.2
BL 67.0
4 1996 ERARAEEREEES (%) 5 1996 £ RIRAIHI1EE (%)



=F fim 1996 £ H R ¥ — > R UBIMBHE Bt BARHFR S —E ek
#£2 19965 MEIBIEESHE R UHN (KW)
X 4> Size |/NEY  Small Unit| ##%)  Medium Unit | A% Large Unit £ W Hh T
0~735kW 736~22,064kW 22,065k W~ Total
o E 8 a—F | &% H# N |8 & 1 |E%| H o (B H A~
Kind of Fuel Code | Units [Output(kW)| Units |OQutput(k W)| Units [Output(k W)| Units [Output(k W)
WRALRIRA A
Liquified Natural Gas LNG 0 0 3 7,520 5 870,000 8 877,520
R
RIRA A GNG 0 0 26 83,630 8 873,820 | 34 957,450
Natural Gas
BMTT Y NATH R
Plant Off Gas GOG 0 0 1 7,000 0 0 1 7,000
S| WY
i Liquified Petroleum Gas LPG 0 0 11 39,300 1 32,000 12 71,300
" A A
Gaseous GTW 0 0 26 78,885 2 251,200 | 28 330,085
. Town Gas
Fuel
BAF A A
Blast Furnace Gas GBF 0 0 0 0 1 85,000 1 85,000
708 A A GPR | 0 0| o 0| 1 39,470 | 1| 39,470
Propane Gas
/e
Sub Total 0 0 67 | 216,335 18 2,151,490 85 |2,367,825
K i T 231 22,000 32 76,264 0 0 263 98,264
Kerosene
ﬁ & T K 85 5,539 31 | 178,232 0 0] 116 183,771
R Gas 0il ’ ’ ’
* EHilh 1
Liquid . H1 190 62,126 91 | 128,700 0 0] 281 190,826
Heavy Oil No. 1
Fuel
N
Sub Total 506 89,665 154 | 383,196 0 0| 660 472,861
PN =
TD 8 506 89, 665 221 | 599,531 18 2,151,490 | 745 | 2,840,686
otal

Liquid Fuel
88.6

X6 1996REIRIEESEEES (%)
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Vol. 25 No.97 1997.6 1996 £ H R & — K > RUBIEBAE EFET g
3 1996FHIRBIMA S KR N (kW)
K 4% Size |/M¥  Small Unit| H1% Medium Unit | A% Large Unit| & H 5
0~735kW 736~22,064kW 22,065k W~ Total
p: - B B N [B% W O | B%| & N B &£ Hh
Location Units |Output(kW)| Units |Output(kW)| Units |Output(kW)| Units |Output(k W)
L ¥ &
j{ ﬁ ld' 16 5,911 3 4,800 0 0] 19 10,711
Hokkaido
fohokjt 20 5,260 15 38,300 0 0] 35 43,560
P H 273 29,007 68 | 153,155 3 97,670 | 344 279,832
Kantoh ’ ’ , 3 ,
¥
o il 88 19,649 25 48,069 5 870,000 | 118 937,718
?huubu
] gnki % 49 11,943 39 72,865 1 225,000 | 89 309,808
G (E:Fllmugou 21 5,272 7 12,310 0 0] 28 17,582
)
Domestic | Bicole 17| 5,366 | 6| 7,80 | 0 0| 23| 13216
vse lu M 19 6 12,200
Kyuushuu 5,55 5 , 0 0] 24 17,756
?kinaw%f 2 1,100 3 4,000 0 0 5 5,100
fdafii%ropulsion 0 0 6 99,052 0 0 6 99,052
il R 0 0 7 9,700 0 0 7 9,700
Marine Auxiliaries ’ ’
7N =t '
Sub Total 505 89,065 184 | 462,301 9 (1,192,670 698 | 1,744,036
thorth ZKmerica 0 0 18 27,900 0 0 18 27,900
hoEE oK
South and Central America 0 0 0 0 0 0 0 0
L Zsi: 7 1 600 16 93,140 4 511,820 21 605,560
H é( i M 0 0 0 0] 2 72,000 2| 72,000
i ceania
e M 13 1 7
53 Europe 0 0 3 ,470 85,000 4 98,470
For H vV &
Export | gormer Soviet Union 0 0 0 0 0 0 0 0
Iﬁidd]eiast 0 0 1 5,120 2 290,000 3 295,120
1
AYchi » 0 0 0 0 0 0 0 0
fnknoﬁl 0 0 0 0 0 0 0 0
% =t 1 600 38 139,630 9 958,820 { 48 | 1,099,050
Sub Total ’ ’ ’ ’
PN =
= Total wt 506 89,665 222 | 601,931 18 12,151,490 | 746 | 2,843,086
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=E fie 1996 £ 4 2 ¥ — & > B USBI#e & RS AARHFRS —E 2R
F4 1996 FERKERANEEESH R CH ST (kW)
X 4 Size |/N&  Small Unit | 98 Medium Unit | A% Large Unit £ W h
0~735kW 736~22,064kW 22,065k W~ Total

