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LOMERY T2 HU LOENBRE2ETAIEEZE
RKLTWBDIE, ZORNEERT 57:0THb, K5
Tid, HREAMEZICB 2 EMEHER &Y
YEZY ) Y TOEREBASIN TS,

RIZ, FL Rk - BRIl 2 A 5ER3E 3 4 2 &1
Yo THzEROZEZMLELIELHIeTH70T 2
FERBNT S HEONGULENMERDEL & - 725k
DEM - BRICHDHD, TV VICbBEHTELLON
%\, FAA & NASA IZ, #iiZEstt, K%, MEED
71 % %% C NDE (Nondestructive Evaluation Systems)
2T TH Y, REMOMFEMEREEL X
ELTWwB, £727 A4 F 7ML RED L E o T 1997
EH 5 AACE (Airworthiness Assurence Center of Ex-
cellence) FIHEI2SED SN TB Y, 5% 2004 4E F TIZ
CEBE, 77y, BEMONIKE, BRACHOME
A RS ORIEAMT % B L CHi O R AR 2 EHET
5ZEIZLTw5h, KREIOMEREIIHT 5 ERAHLD
BB Do
2.4 BRRIZHTHEM

RBIIMZERORENB I UOMET Y ¥ v O N
LD72DDORKRDEANIDOVTHRR S,

FO—oi, REMZEMAICHEST 5EERETH D
ICAO (International Civil Aviation Organization) %%,
R OH AR EOHERIZINT THER L ) — AR LT
LM DOFERR R B % 4T 9 Safety Oversight Pro-
gram ¥ HbH L2 & THDH, FONEILIEVHIPHIZ
bl2nh, LI, BEELE (REMEREI RS
KD 12%) OWZEHFHAED, FTEED 10 FIZDELT
WAHZEIERL, BEEEIREKEDETFEEZE
HLTW At vwbRTwa,

b9 —2iF, KE®DFAA EFKIND JAA L 25, &4
DRI KRR B OFH B AR EAEH R ETOPS IZ# Lo i
LEWERFTITIRALETAZEEbRL TS, 2
NoOBUFHEIE, BAETS FHIEwny I 2iik s
HiR 2 5B BERSELO08 )k, T I Y
A —H RMZEEFICERT B L) X7z BAEMIZIE,



AN 52— OEEERL & FHEEE

AXAR 2 —E L FRE

EEMEREO SRR oM E, 74 27 OEEHAE,
BIERAREM Om L, HFaEFEEmogR, 54 Mo
MEEHRE SREORRENHNRE R > TV, RIET
VI HZEDOMD-88 T2 DRHE T L EHKT,

ZORRE RS2 JT8D VYD T7 7 T4 ATHE
BlZowTid, vy ryoxA—hThsHPEWFHON
HERGHEETOMBEEHRD D) OMER R I
TWwb, TNHDBXIZHL, KOZ Y IV A—H%
i, MR- bH LA TREMICE) HA TY
Liwbhb, TONT, - EHZ2EZE RO
BUK, FHigoFIMRM L L, ETOPS IZHRb % ik o
REOM BV HEERENORNBEDOBE R I N TV S,

3. MERAHRXZ—E > ORI

MBHT A Z —E iZonwTlE, RN/ SY — K
D A N SV Y N1 Dl iy g SV M A A AV
5% T, K REDHEHAIBAINTNS, T/,
FERLY Y VHEREROEMES DL THRASIATY
bo TITIITIE, ZOHERINIAKNT V>
FRFTHICOWTZOREZ[ANT A L & Lz, A
DR T, KE® IHPTET (Integrated High Perform-
ance Turbine Engine Technology) &lHi, 1AE DGA @
AMET &Hii, #f7HFD CF34-8C ¥ Y DRR%IC
DWTERTELDPSDIIEETH S,

MZBRTAY — ¥ U EMiZ, SHEHEM & CFD #
MeaRABLELTREIRELODOD S,
3.1 HSCT (High-Speed Civil Transport) BT > >

KEIDSNASA % HUIZE G L T 5 R & %
HSCT #:#F @ B 92 &1 i HSRP (High Speed Research
Program) IZBWTHIERBHOBKBIFZ YTV 2D
B ORIATCBBNI ST b,

