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1. BU®IC

RERESOBEND, MEHT Y YV~ NOx 1t
DERIELAZBETFoTETVD, E5I2, BHT LHZE
Bk & BREERE O 7 0 — RIS LT, g2
TEEEFROB RTINS,

BT EAR IR B E R KT 5720, NOx 254V Vg
WCRIZTHENKE L, NOx HIBIZHFICEETH 5,
NASA Tffbh7v3Ial—va v#ERIZEBE, =
INEL6~24TRMTABEERI LM INS
NOx #EHi & % 15g/kg fuel U TFIZHZ TV V BOB
BIHRROLBHHE L 20, ZOEBrEHTXL L
ZiohsY, LH»L, ESPR7avVs7 b (UTF, &
FuYxZ b)) T, YIalb—Ya VOFRKEEER
ZE LT, NOxH#EHE % 5g/kg fuel LT ICHIBT %
CrLaHEEE LTI NOx BREEZRDOBASE 21T o 720

B, BHICEHINTWAMZEET v Vv RS
T, BB L BROBE & BRBEE FREICAT O ILBURBE
APEHEN TV D, TORBIRNEHCLGE, &7
Yz FCHEEZHEBLTWAHEEL Y VY (MU,
HEZY V) ORI~y NE2.254 (T3=915K,
T4=1923K) Ti%, 35g/kg fuel b D NOx » i & h 5
EFHENG, £ TATST Y s FTIE, NOx HIWR
HAE (5g/kg fuel) %ERT 5720 DEFN 2 RBER
e LT, HEFRATERE LT, LPP) BREAXZ
BHL.

LPP MREEZ: % EBIT 51213, BERMRBERF CTIIBRIERS
FSAFEGHL TR O BRERAZERE LTHERL,
RBAEROFHEALEZEDLVLEND L. SEBRIEHEOBRSE
854 F TR, BHEROHIBIIBRISESWTWS T
W, HHEREZ KBICHBTE 2T ICEN
CMC DBREERF T 4 F~OBAZ e L 72,

T/, LPPRBEARZEHTAE, FK- HEEKX
DFRER, KHNIEG CREDNEMET T 281D 5,
ZZTC, #K - HCEKOREZ RN L CEET 5 HEH
Fifi, BLORBET AR E 74— F v 7§52

FARZAt 200447 A 80
*1 JIIMETER FRI-EVEIVRREYS—
T673-8666 LLEIEHAATH)INGHT 1-1
* 2 ZEETER FZHEBEFEHLED R T LBER
* 3 FEMEMEREERE KM
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& T NOx KR & RRRBER SR OS2 % 0 o 7 BRBE R 4

mERFEL.
2. R
« LPP :Lean Pre-mixed Pre-vaporized
TETRETER
*+ CMC : Ceramic Matrix Composite,
53 vy AEEEME
- P3 RS AR
¢ T3 I ABESRALIREE
o T4 I BRBESRININREE
« FAR :Fuel Air Ratio, BZlt (=BB/ZEX)
* PIV  : Particle Image Velocimetry,
R GHAE)
o AI  : Artificial Intelligence, ALZN%E

3. MBRBAREHRG
REW RRBER B R R 1ITRT .

%1 (eB&H
Mz&%ﬁé‘)‘me Take off Tdle
P3 MPa 1.13 1.85 0.39
T3 K - 915 784 467
T4K 1023 1760 865
FAR 0.0323 0.0288 0.0106

4. LPP #RIERREH

NOx i3 AKBEOEWHEIBTER I NS 2D, NOx
PEHEZHR T2 I PFHRREEZET I LI L
ERRBEST PRI EPVETH D, £C
TARRBESF T, BREEFAATRELZSEOERER
EERTHBRER LR EEL I E THEHYRERES
TP, T/, BREES BRI 2l &8, D
EECEREIELI L TARBRESHOFELLEH 72
LPP BB s 2 @A T 5, LA L, LPP BB
NOx 1LICHFITH 5 T, PREGRE), IR OREER)
RETREHOREOHE X - HECEXKIBEINE720,
NS ETERLODENOx L% ERT 2 HFHRETDH 5o
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PR RN g m
75t 15 T OB NOX b & ) A fF T O A == N L

WY 57200, BRBERRAIS > 2 IR 2 & B i . il ke

NETIY Y 2EBRTHAT 5754 0y MABES L | ) R&nnf\gé [

f, ELTHMUN Y 2 BRI 2 2 1I2onER T 5 L ié: el 79 30, = Kl

MR AN 505 X 4 > BREHEATSE & R L 7 RME SR b .