WO B B M a—-F B8 W N |[BE% OB Oh | B% OB N | B H A
Driven Machinery Code | Units |Output(kW)| Units |Output(kW)| Units [Output(kW)| Units |OQutput(kW)
e . & B G 490 85,192 213 | 498,190 18 12,151,490 | 721 | 2,734,872
Electric Generator
i & B PRR 0 0 6 99,052 0 0 6 99,052
Propeller
xR ¥ W | 15| 4473 | 2| 3600 | 0 0| 17 8,073
Water Pump
Pras
2 SRR AC 0 0 1 1,089 0 0] 1 1,089
Air Compressor
%. @ i MC 1 0 0 0 0 0 1 0
Miscellaneous use

VN =

= " 506 89,665 222 | 601,931 18 12,151,490 | 746 | 2,843,086

Total
W 2.3 AC 0.1
PRR 3.5~-W 0.3
G 96.2

8 19964 MEREsEIm Al 4 EE LS HEIS (%) 9 1996FE BB A IEE (%)

F5 196FEHNRABIEESHEROCHN (kW)
H o K 4 (kW) B i}

Unit Output Units | Output (kW)

0~ 146 246 1,402

S’J\ . Uﬁ"%t 147~ 367 140 30,904
mall Units

O~ 735K W ?68 735 120 57,359

/N Bt Sub Total 506 89,665

736~ 4,412 196 316,344

b i) 4,413~10,296 14 82,315

Medium Units 10,297"’16,180 4 54,640

736~22,064kW 16,181~22,064 8 148,632

/N & Sub Total 222 601,931

* il 22,065~44,129 7 237,670

Large Units 44,130~ 11 1,913,820

22,065 kW~ /N Bt Sub Total 18 2,151,490

=3 gt Total 746 2,843,086
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Vol.25 No.97 1997.6 1996 &£ 4 R & — > R U BIEHE EffET = E  Fiw
#£6 196FEHKBERHAAY —CEARIEESHEEUCHE S (kW)
X 4> Size | /N Small Unit | §1# Medium Unit | K& Large Unit 419 Total
0~735kW 736~22,064kW 22,065k W~
A ® a—-F | A% HoH =) HoH B o B Hoh
Application Code | Units | Output(kW) | Units | Output(kW) | Units | Output(kW) | Units | Output (kW)
N—2Au—FFEEH | BL 0 0 0 0 5 870,000 5 870,000
% v—2ru—FH¥EH| PL 0 0 0 0 0 0 0 0
% FE HEXEH| EM 0 0 0 0 0 0 0 0
Domestic/Public Use
N &t Sub Total 0 0 0 0 5 870,000 5 870,000
~N—2u—RF¥EEH| BL 0 0 42 144,310 3 97,670 45 241,980
VQ\] v—27u—FHERM| PL 0 0 3 4,600 1 225,000 4 229,600
% ¥ % H % & A| EM 264 87,817 122 196,800 0 0 386 284,617
Domestic/Private Use
N &t Sub Total | 264 87,817 167 345,710 4 322,670 435 756,197
EN&EF Domestic Use Total 264 87,817 167 345,710 9 1,192,670 440 1,626,197
W | N—Ao—FFEH| BL 0 0 2 38,080 3 528,820 5 566,900
% v—ruo—FREREH | PL 0 0 0 0 2 290,000 2 290,000
% FH MR ®EHM| EM 0 0 0 0 0 0 0 0
For Export/Public Use
N 51 Sub Total 0 0 2 38,080 5 818,820 7 856,900
?iéﬁ N—2Z2u—FNFEEMH| BL 0 0 26 83,630 4 140,000 30 223,630
Hﬁj ¥—7u—FHEEH| PL 0 0 1 1,520 0 0 1 1,520
%E ¥ ERHAFXEHR| EM 1 600 9 16,400 0 0 10 17,000
For Export/Private Use
7N &F Sub Total 1 600 36 101,550 4 140,000 41 242,150
&5 For Export Total 1 600 38 139,630 9 958,820 48 1,099,050
B [N A u—RFFEEA| BL 0 0 2 38,080 8 1,398,820 10 1,436,900
¥ |¥—2u—F¥EM| PL 0 0 0 0 2 290,000 2 290,000
Bl muemM EM | o 0 0 o | o 0] o 0
Public Use
& &t Total 0 0 2 38,080 10 1,688,820 12 1,726,900
go| N AT— FFREMH | BL 0 0 68 227,940 7 237,670 75 465,610
R | E—r7u—FHEEH| PL 0 0 4 6,120 1 225,000 5 231,120
Blexmpamm EM |25 88,417 131 213,200 0 0 | 396 301,617
Private Use
& 5t Total | 265 88,417 203 447,260 8 462,670 476 998, 347
R §F Grand Total 265 88,417 205 485,340 18 2,151,490 488 2,725,247