1IZZFIERR SNV I VONHETH 5, KR
i¥ mixed-flow turbofan cycle EFEEND ¥ —K 7 7~
IrIVUTHhY, 77V PRV 2y P ERIRA
S TEEOKRZ K> TWnb, EREE(LDZDKAEL
Bol-BER ) ANDEND, T, Vv 2T —0%%
IR LW RE F &2 EE R TRITT 2REORENEE
Rz TFHHWT, ERIZTESFA 7 VIV ERL
TNANAERITE— FIZID U THEL TWzd, &
DR TIEENEIT> TV, TORICDVTOEZ
HARRTH %,

IV Y OMFEREICIOVWT, MToX ) 2#B TR
BETHEORE LT bITwd, EREHRTL U,

F&5074—1, AMES0~601 v F, F—E 74 R
yOERBIESHEL Yo 2L, BHORM, EH
IOTVEDEBENIIRELS D, £ THWE, F7
Ay —VERERGOEH L Yy THRRT LI L 2%
ZTWi, LaL, EEOTERREFEIMIKRENE
EDHBA L7272, 2006 4FIC L T Y A—AHE 1R
DBEREEHL, 2010FICEEREEVIRED F
ALATF YV a— VIZHIZELEL ZEIIRETHLZ L
WhiroTE&, ZD72, T Y ¥ A — 5% NRC(Na-
tional Research Council) i, V) A 7Kg D7-D 2 £D
FRRRIEFEL ¥ Y OBEDO AT b T RITHAER GE
IV UHE, BEEAUFORE) 217 T L2 ER
LTwb,

AR CHRHAPFESINEEIN TV S ELEMIEIL
ToE:BYTHbH,

ALy ME2RILETHY, PR/ ANiF 2 RLa v
r—=Yr ATV M OIFY -
T JANVTHB, £ Ly PTIE, HEHET A
7 a—FEHGOR I DOEMIREIT R o T b, 2001
225 2002 12DNF T 50% A —IVE TV & BAE L CRER
T Ao HER/ ANVTIE, BFEETE L CTwb 2 RL/ X
WX ) EREROBEREMEL 2 ) 7T TEX 52 b h s
72A, TEREIBSINTWDS, 2 RTT/ X VAR
FeldtE - 72135 D T, CMC (silicon carbide-silicon car-
bide ceramix matrix composite) HFLDWEIT/ A % HEE
LTwb, FI00 =Y Y2 EHLCRETHTFETH
B0 IFHEIAN 7Ty SIIBEEHTH D, BRI
FHIZ DWW TiE, P&W #tid RQL (rich burn/quick guench
/lean burn) 53X %, %72 GE i3 LPP (lean premixed
/prevaporized) HRAZMFEHFTH %, T LDFEZTW
X DIFELWY, FIIEERZVWEWV) I EL LV,
WHNEFI9 LY YU TAS—LVEFLVRBREFELT
W7z, 2001 EICEHRKROEFIVARABEIT) 2 &2
oo B, T3Ivia it aTERETHY,
I AFIICHERD L 2 Edtbh ozt Eb
NTWwb, TIviary -4y 7 20BEMIIHNS
g/kgfuel TH Y, &7 ¥ BEERER Tl 4~7 g/kgfuel D
HALBEOLNT WS, AN, B&&M 7213 CMC
rREhTH D, ¥ T4 A2, 7T L— FRAMEIZ
BREEHESEZHEHTAMREIBVIRETD 5,
FERERLYIrD2~3fEORELEDF -V - F 14 R
IHBBETELPAWHTH B, 2 H M X IHPTET &
WTHRBEL-BMNELFHTLTFETDH 5,

Oy ~ ?

1 HSCTHx ¥ YHimE®
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MZAH X2 —E - OEREER.L EREER

mERER - AR W

3.2 ¥PR-&—=KI7721T>I>%

P&W 4kid, >k GE 4L 1A SNECMA #k 3 [7] B 5
DY —K77 Yy CEMS56ASLER (1997 F F
TOWRFEE T CFM 56 254 8,500 3, TAE @ V 2500
A9 1200 2&) 7S 15,000~23, 000 F >~ K O diss1a1F
LLTEBEDY—K77 2V PWE000 &, F72
H#e57 22,000~30,000 R > FomEmTE LTF7 K -
y—FK7 71V PW8000 DEHFICHEY HT Z &
ZEFE L7, X212 PW 8000 DI % /md . SHIEE
WCREREENRIATND 100 AF D RiEOMERE A
hzudige LTwb, AftiE, ShETEF7RITELY Y
FREENA ALY —KT7 7Y v ADP (Ad-
vanced Ducted Prop) DBFZEMEIJICILEDTE 72,
LA L, #553,008 K, 77 hE1184 ~
F,40,000 BHOFT Ry 7 A% L 2FEiEz v P »
ZBMEL, 1993 FELKRET 82 B o M FEBR %47 - 72
BICHEETRL TV 5, HAE L TiE, BE/LIIRD
o WEAMBEFLLOaX MEEETF TV, 4EN,
FONEREENOZY Y TOFEPFKEE V) Z LI D,