R L7205, MBS MBS T/ S0y | 1 J""‘l"" Cooling:2.5%

EAL Y EBIGME L B 1 ICBB ORI H I L B -—~"" Pilot:

MR % RT, %5, & LPP BB OBR T, R ot ,y"‘“";:n

PERR OB H AR T ) 7 RB BRI 2 X 5 1 18.1% =2/

SAFEEHRL, BELY VY TONOx BB, #& Cooling:7.1%

i 5 CMC eSS S £ F B FEBFAR O R R % S L BB

T?fﬂ“ L7z

NOx < 5ELNOx @Cruise
Efficiency > 98.0% @ldle
No Flash-back

& Auto-Ignition

No Combustion rumble

LPP Main

Temperature Traverse
OTDF < 0.23

&1

ST H AR & BRBESSBRRE LK

4.1.1 ZEZREES

WHEREX, AINVITAFEOEHNCI.6%% KT
7o WHIZER LA OB 22590, 4%13 & TRBEST 7
POIET B TA FUVEHETRVREERIEZ EHT S
7z, REMFETENNLI Oy bORBFEHL, /540y b
OBRBEFIRANTITERILIC R DX S840y b &AL
CBBEFHRANOERERSERE L, 2F Y, /54
0y MREENAIC18.1%, AL ¥ BREIEEIZT2.3%
DEKEZE VST TVE, R2ICBRBES%ZRT.
4.1.2 MEEHR

84 Ty MREESFICIE, BHTOENOx fLE
IR AR ) CORBRBER A TR X NG 723, FREE
B % Mo 7o TR R S A & K NOx BRBE % - 72
LPP #AE &5 F % s LIS A A b 72 BB 5 7
(‘Hybrid Pilot’ £ #:3) & L7z F 72, A A vBRESE
FIZoWTIE, AL LE TR X% 5 LPP #RE 4t
FORE L7,
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4.2 LPP X A UBAETEHAORR

PROBHES I, R NOx BBERFRICB VW TRLEE
ThHar0, BelhBita s MoESXRE - B
- AV TR A A4 CBREESA & LT
I L72 LPP BEHEH IOV TRR 5,
FREBENTOESEKZRIEL, NOx OAR %]
55720121k, HEEKIRIZ L) HEOEFENT
JVHERBARERET A LN ETHL, F07:
BT, BB oL, S8, BEOREVEETHY,
FTFREBERNNOMBKIHES 5w & ) R xet
DUETH D, FTREBEBHRNE % H 728 KENREE
DRPEKRIZED, FRAEENO TG A 1ms
ThITKA, BEREORBERAY IEROBREENICE
WTHFRABENTOHSEKIIE@E T2 L FHSL
DT, FTREEOMNALHBMNE,SHORE TOR
3X100mm & L7z, BEomi iz, HfSRo 7L
7 4NV —NEHE LR U7 % BEE & &
N3RS L BERMBAALT R ERAT AL & L7
BJ 312 LPP X 4 VHREHES A 2R $o ARBEESH
Z, 4EDORT— 7 L RRESER L VBRI TV,
NED 3D AT — 1%, BET 2 b ORI ImbE
MEZzoTWwh, DL RPRERIZBIT 2 HER D R
7 — 5 OMAEDLEE, FAMFER &Rz D dulhT e
TR & 1% 3 R A il 5 ) B SRS O T S 0 X
HBARLPHCEKZBITILDICENTHS, M4ix, BE
BRSO LN EE R BE B SRk E PIV
WEORIELERTH L, BRKEL REIEBEOIS
DT 725l TH 575, BRIMHEDBVHLERTD
30m/s Th b o T, BRETHEICBWTIE, BREEH
LOKREDOMY ZFHIET DT RHETHLZ LD
GIrh. TOTEN, BBTILENIMMK - HEEK
MELEIHL TV,
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K5 rZNtr ¥R

4.3.1 NOxHIHE

6 XA~ v NE2. 254 T BIT AR L NOx
HIMEOEBREZRLTWA, LPPREEIC X VERK
NOx #Bix EH L, KHMEEOMRZEI0.032312B1T 3
NOx HEHi B 1Z22.7g/kg fuel Z3ER L 72 T 0012 K AL
N2 254 THE (5g/kg fuel) ZERT SKT
VI NEHoTWAEEEZ LN,
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— | | FAR0.0323
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FAR
6 NOx$EhE (37 nts 7 HE)
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X 71%, BREHESHRAN N B BRNE L REHRAD
0% % T 2B/ AETH MK/ BOERPRE L 2 ho
7ZHEE R LTV 5, BB, RAEREIIRMEE ORSR
THY, AREEHFEESICEVHE/ BOCEKRT
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BELY Yy OEBEHCH LTI -V Y 2o T
WBIZEWRGTPD
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4.4 BET7=1S5BEBRHRR

Yy v RBERABRAER L b, BREEE 95 NOx HIRH
ELERTSBAPE SN DT, BRNREEE LT,
TNVT =2 T HRBORBESRERIELEBEL Y Y YR
BULBBEEREZFML 2. 28, BEXRIE
Rolls-Royce #: Derby T35 D #ABERRBRF i 2 8 L 720
PRBEABRE IRV % X 8 127" F