Note : Code Explanation

BL : for Base Load

PL : for Peak Load
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EM : for Emergency
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1996 £H 2 ¥ — > R U@ EERET

AARHATR Y —E 28k

3. MIERAHRI—E>
KT 199%FES—RYxz v NI —RT7 7> 2Py
AESEKRUAS X+ (kKN)

EEGH
No. of Units

g | ATARERT ) g
Thrust (kN) '

* 1 V25007 7 V& (1348) BEE&EXV,
Excluding 134 Units of V2500 Fan Modules

* 2 ¥EEEFERAR T A b

Maximum Thrust at Sea Level Static Condition

K 19965 — Ky ¥ 7 b/F ROy T e 2y VY
GRS (kW)

X
R % 0 ~735kW 736k W~ S W)
Size Total Qutput
M ® AR o | e B A & ¢
Application Units Output Units| Output Units| Output
& & B
Fixed Wing Aircraft 0 0 9 32,949 9 32,949
1
/\,} 375 23 13,756 53 70,655 76 84,411
Helicopter
FEBHBIEXE]
Aux. Drive Units 7 358 0 0 7 358
& #
30 14,114 62| 103,604 92| 117,718
Total

* 3 W EHIEERAES
Normal Output at Sea Level Static Condition

* 6 EREEEBESMEIOOMm 28T S ERT,

4. B
£9  1996FIBAEHAEE G B VB
X 43 Size
EMBREAE mm) | B B R
Class Outside Diameter of No. of Units No. of Models
Compressor Impeller
Class 1 0~ 100 1,764,296 55
Class 2 101~ 200 12,324 28
Class 3 201~ 300 740 14
Class 4 301~ 400 398 10
Class 5 401~ 500 111 7
Class 6 501~ 600 233 7
Class 7 601~ 700 164 7
Class 8 701~ 800 70 1
Class 9 801~ 900 101 6
Class 10 901~1,000 0 0
& & Total 14,141* 80%3
RO R 12
No. of Companies which supplied Data

¥4 BAARBFHLHEKI-—ErATH 3,
Every model is an exhaust turbine type supercharger.

* 5 [EMESEENMZI00mm 2@ TSERT,
The figure shows total number of superchargers over 100mm in
impeller diameter.

The figure shows the total number of superchargers

over 100mm in impeller diameter.

107

1,764,296
108

ERELH No. of Units
AAE No. of Models

10%

10*

10°

102

10*

0-100 -200 -300 -400  -500

1 |

-600 -700 -800 -900 -1000 =&t

Total

FERFRESESNE (in)
Outside Diameter of Compressor Impeller

K10 1996 FARFAHE AR BE & 8 % U R =\ 5k
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