FALIZ ERITPWR00ICL Y, ZOZ T ADBEED
y—XR7 7Y vl LT8~10% @ DOC K
(BB ORE % T M, 600,000 FIVEIK) 2SHRE & 72

o ZE6HEFTICMMIBARK L T, 10 » HEIZTHER
iz, 20 7 R ICRAGEHZ NS FETH 5o

F7IZDOVTIE, FALIZ#EZE 10 F 0, 34 5000 75 F
VT 950 BRI AREBR L C & 720 FYah®IL 99.7%,
FTIMHHTAMBMBRZ Y — R 772V D245
WIEEL v F 72, G EH B HEE b FEF 1T/
XL o TNHDOHEMIZIZ, ADPBRICE » TH S
NP R IE SN T 5,

PW 8000 Tix ADP X h/NITH % O Trfti 2 EH
WKHES WS ke L, F, BMAUEY Yy F TR
FHET, BEOAIFTA MY N—HE2FEHT L, 20
D2y FEL7 77 L— N, GffizrhEre L
BTWwe 77 VEZFWRT~TIA VFE B, FTHITS
T, InEERE 3,050 rpm TH 5,

EL L6 A HatMiket =BG35, CFD atH L
MEDMRGE & FEAERZBEZFIH L THERZ KRS
WL, FIERCHEZINESER 2520y Y0k
LT, @B 40% WAL, @R 50% WA
Th, 77 UL 1,050 74— b BEBLLT
BEEAT—V3IHMBEL ) KIBIKST 5, LaL,

M2 ¥7F -y —FK77 I WEH®Y
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Ty OHERIIZEDL 2V, 77 YRRFEEIT 1, 369
R P B, EHRIEIAWPZY, 7—AMELANT
3.33Td» b, CFDIZX ) 77 v F v 7RIKELRL,
TARY 2.2 %o 72 F FRLL BT, JEMEHED S
BCHENI12 v BAMREHI & o T b, MRBES
\& Talon EIFIZN HE NOx BMiAEH I N T 4,
ZZTH CFD BRI IS TVD, HEy—F
YH1BEOEAM - THY, —MOF AREILHE
LTI D, COREBTOHBERZHET LI LIILo
T2B Y- ERBLRE N E 1~2% ICH
BT EWNTE, WIS X 2B PIE 5 R s ulfim e
TTHy—E VEOBEZHRT 572012, Super &
B W ENZERGEEBIN THAMN & > THEREWIST — %D
AT ERWREICL, RALmERLZEREE TS, £
72, BOMEAEA Y )Y ARR—RETHLHERES
ETBHIEICED, kT Iy B a—T 1 VTR EM
WCHEHBNETAIENTE, KESY—EICIE3ED
FlEE 7 — P HEHASNTWD, FERIIESGHISR
bHo TNHOHEMIZIE, RED ATEGG(Advanced Tur-
bine Engine Gas Generator) #1TH @ & £ X° PW 4084, PW
4098 FHEDO KRB L ¥ 2 THEFRF A O BRFHEM AT A
nontTwb,

I 2T yOY A ZIVETIIE 40, NARARIZNITH B,
3.3 VIOL#AI>> >

EE, VIOLBEAEE 2B TWvw5, BRATIRE
S ETHLH, SHRIGHAROTNE LT, REEIC
L VIOL BPZRHSNLEIRLEEZ LD,

3.3.1 V—22 5 LU TYPE 609 DEIHEIE

KENFOHETH D XV-15 &I 20 FED L
OMBAREHRITITET4 VI —F B VTOL B V-
2F ATV A DR IRE - 720 ThE TITHIE
Bl BRERMEEEHETIOREEL, COBRERTDD
BEBOMIENMEE 572, Zhid, LRIP (Low Rate In-
itial Production) D\mMDO L D TIH Y, S EILBKIC
360 B%, UFERIRBRIC 50 4%, BEICASEIMAINSD &
W, TV VL, V-228RICEHBEEINTY U U4
DIF—KRIx T b Y T406 =2, 6,000 shp
OB THDB, TOBOTy I, BRTHAI LG
BRTH AW, LTI v ERPRET L7020, TV
SEROMYE, i AT L ORESE, L VRHEL ik
FTELEVH D,