T A FErs, R~y 2. 254 TORE
RERZEM L7 SEBHEHANTHE X/ BTEK, BRI
BB DAL TR I RAEST, BEIIRERBELE T
L7z
(1) NOxHHHE

X9z, REFERLEELY Y VITBIT S NOx #
Bh T, RERIC L R~ v N2 25 TORZERL

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



368

LPP 1& NOx BIGE DI RS

BEH R 2 —E L FRFE

0.032312 BT NOx HEHHE6.3g/kg fuel #3EHK L 720
LPP 28R L - NOx BRBESR TV 7 = 2 SRR %
7z AR OEFERBIIMIF2 7%, EICHRIOR
RES2 5, B, CMCH9A4F2HWI-BEL Y
TO NOx HEE B O FRIZ OV TIIHRE T 5,
(2) BRBERh

T A PR TOBRBERT % M08 T, AREMHTIE,
234 1y MREESFOAMBE R LTV B 2012
ABEFIUL I RARILCTREEL TB Y, 99.5%U LoE
WIRBERIER 2 R L T b,

8  MBEABRKIL@PR
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—@—Tast Results
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H 1
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5 1 "’-:{::— <
Target Engine :
4.8 ELNOx g Cruise condition
FAR : 0.0323
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4.5 BEI> >

CMC 54+ 2R LZHEL Y Y To NOx #iH
2% PHL 72,
4.5.1 ZEREES

&M ICEN T CMC 2B 5E8 5 1 FICEBTAZ &
T, AINVTAFEGHL TW2BRORER IR
BT ENURRERY, XOARELBRENERBERS, H
BLY Y ORFERS % MINIRT,
4.5.2 NOx HiHE

BET7 =29 RBEGRBRLEBEL VYUV THESNS
EREESDH NOxHEHEZFHILZ: (K9BHR).
B~ NE2.2504 o NOx B & 13 4.8g/kg fuel
ey, HEE (5.0g/kg fuel) 2ZFR TE B Z & HFER
Iz,

eal leak, Turbine
Cooling :3.0%
g

CMC Cooling:0.0% %&%
K11 BEx VYR80S

5. CMC HRIRBS 1 FOBR

1273K U EOREBICBW T OB #E 2 4 L,
IA4 FEHZERDOHIRIZER 2 CMC Th 575, CMC
BRERE BRI ABREE %13 Ud & 3 5 R R B
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BWREEIZL YV KELSEHT S CMC L 4B B OB
RV VT AEMOLEL D, AT, Thb
CMC 54 F L &BIRBDOA ¥ 7 = — AFITER S
NDEMEERELBIRT 254 PR ITEY ZRL, &
BERERRERZ 1T o 720

CMC 8k Biss 7 4 FOBEHWNHE T, SiREY
B, 7)) — THESORMEEETMRRT EBL, &
EMIZHRT 291 FBEEEsmet Lz 72, B
ME~DI—F 4 Y 7R Y 2 ABEEORETES
BEt3 5 &30, AREBEBOEAIC L ) £ 1 X
DA FEMEERIT, CMC BARIER G 0 B & HA o B
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FMEL 72 CMC BUBRBESE S £ F13, HI2ICRT 7 =2
TR ABREBIC XY, VAT LKLY VUL
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WAL, RFORYMEHE L. ARRBLV
BRI RBROE RS, CMC 288835 1 71
WHCTE A HEL 2187,

POVANVESERS -

P13 CMC BURSER: 7 1 (RBERERTR)

6. REMRREMRE Al FIEEEROBERE

LPP BRBEH RIS BT 2 EMEEDO—DTh LM KR
HEZXIZH LT, IN5295E L THREESRICHEE
B2 RIS A2 2 B L, BREERIET
WOBREIT > 720

AHEZZERT 272OICLEREREML LT, SR
BEOBBERN CTHRECTHEEIZHAK - HECEXKBR TR
ME HHAM L WK - BEEKE R TR 2 R
HAF OBFE & AT 5 720

WK - HOEKEEHETHEEIIRINT 572012, &
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THEINARE, FHU 0L THRIFRES 1TV,
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7. NOx 7 1 — F/\y 7 BUBR G R R 1l D BASE

BETEBERAL Y V2BV, BEWHiBETEST
BRBEFDOAOFMHEIIHIEL, WIhOFEHATH NOx
PEMB 2R T E 5 X 9 RABERIEREM OBRFEE 1T 72
BRI, BRBEROANSME, WMORERZEXREHAL,
PABEIRBICIO U AR OMER T 2R/HEL, —kR
BHORMUBEREZHHTLZLI2X D, NOx OHEH
BEEHZLHH AT L EBEL
7.1 NOx KB D JEE

K%L E (Flame Temperature) & CO, NOx #EH
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7.2 BRERIE X7 LBE

IRBEN I EFF R B D ¥ 2 7 5 % WITITRT . PREE
T TR SN/ NOx BE L COBRBEOM G # #iE
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B 5 BABEHIEE L REBRASE R 2R T NOx RO°
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ARAKI Takahito
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INOUE Takahiro
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HASHIMOTO Ryosaku KAWACHI Yukio

HE o EEe
MURAKAMI Takashi TAKI Hiroshi
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MEBRILRAL T 4 REAME (SIC/SIC) #y—Erva
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Rl %2R, &iRE&ERKERICD W TIiZ1273K,

40,000rpm ORBEERL, v—F ETVOREEMEE
R L72e CMCHMEZRHWT=RIGHE#KR TV X7 % 3%
- BET AR EDMRB X UOEBN T -y 2 EREL
7o EiREERBIIEETTOAERLZOT, EAML
D7D FERET COREBRT— 5 OEEMPLETH 5,

K9 EiEmERERN (1,200K, 37,500rpm)

5. CMC~Y U v ZOME
(SiC/SiC BAMDOMHE LR L)

SIC/SIC BE&MEHZ, ZOBBMALEHERB O 2012,
B, S/ M)y 2 RBERIICH—FKY) HbHw
12 BN (8{bAo %) 2ok RAEMBOEANLETD
%o L2L, IhOIZREREEICE LuwdEiikss
TORPBFEREGC, BEEISEL TS, £ZTAR
icbBunTid, BRI X 2852 <20, B
izt > TEEL VBt RERZREL, T4v
P w2 ZADBALE COOBRRBERI—T 1 VI
WORREEIT o720

AR ERB E LT AlO3, BEEFKELELTLTA
b AEA LSRR, fEkM & EARICIERE T B L iR A B
HED K& AR MEECELATAVE—) &R
L7 ERfERM TSI T 2 KRP 473K,

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.

3.6x10° DEMETRILL %3, %L CMCiZK
T0DREICSRE 2 I ERE 2R U7ze 727250, = FU Y
2 AD T — AL L7275 O iR R K& (R
(b2 HEMD DY, EFCDOLDITITE SR LYED
PVETH DI LIRENT

L R L
300 2 fabricated

oxidized

200

T
i

Load /N

—

00} -

% By B Sy S—1
Crosshead displacement / mm

X10 BA%E SiC/SiC A B OBIREE)

75 BLET. A7 : M{bfk (1473K, 3.6%10%)

6. MMC 7 7>A— 2~ \OERWE
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OBAIZ X ) KIELBREASBEFEEINTWS, T TV
DREZRI VTV F R TiEEHOTFA A2 ETL—
FCRBEIATVEY, ZOF4 AZBICELEED
MMC Z&H L CHEF %@k sZ LICE ) RTHE
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L% WA RN 2 ARET L 2o LART Sliney 51379 X<
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R d 2 FFB 2 R E B 540 & 580
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An Attemp to Optimize an Integrated Impingement Cooling Structure Using

Genetic Algorithm
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' FUNAZAKT Ken-ichi

CF, F, Favaretto

F —TJ)— K ! Genetic Algorithm, Impingement Cooling, Optimization, CFD
Total Pressure Loss, Three-Dimensional Flow

Abstract

This paper demonstrates the development of an optimizing technique based on Genetic Algorithm
(GA), which is then applied to the optimization of an internal cooling structure for turbine nozzles or
combustor liners. An impingement cooling structure combined with pins and air-discharging holes is
selected as target cooling system to be optimized using the single-objective GA code developed in this
study. The optimization is performed by maximizing a target function that is simply defined as the
ratio of the averaged heat transfer coefficient multiplied by the wetted area to the pressure loss. Sever-
al design parameters such as the impingement and discharging hole diameters, pin diameter and pin
height are varied in the optimizing process. A commercial CFD code is used to evaluate the target
function under the boundary conditions prescribed. A hybrid FORTRAN/UNIX shell script program
enables fully automatic control of the whole process, including the grid generation process. It turns out
that the tool developed in this study successfully find an optimum configuration of the cooling struc-
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Figure 1 Combined cooling system to be optimized
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Table 1 Parameter range (unit in mm)

Parameter Range
Impingement, discharging hole radius 105 RI =R D <20
Pin radius 105R, <20
Pin height 105H P <30
Pin pitch (Fixed) P; ,Py =100
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INITIALIZATION
The initial generation of chromosomes
is generated at random

l DO WHILE I < maxgen
DECODE ‘J
Convert the string of binary bits to

real values of the design parameters ‘

FITNESS
Divide the population into three parts. For each part a

different process will execute the following loop in
parallel:

DO 1= 1, Population size/3
Read decoded design parameter file
Create grid system file for CFX4.4
Create boundary conditions file for CFX4.4

Submit CFX4 .4 solver to the batch queue
After completing the solver execution evaluate n

ENDDO

After completing the loop, check if other processes
have finished as well. If not, wait.