1996 ARV K—A Y 7HIZE o —rF3nik
FAN b - u—%—TEXOEH VTOL # TYPE 609 i,
BEOBULEDZEEZBTHWEEShbhTns (M3),
2EBIIIORIT LI A2 NG T 55T TH B, 4
WO ER M, AwmEm~oHk, R, HH, B2
B, BEECHDL, M S 20 ERIC 1000 KEDPTEAS
FREESNT VD, 6~9 A T, RATHEIZ 510 km/hr,
Wi EEEEX 1,380 km L SbhTwb, TV e LT
3, BfED L Z A P&W Canada 4L PT6-67 A ¥ — K



" 5 - B

MERA 2 — € DEREER L &RREER

BERARE—E L $4as

26 ft diameter

60 ft (18.3 m)

33(10m)

K3 TYPE 609 RH VTOL ¥

Py T7 b rY L, 1,848 shp DMENE Z LN T b,
3.3.2 JSF (Joint Strike Fighter) DBRFEm

KE B & O E O K ik B A% B 78 5T JAST
(Joint Advanced Strike Fighter) IZB8WW B F @ JSF
&, TR 3,000 MOFTENRATNTWEETIZ, BE
EEFELVESFZR)IETTV5, oM, 3 v
VarORRLZEHE, BE, HLBRSEHREEIC70%
DEOHREME2F-EL I LI o TREZHRT 52
Lo Twd, BEMICIE, BER-TWS220H
FF— H121999 4 F TIZEH A & STOVL (Short
Takeoff and Vertical Landing) HEO#a% EIFE ST
1F—2A%23RL, 2001 ST EEHREZRGT S0
Thb, BIE, vvF—F~x—F iz hltdsr5—
Lk, K=o izl $5F— ANEEEBERED
T2HODEEFRY 2T TREEZE > Tnb, M4l y
F—F—F U HDISFOLLY I VAT LABEE R
T, EHEOEL LY i, PRWHOF1I9 T VY

JIWCELTEBY, STOVLEOEBEINIZY 77 7
LIFT FAN
F119 DERIVATIVE
ENGINE
ENGINE NOZZLE

LIFT FAN
NOZZLE

/ IN STOVL POSITION

B4 Tv¥—Nv—F Yo JSF (STOVL) i
LYVYYATF L

YRR ANEREET L, 7272, BEICA-LB
DELYIELTI, PRWHODOF119 =Y & GE
HOYF120 L TPV OMiAEPRHAEINSLFELEbR
TWah, koL I x—A1F, V777, R
I AN EEOTHMLRERE ZT>oTwb, ZO—D
£ LT, Rolls—RoyceftizF % o8,y 7+v77 0%
BELTWLY, CRIZZNEFTTRAROT) A2 THh
D (X5), 1.5 F>DA4 Ty FoHID LT 220 K
YFOBGIZLTWBEY, £72, GE4tix, 1 L v b
TAAM=a VICHWETER Y 7 VEBRBL TV,

KI5 Rolls—RoyceftU 7 b7 7 DF% 8Ty 27©

4. BhHi)iZ

MZEHTY Yy OEBEEMIL, 21— ThEMESR
HizkoTh, TA—FTHEHL LYY VREEMIC
EoTHEBBABEEIIRLEERbNS, £LT, Witk
OB IBFRIT L ) —BREICR L LEZ 5N SH,ETOPS
B—RIEL TV BHT, RbFEFICE - TIdE 512
EIELLETH Y, COSHOREL IR L v,
Mzer o T U EMIE, BORBENLESEZZKTOOH
bo ZDJRENIIZ, WA BB, CFD Hffr, BRiE
BEEMOERIIH 5. BHAED ZOWFHIENLZ &
DHEVED, WERICDWELTENTLULENED S,

BEE

(1) BRARAS -V A5 19944E 3 A5

(2) AVIATION WEEK & SPACE TECHNOLOGY, March 30,
1998, pp. 72

(3) AVIATION WEEK & SPACE TECHNOLOGY, October 13,
1997, pp. 70-74

{4) AVIATION WEEK & SPACE TECHNOLOGY, February 23,
1998, pp. 32-34

(5) AVIATION WEEK & SPACE TECHNOLOGY, November
25, 1996, pp. 25-26

(6) AVIATION WEEK & SPACE TECHNOLOGY, March?2,
1998, pp. 39
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FEER - MUZEH T A & — ¥ v OfF M £