STATISTICS <—|

Write the output for the current generation v

GENERATION

1) SELECTION (Tournament Method)
DO = 1, Population size/2 — 1
DOJ=1,2
Randomly pick a pair of chromosomes
Compare the fitness between each other
Chromosome with highest fitness = Parent(I,])

2) ELITISM N 4) MUTATION !
| Sefect the best individual in | 1 DO I = 1, population size - 2 1
| the population. Createtwo | 1 DO J = 1, chromosome length 1
| cloned children from that R Flip a biased coin (p _ -0.033)l
lindividual. Store the children | | Ifheads — mutate " 1
linformation in the last two : ! ENDDO !

| JENDDO !

I 3) RECOMBINATION (One-point Crossover)
IRs.ndomly choose the crossover site

|Flip a biased coin (p heass = 0.06)

|If heads —» crossover

Figure 3 Flowchart of GA-based optimization
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fbsh, FEENicz0RrEnsd, B, ik (22
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WEELLL, 28, fIZEE B3l Ts6Ey b
FORDMGEL, HEREGWO LIBME, TRIEZZhEh
80mm, 10mm &3 5&, 6 ¥y FTHERLYAEEITO»S
63(=2°-1)TH b, #E, (80-10)/(2°-1)=1.11mm & % %,
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3.2 BEkOTOTS3ICT

AR TE, WTROT7T 7V r—3 3 v CFX-4.4% H
WCHEGEONE GARMAEFIT) 2175, oML
HRIAATEGA DTS5 h%, Z Fortran & UNIX ¥ =
WAZ )T P EDMAEDLRETERL TS, 2B, #
BB LI, BEEOHEICERT & TOfFERE
ZHBLEIh TV,

CRE(ET O ROP TR EET 55T, Bk
KIENTCTH B, Z 2T, 0DOMEKEE 3 DDOEBIHT,
32 ® CPU THRIMKIAN % HHNI4T\, FHERMOE
WEMoe BB, 32 HETHDIE, BIZT S
r—3arO54 Lt AOMKRTHY, FHATRELS 4
YV ABHGHEZ AEECIE, SEREECT LI
THb, Y VAZ )T ML, ZO30ODFHESOLR
FE=F—1, 320070t ZXORHHI->TWVS,
3.3 MEFRTFE
3.3.1 BRFER CUVEBFREUVRESRERHLEIE
BLAREZTERICT S0, BEOKRTFER 07 S
LEEA LT, TOMFIZE o TER SN TFH %2 X
4127RF (RE=Rp=Rp=20mm, Hp=50mm). #FHEED
AL VM, FHEAMZ2ENRICAD, 220, BHEED
MU TR TH L) B TFHABERRZLIZH
%o LHEORFZE®™ T, #T 3077 maitk 0t E#
FHEEVWLNTWEY, 17— ADETEICH1IHBEZEL
TBY, EBHTE RV, 22T, kT 5L912, #
FEEE TR E S Wlo GG ORN KR e LBk
RO BT 5 &) T REEEEL

Figure 4 Example of grid system
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#HR— A D CFX-4.4 (CFX-ANSYS) T®» %, iy
EIEEHME & LTk, SIMPLEC "9} Uf Rhie-Chow &
ThNIT)ZXLPERNT, RS T — FRFRTIERS
BREHETWS, GLHEFVIZIZ, Menter 1245 k-
WEF N2 H N2, TOEFLVTIE, BEEETk-,
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BB, BEO—ANBRIATo 5T, SEFEHLL
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FLTW5B,
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(5001, FHEREIZ, SFRFREHERLE LV & —
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MTdhb,
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&, A ([ ¥ Y2 Y ML) T, RE20mm
oY VERICETS VA J IV AEHT1000002 7% 5 &9
LB E 5 22, B, AOFEB Tk MREERS M %2 5-
ZTWh, ZOMDOEMHILFIOMEFR %2 SEIZ L,
AOTORE, SnE, BRESAr—Vi, #heh
323K, 3.7%, R U0.01ICHEEL 7. BEmWIZER
(=303K) T, WY L&HE2S5 27z, HOBRIIHE
ZLOKMG%E, TRUNOBERIHHEREEE2E 272,
%d, LROFMHITEICHE LAY 2D
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Figure 5 Comparisons of heat transfer distributions be-
tween the experiment (Kudo 20) and CFD
(Left column : Experiment, Right column : CFD /
Top : Pin, Bottom : Target plate)