ETOPS O#jiy & 3 ER

R P

NAKATA Hideki

1. ETOPS MOBIE #1 FERMY v MREBIZX 5 ETOPS EMikiR
1.1 ETOPS &1 e TR ETOPSSERBIZE &L
BUIEBEAS, RATHICSEEI%AS 1 Hefe il U REEES L B %ﬁ$ 12057 | 18053 | %ofth () Pud)
IO B8, ZERICELZRF) ORITEETO B767 RB211-524H % % 4 (105, 127, 138)
FATHERIAS 1 B2 2 T L E )RR 2RITT 5 EH % ) JT9D-7h4

. . ) (51802, 247 [ED CR6-80A, 80C2
ETOPS (Extended Range Operation with Two-Engine e P0g1 200
Airplanes/% ;éﬁ% W2 J: Z\) ﬁﬁg%ﬁiﬁ_ II:H Eﬂﬁ) C‘: V%al/\ i To (&3t 75,875 ) RB211-535 22 9 5 (138, 150)
1.2 ETOPS DR B777 PH4000 . L am
FAETIE, 1989 FEICE&HEBIZL o THRIH-/Ny 2 (&t 3652 ) GE90
2 #C ETOPS 12 X % @ WHEOSALAHAE S N0 & 1 i B I
Yiviz, HA#MZ, 79—V F-Z7 -2y bJ—2, H A310 CF6-80 1.0
> t5 o g < e~ Jae CP6-80C2 8 1 2 (90, 170)
KT ITHAED A2 B 767 BUEIZ X % 120 47 ETOPS iy ) X
GE) OEMBEBRAELTVE T, BHOEMEEL S (5173, 257 12D —
A al, EETTOF— 5 TRH6,900 BIZR D EF. A300-600 oo 2 2 ©0)
%3, BEETOPS X 2 EMEOENMEFT > TV B D (&t 21,542 D
I HARZEE 2 H 22T T, OARMZEIEY £ /S V8T, (ﬁ?ew@ V2500 3 (75,90)
EHZERET VT, A&7 = T7HHRT, B767124 5 120 — T——— 0 —
45 ETOPS #47->TwE 4, A330 |~ CF6-80E1 1
S P - . (BE 11,144 [m PW4168 1 (90
GF) ATz TR 1 BEEIE L, 80 0 1 KO RH fILIMED | )

(19964E12 A31 ABE)

TR D ORI E TORITRERIAY 120 77 % %
% ETOPS
HROIZATHRLE, F—A v 7HOHZETIZB
767 % E MY AWML 774D D B 56 42 A ETOPS %
fToTBH, 802,000 RITOEKEHLTVET, [
BRIZ B 757 Tid 105 4L 9 % 36 4L TH 76, 000 AT, W
FOBTI7T TIE 9D B 24 ABEIC ETOPS % G L
TBY, BRI 24 MbLEROATVET, =7
INAKE oM T, A310 ZEMT AMER 234
TH 173,000 AT, A 300-600 Tl 7% T# 21,500 A
T, A 320 T3 34LTH 600 AT, T 72 A 330 Tid 3tk
TH 11,000 RATOFEFEFRERAERONTHWE T, (K1
I ZeiE RIS BT v Y LD ETOPS iR %
RY o)
WMESMELTRTALE, 2HA4F v NfiZe, 72
hUMZE, FINIHLE, T ATy, EEME, 77
G YA, VT IV, AL AFLZE, SAS, HARFHLZE,
HYF AL, TTA T4 TELAE V2L DT, KK
k¥, TYVTOFEHRESTZIILDOE  OMESILA
REMTETOPS # % LT F 3. SIS R REH

JEfaseft 199844 H 3 H
EORTZE B AT e v 5 —
T108-0073 HEHREX =H 1-3-39

* 1
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WBWTIXETOPS 28l b LTHY, KEMEATT
WZDOWTRTASE, MEMIZL ZEMMPBEIC S, 458
WoEMEE B> THY, KMNOMAZEHETH BRI
DEHEA 3, 4 BEOEMBUIEDEZ 20D T7,
ZDOXHIZ, ETOPS B35 HTEEoREWT 5
IRENT, HERMIELSER LTV T T,

2. ETOPS MFER
2.1 ETOPS MEA

1950 F R EFTHOL ¥ T u B RO BEMEIK L,
FATHIZ 1 DOFEEIEIL L, BIEHVTR D D5E)
BLEILT L EEHNER) T LIZ R RERTIE, B
BAEBERTALRATE» 5@ BN TRITT 5 2 & 24l
W ALERHDLEEZONT LTz, 20720, iz
WHEFEITMHE T L MEERIE, RAE U CHERET L RIT
Bdr & 1 BEBEAVEBYF O S E T 60 4 LU F B TRAT
LCiE7 b v ERENERBZEHAN ED O E Lz,
Z D 6043 &) Burid 1940 ER B A S 1950 44K
FiPEOEA Ny IV OFFEEIZESS DOT, L
DEA N YTV ORBEEOKS 25, RITHIZ1D
DOFEEWEDE L L2 BE TR Y OREEDME LT B



m A% - EBim

ETOPS MO &jm & EFEMEKR

HARHR 22— 2EEE

REIIRF Y ORITHIERETE L 201212, HHEZIT
ZHERITEG R OHIZ60 0 UNZRITES S 2820
WHLDTL. (112 ETOPS &M %ERT.)
FOH, RMREHII sy Py I U RHEESNS
Iy, ER Py Y U IZHARTREEEOSHEE
BRELMELF LAz, 8121980 FEfLIZ A - T, B767
REEO RIFMENEREY AL, BEELIEVIY 2y b
IV ORBESHIT 5128 X, MEAHTIES
n%®%ﬁﬁ%k@¢ﬁm%ﬁﬂwﬁwwﬁiﬁﬁ’ﬁ
L nwtHET S IhoT&E L. RED
f—%yﬁﬁmﬁéfu,txb/l///w%g,%
Bk (M) BREL BB IZONTEFEIME T T 5725,
Vv PRy UTIEEEIIEEE EH) okxs
WBRLTIZWwWELTWE T,
INEZIFT, FAA CREEMMZER) Tid 1985 F
6 HIZHERETTRE 2R RAT A0 S 8K 120 25BN % 3EfHLIZ D
WCORRLER EO, KE, -2 5 THDOLE
THZHITER L THSORREELr O F Lz, T/,
ICAO (EIBSREBIHZEHE) 2B WTH 1986 4 11 H I
6 MEE THMEROEN L AUUE S, RS 1R
ﬁ%ﬁﬁ@@ﬁ&ﬁ%ﬁ%%ﬁ%mé%m(mmwi
60 7% HESE) DL LERITH» SBENCTRITT A5 612
KRBT LI L L LT, BT RAREEINED LN
F L7
EAEIZBWT

(&, BERO X924 HZEAY B 767 Al

ZAERUCHRH — /N> 3 7 BRARZ BT L 72B%, 4E% e
AR L2 RATHE A S 1 BRSO FE T 60
GERBIOIMRITICRD I EhD, HEOKLELEET S
VEPELE Lz, T, ZOMOMERIEDS b Ik
TH B 48 AL 22 R (&, 1989 4F 1S

DREXLOFEID Y,

ICAO, FAASDMEEIZHER L T TRFEEKICX 2 BRI
e Y B HUR GRER AT IR, RO % £, 120 40 F T
@D ETOPS &G ENL L )2 T L7

2.2 180 4 ETOPS ~"Mi#kik

120 7 COHO ETOPS " E R L, ZOERBIERIND
IZoNT, 12002825 ETOPS # RO A EMNTTX
FL7

2—1~2-312, KPFEHEFICE - T, HEICHE
L72RATH 20 5 1 SEEMETAVER) CORITIER % & % 60
g5, 120 43, 180 43 & L 72356 O BB O A7l GE sk
ERLTHD T, CORDPLW S X H1Z, 6045
TIEHEKERCHIVIETAVERL VY PRV TR
EORBWICRET V747 =7 0O—8E LR
TTERLDD, 12045 TEEBE7 V72 &mATE
DE4AFTT, 851218040 &hb NI 2aDTIRE
KD AR CTRAT IR & 72 biio%@#%,
PEFRIT 3, 4 FARIZER & T 72 BRI RS H% & sk A X
BN RERD, ﬁ:xbf%ﬁ%ﬁ%% L7
D, BRI OV TCIREFEOEEIE U T
MEEETE, MBEFIIE-TEZOFEIIARXLZDD
b FET,

F7z, BERIBWIIRITTAELTYH, EilkoTiEK
BIDOBRERBEMEDEETE B X5 BRITHE ST LI
PignZ b, FIZHEALTHEEORBESEDOIEH 58
HTERVEDRH D £, 1204 ® ETOPS THWH#
TORBENRHN=—ENTHTH, BEWISTERR % R
TEE5 257, BEITRBICHXTRITREIEL 2o
TLEV, RITHREIRIREOFESEIIRT S, HE
BB KT Lo HfiaGdbZE2oNET, 2L
72HE2 58, HMRICTEEZ 51X ETOPS O il [ i [