3.3.4 WAETMEEORERI X512 V% &50mm,
VU EZRAOmMm OBEIZOWT, REEEEHV - ER
RO LIERERE BT AHIX59,5208) O LEE%
RYo B, ERLABELTETERIESENELDL
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7y FRFEIE T3, 6% DB\ AEHE, ¥ U EMTIEL6.7%D
BB E W RRIZRoTWA, T2, FEHEKICH
LT, EARGHEE (datum) IZ2OWTHOARTH B,
AR TI327.56Pa (R2BROZ L), EERTIZ26.6Pa
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Figure 6 Convergence history
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Table 2 Values of the target function, averaged heat
transfer, pressure loss and control parameters
before and after the optimization

Optimized Datum
target function (1) 0.010946 0.007448
h 28.46 W/m*K 28.51 W/m*K
AP 19.46 Pa 27.56 Pa
R = Ro 20 mm 20 mm
Re 10 mm 20 mm
Hp 77.7 mm 50 mm
Qptimized Datum

impingement Hole

Discharge Hole

30 0
[W/meK]

Figure 7 Heat transfer distribution for optimized con-
figuration in comparison with that of the datum
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2. BEMAATRE—-E>

F1 2003FEFENEEAREUES W)

X% Size|/’ Small Unit|#% Medium Unit| A% Large Unit| 4 M 7
0~735kW 736~22,064kW 22,065kW~ Total
i b7 a—-F A% B A e WM h e B (B B 5
Application Code |Units|Qutput (kW) | Units | Output (kW) | Units | Output (kW) | Units | Qutput (kW)
20— KT
A .I\%ﬁ}ﬁ BL 69 15,341 33 143,610 17 |1,391,350| 119 | 1,550,301
Generator Drive for Base Load
¥—2ro—-FREM
Generator Drive for Peak Load PL 0 0 5 20,350 0 0 5 20,350
TN =5
#mﬁﬁ%ﬁfﬁ EM 162 59,910| 143 238,978 0 0| 305 298,888
Generator Drive for Emergency
] i hi|
Merchant Marine M 0 0 0 0 0 0 0 0
g Bz hi|
Military Marine MM 0 0| 13 114,600 0 0] 13 114,600
Foforar 2 H
Miscellaneous Chemical Process PR 0 0 0 0 0 0 0 0
# B H
Education XP 0 0 0 0 0 0 0 0
ze B H
Air Conditioning ACD 0 0 1 2,000 0 0 1 2,000
%. » fte MC 23 1,057 6 9,663 0 0] 29 10,720
Miscellaneous
A =
H 8 254 76,308 201 529,201| 17 | 1,391,350 | 472 | 1,996,859
Total
ACD 0.2 ACDO.1 MCO05
MM 2.8
MC
6.1
BL 25.2
PL1.0
PL 1.1
EM 64.6
B4 2003EREBEEGHEE (%) B 5 20034 H#BIHIIEE (%)
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£2 2003 EMBBAEEABEUHN kW)
X4 Size|/MY Small Unit |$# Medium Unit| K& Large Unit| & W 5
0~735kW 736~22,064kW 22,065k W~ Total
RO M a-F | &8 B O | A% B (8| B O (&% B K
Kind of Fuel Code | Units [Output (kW) | Units |Output (kW) | Units |Output (kW) | Units |Output (kW)
WALRIR AT A
Liquefied Natural Gas LNG 0 0 3 15,240 0 0 3 15,240
7 RISH A GNG 1 700] 11 40,500 14 | 1,300,870 26 | 1,342,070
A | Natural Gas
| RACRE A A
H Liquefied Petroleum Gas LPG 16 880 0 0 0 0] 16 880
Gaseous | &1t %7 % GTW | 43 11,716| 21 86,770| 1 41,000 65 | 139,486
Fuel | Town Gas
AW 7Y P ATHA GOG | 0 o] o0 o 1 27,1200 1| 27,120
Plant-off-gas
7R /R 60 13,296 | 35 142,510 16 | 1,368,990( 111 | 1,524,796
Sub Total
BT H T 63 15,894 | 33 61,307 0 0| 96 77,201
& | Kerosene
% e w |
¥ . K 25 6,827 44 181,315 1 22,360 70 210,502
Gas Oil
Liquid | E 1 7
Fuel |Heavy Oil No.1 H1 106 40,290 88 141,319 0 01 194 181,609
WARANR /bt 194 | 63,012| 165 | 383,941| 1 22,360| 360 | 469,313
Sub Total
%@'fﬂ’.@}-ﬁ?ﬁ' MF 0 0 1 2,750 0 0 1 2,750
Miscellaneous Fuel
& &t
254 76,308 | 201 529,201 17 | 1,391,350} 472 | 1,996,859
Total