----- FRATRERI A TRATH 2 & 60 45 D HiBH

—— RATREE2SRATH » © ETOPS i KFRAT e ] o # B

K1 ETOPS o#t&X
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ETOPS D&pfa & {ERETEEK m iR - S

60min.._. :
B767 / A06NM

K1} ENG OUTIZTRE T SHMIC

L JOHHSTON ISLAND HET M tHll. WA DT
!ll:nm:lﬂwa ------ -
2 AR AN RO B S
WALKTATLIRD, 1

© ORLTRESLHETILENDS.

M 2-1 HRATHEEICE CARITWRENL (60 )

120min ETOPS
B767/761NM

/
T
/Y\ el Lo
\:/ . LSS
ﬁ;o AN MMON B
e p BauasnTonkn wARE
. © BLTSESRMEY3BRHSB

Bl 2-2 BRATEERIIE CRITTaEHIE (120 %)

180min ETOPS
B777/1130NM

KTASALER ’
! il oa
alAtURO !nnnm oy
scHmSTAS S BLTiE fn:l!ftslwu
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F —1J— K ! Aircraft Engine, Airworthiness, Reliability

1. EAHPE

ZERICHEREIND T VY Y IdEEEZRHETRITT S
EHEED SEWEREIER I N L BAFGITICE
DEFNZMEL T 5720, RIERREORHEED S B
IV o TT ) B BRSE THIES A HERMEED
BEzREMEREL Y P ORBEZH L LTRAT 5,

2. ERRA

REMZEEPERT REREIIEBFIIED LN T 5,
ZFOREWRLZDDIZT A HIHZER (FAA) Ofif 22
#i# (FAR) 33— v S#EREDEEC % M4 L L7
19 7 W[ (JAA) TREDzMZEMi# JAR) 255
%o FRASETIL A HLZE R HSAE O 72 i 22 AT FE A
Bhb, (B £1 WzEHEE)

ZZTIEV2500 R CF34-8C Y Y VDR THE
L7 D& 5 FAR ICHER L 72BARIEE L SO
AT BIZDONWTHRR B,
2.1 MRMERAE

FARIZAZFEETELRITT 22 TCORITHRDE
3 BLENSEME TR TORREZEEWICHEL T
bo FEEED Part 21 & T VU BIUFNREH
T LRI AT AR I vV U R EER
4% Part 33 %Y ¥V U A EMRIICE D S Part 34 D
Emission, Part 36 ® Noise 8 & 0N Part 25 O#i%ktESB

F1 e

M |BERETIER B - RN
J PN |] CAB|fitZetEEE E4EH
USA |[FAA |FAR

V2500—-A1/A5/D5

MD 90
CF34—-8C
% |Europe |[AASC|J AR A320/321,/319
Canada AWM CRJ—-700

J CAB : Japan Civil Aviation Beauraw GE#IE#ZE/R)
FAA; Federal Aviation Administration GEFR#ZE/E)
FAR: Federal Aviation Regulation (GE¥RALZE#%)
A AS C ; Airworthiness Authorities Steering Committees
JAR ; Joint Airworthiness Requirements

3 Austria,Belgium,Denmark,Finland, France, Germany,Italy,Netherlands,
Norway,Sweeden,Switzerland and United Kingdom i &% 19 »E