X 6
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X4+ Size |/’ Small Unit |$& Medium Unit| K& Large Unit| 4 H 5
0~735kW 736~22,064kW 22,065k W~ Total
IR B H | BE| B K (BB B A B BN
Location Units [Output (kW) | Units |Output (kW) | Units |Output (kW) | Units |Output (kW)
it # &
Hokkaido 3 1,060 7 8,800 0 0] 10 9,860
K’ it .
Tohoku 14 5,931 10 14,165 0 0| 24 20,096
B X
85 30,376 | 94 180,902 3 87,900 | 182 299,178
Kantoh
h Y
75 19,374 20 44,868 0 0] 95 64,242
Chuubu
U
. 26 6,724 | 30 78,471 1 41,000| . 57 126,195
Kinki
A
1] i 11 4,701 3 6,800 0 0| 14 11,501
¥ | Chuugoku
|
Shikoku 6 2,540 1 1,400 0 0 7 3,940
Domestic " M
Use 14 5,263 9 19,595 0 0| 23 24,858
Kyuushuu
ﬂp. e 1 300 3 15,000 0 0 4 15,300
Okinawa :
ﬂﬂﬁﬁ.ﬂ:‘% . 0 0 6 86,250 0 0 6 86,250
Marine Propulsion
ﬂﬂﬁﬁﬁﬁ e 0 0 7 28,350 0 0 7 28,350
Marine Auxiliaries
*x &
Unknown 19 40 0 0 0 0] 19 40
Ed \E
B /hat 254 76,308 | 190 484,601 4 128,900 | 448 689,809
Sub Total
it *k
North America 0 0 0 0 0 0 0 0
S S
South and Central America 0 0 0 0 2 49,480 2 49,480
7T VT
. 0 7 9,800 4 42,920 11 552,720
# | Asia 0 8 5 5
H P M
¥ M
" | Oceania 0 o o o 0 o o 0
W
/4 I
0 0 3 14,200 0 0 3 14,200
For Europe
Export||H v &
Fomer Soviet Union 0 0 0 0 0 0 0 0
L
Middle East 0 0 1 20,600 0 0 1 20,600
1
77 )7 0 0 0 0 7 670,050 7 670,050
Africa
Wity et 0 ol 11| 44,600| 13 | 1,262,450 24 | 1,307,050
Sub Total ’
& it
254 76,308 | 201 529,201 17 11,391,350 472 | 1,996,859
Total
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426 2003F H 2 & — E > RUBMBHEAEERET
F4  2003FRBHRMEERBROCHY W)
X4 Size|/N#  Small Unit|H# Medium Unit| K& Large Unit| 4 H 7}
0~735kW 736~22,064kW 22,065k W~ Total
B OBR B B A a—-F | B B h (Bl B h (&% B h B B B
Driven Machinery Code |Units |Output (kW) | Units |Output (kW) | Units |Output (kW) | Units |Output (kW)
Ed %: B G 241 71,385| 182 404,938 17 | 1,391,350| 440 | 1,867,673
Electric Generator
e & B PRR 0 0 6 86,250 0 0 6 86, 250
Propeller
KX ¥ T w 13 4,923 12 35,218 0 0| 25 40,141
Water Pump
%7)1&0)%‘/7’ MP 0 0 1 2,795 0 0 1 2,795
Miscellaneous Pump
s =
- at 254 76,308 | 201 529,201 17 11,391,350 472 | 1,996,859
Total
PRR 1.3 —
w
5.3
G 93.2

X8 2003FEMERENIRMAEEAEEE (%)

B9

20034 HEERBY BB i EI & (%)

#5 2003FEMNXGHAEEGBRTHS (kW)

W X 45 &W) [=E M7
Unit Output Units | Output (kW)
0~146 64 2,998
OB - 147~367 87 22,475
Small Unit 368~735 103 50,835
0~ 735k W /Mgt Sub Total 254 76,308
736~4,412 168 279,391
mom 4,413~10, 296 26 142,960
Medium Unit 10,297~16,180 2 25,500
736~22,064k W 16,181~22, 064 5 81,350
/NGt Sub Total 201 529,201
x M 22,065~44,129 12 327,230
Large Unit 44,130~ 5 1,064,120
22,065k W~ /NEF Sub Total 17 1,391,350
oy & Total 472 1,996,859
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#6 2003FERBRANAY—YVHENEESERUTBA kW)
X4 Size| /N Small Unit | % Medium Unit | A# Large Unit £ W B
0~735kW 736~22, 064k W 22,065k W~ Total
B o# a—-F| A% M5 =E:4 m oA B w5 B W A

Application Code | Units | Qutput (§W) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)

R—2u—F%EM | BL 0 0 0 0 4 128,900 4 128,900

:?5? ¥—r7u— FREMH | PL 0 3 15,000 0 0 15,000

%Jé kEHRERER| EM 0 0 0 0 0 0 0 0

Domestic/Public Use 0 0 3 15,000 4 128,900 7 143,900
EWNEERH /4§ Sub Total

~N—2u— FEEM | BL 69 15,341 26 105,410 0 0| 95 120,751

g ¥—2ru—FRER | PL 0 0 2 5,350 0 0 2 5,350

J%ﬁ ¥ FHEE M| EM 158 57,850 | 139 232,578 0 0| 297 290,428

Domestic/Private Use 227 73,191 | 167 343,338 0 0| 394 416,529
EWEFEH /o & Sub Total

EMW&Er Domestic Use Total 227 73,191 170 358,338 4 128,900 401 560,429

# | N—2u-—FEEM | BL 0 0 0 0 3 93,160 3 93,160

g Y—zu—FREH | PL 0 0 0 0 0 0 0

% FEHREEH| EM 0 0 0 0 0 0 0 0

For Export/Public Use 0 0 0 0 3 93,160 3 93,160
WINEEMR /A 8 Sub Total

# | N—20—FREH | BL 0 0 7 38,200 10 1,169,290| 17 1,207,490

Haj ¥—r7u—FREH | PL 0 0 0 0 0 0 0 0

% k¥ HREH| EM 0 0 4 6,400 0 0 4 6,400

For Export/Private Use 0 0 11 44,600 10 1,169,290 21 1,213,890
WM BZEM /A~  Ft Sub Total

#AE For Export Total 0 0] 11 44,600| 13 1,262,450| 24 1,307,050

x |N—AU-FREEM | BL 0 0 0 0 7 222,060 7 222,060

% |¥—su—FREH | PL 0 0 3 15,000 0 0 3 15,000

¥ HREEH| EM 0 0 0 0 0 0 0 0

Public Use 0 0 3 15,000 7 222,060| 10 237,060
B¥XH &  FF Total

g |N—Au—FREH | BL 69 15,341 33 143,610 10 1,169,290| 112 1,328,241

K |E—2su—FREEH | PL 0 0 2 5,350 0 0 2 5,350

Wl w memm| EM | 158 57,850| 143 238,978 0 0| 301 296,828

Private Use 227 73,191| 178 387,938| 10 1,169,290| 415 1,630,419
BEH & & Total

78 g1 Grand Total 227 73,191 181 402,938| 17 1,391,350| 425 1,867,479

Note : Code Explanation BL : for Base Load PL : for Peak Load EM : for Emergency
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3. MERAHRE—-E> 4. Bt
K7 2003 ES—KVzy v F—=FI7v - TV R  2003FBMBEEGED L UCRRH
2 o
&Emﬁﬁz}ﬂiﬁ (kN) [Z ﬁ} Size ﬂ it ﬁsﬂ
BEEH | . RIAMERT| EREREA R | 8B e
No. of Units Thrust ' Class | Outside Diameter of | No. of Units Models
( ) ( Compressor Impeller
¥1 V25001 —X (216%), CF34v V) —X (1748) &I v,
Excluding 216 Units of V2500 Modules and 174 Units of CF34 Class 1 0~ 100 2,874,414 87
Modules. Class 2 101~ 200 14,381 29
%2 {EEFERKAT A b -
Maximum Thrust at Sea Level Static Condition Class 3 201~ 300 447 21
Class 4 301~ 400 214 19
% & Class 5 401~ 500 84 14
8 2003FES—FKyx 7 b/ F—FKFuvw s -
. Class 6 501~ 600 191 13
HEEARBEUCHD W)
X 5 ZHT (W) Class 7 601~ 700 156 10
73
Size 0~735kW 736kW Total Output Class 8 701~ 800 23 3
H & BEI B I REE O (RR s Class 9 801~ 900 126 10
Application |Units) Output |Unitsy Qutput [Units| Output Class 10 901~1,000 0 0
Ese Bi%H ’
Fixed Wing Aireraf 0 0 0 0 0 0 Class 11 1,000 0 1
1 & B Total 15,622 120
NIIATIR | g 636 | 38| 51,287 |42 53,923 =
Helicopter GRS AL B 12
*ﬁﬂﬁ%ﬁ%ﬁ?ﬂ 171 1088 | o 0 17| 1.088 No. of Companies which supplied Data
Auxi)rlvi Units ¥4 BARBVWThIPFRI-EXTHD,
=) 51_ 21 3,724 38 | 51,287 59 | 55,011 Every model is an exhaust turbine type supercharger.
Total M5 AEE, EMEEBSMEI0NN AT ERT,

%3 WwmmELELERHED
Normal Output at Sea Level Static Condition

The figure shows total number of superchargers over 100mm in
impeller diameter.

%6 JEMBREBESEIONMm 2T HERT
The figure shows the total number of superchargers
over 100 mm in impeller diameter.
107
2,874,414
]
10° 1
[ ] 4#E&%  No. of Units
10° B 2% No. of Models
14,381 15,622
1041
10%
0 447
214
191 156 126 120
1021 —I Y —
87
29 21 19 23
14
10t 13 o 10
3
. 0,0 od
0-100  -200 -300 -400 -500 -600 -700 -800 -900  -1000  1000- AEf*e
Total
HEAEPR R B Z (mm)

Outside Diameter of Compressor Impeller

K10 20034 EfaHA B B3R UV RIUE
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