BERZd 1998 4 3 A 30 H
* 1 @HHARRZERT Y UVBHA
F105-0001 HEAEXE/M3-2-2 E30HLEL

LRI T B Part 121 23H 5,
2.2 BBEDFIE
ZONTRHDOFEZT) TIZE ED 2 Part 21 DF
T2 LT ICHEAT 5o
FAR part 21— Certification Procedures for Products
and Parts
Subpart A — General
B, TNEEG - 0k - RBomERE» HE.
Subpart B— Type Certificates (TC)
— R EEN - EmE AME 4 O B O 2B R
(B %A% Part 25, T ¥ v ;Part 33 fth) #iHL T
WHENEBEEINDSL, D720 Type Design (Bl
X, HAEM, MR EM T TROFERS & O =2k
PR L CH A S 2570 0FIR % 2 585 %R
BrRELEL), ERBREHLHESE /B LR TR
3o, 2 EMORRE 21 % Mo OHERE
OO0~ 27 VERME L ARITER 520,
Subpart D — Change to Type Certificates
Type Certification IZ3§ AEHEEZ LY ¥ ¥ £ Dl
DRI BR 5 %2 5L ® (Major Change) &5 2
Z2wvd ® (Minor Change) (25T T& 412DV THEK
A EHE L, HIZ Part 39 TiHZEMEm S5
TEINTBETEEIERE L E2TbRITuEh 5 v,
Subpart G~ Production Certificates (PC)
BEEHORMEHET 56 Type Certification %
ZELREESOMREORL L HE LK T L7700
B EN, HRTEIMETHEI AT ARHFAELTCY
%2k BIERE L CREREA] (Product Certificate) %
ZAFHULENRD B, BiEFE T Type Design Zii7z L
BEEMIRBICHD L 2HEEIITE-ODOHMEL
ZORBHEERB LT - L ENODOREABRHD
HEOBFRE FAHM 2 R~ FM - AL -
MM EOBRAEHEL T ANEEL ELRIBL 2T
TR 6w,
ZOFMIZHE, HE (JAEC) 13 V2500 = > ¥ ¥
TIX IAE (International Aero Engines AG) @ FTH
AT rY v A—Hh—34% (HI/KHI/MHI) & #£i26
FIZEBW L TC & PC 285 L7,
F7z, BAEGEH & LFMAAEPDCF34-8C ¥ ¥
Y TH 2D TC/PCHAFIZIANT THENSEITH TH %o
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FAAD L YT URRFHI TC 2 3ATT 5 72D 1Tk
7t (Type Design) D %4 %479 FAR Part 33 Airworthi-
ness Standards: Aircraft Engines DK % 3 2 127”7
(EX bz OBE Subpart CB LU DA

3. T RR

RIEMZEEHT P Y ORI FAA OKEEZT 5
2OICHETAZ ETIERICHE S,

LYYV ORFEEE, EBY, WEERE~OHEEME
BHili X% TCHUS E TOMM & TC BiRH O 3 M FE
2T CTHRBEB TOREMDEIEDSIE L o722 &
EEBOEMOBE THEELLEIZS U TR T 1 —
FoNw 2 UCikET %223 % Post Certification &
BT AHEZ ). ThoOBBICREMZERD ST -
T b LTOREEEZNFERSMHRET L2 L20kD
bivah,

3.1 Type Certification (TC) DEG

FrLwrLy Y 8 Part 33 O 22D ERIZ A
TAHILEMATLIUELD S, k3, HiEE2 272
FAA %% Preliminary Type Board # B#£ LT, A —#4 —
EH L P rEFIVE FAR O 4 OERIIHT 5
WEMOFA T EEHET L, =0 VY DRFASFAR
BOEREWMETAZLEZRT DU TOHET
FHET BB D 5o

A RERA )5

a. EL VIR

b, EHMEEESBER (U2 REr
c. WEITREINIRF L oMM
d. fadr, 7k bR Ao sHE

INLOBEOHEORRITZ Vv A—h—¢
FAA OFOW@ETHRDO SN B, V2500 =¥ ¥V D%
FFIC Part 33 KB IIHIS LT LEREL Y VB,
V) 7RER, HFRRBE X OMHTIC X 2 IR O RIRG
BHE-SIIR L7z A ORERIZH LT FAA 25K
%52 5FTOREXOTIEE K 1I12RT,

3.2 T2 HEB (Engine Tests)

FAR Part 33 @ subpart F THEI > ¥ V|2 X 5 &R
B EREINT VS, ShSDRERZATS 720, WEET
LYY yOEFABRRNTOREEIRELZIEERL, Fiio
SHRERDEUAIRDEEL S RBEBHREZHET S,
COENEBET LD, TV T CHNEDOIRIGGARE
RIREE AT ORESL. L 7B FESSRDOND, ThHD
TFHORUEEHEHT L0120 ERT U VR
Billed, TNHLORTRENZZ Y Y VRBR%E TRLIC
AT 5,

3.2.1 MWAHER

FAR 33.87 TER XN Tw 5t A#RE: (Endurance
Test) XX 2D 6Hr 4 7 v 25 [#EEH KT, DR
BRCIIHES) - HFRTATREE - BER MEERDOY ¥ 7 b
DEERZ B4 RKFBRMICERTTHZ L2 RDOLNAS

3 2 Part 33 Airworthiness Standards: Aircraft Engines

SECTION
NUMBER TITLE
SUBPART A
GENERAL
33.1 APPLICABILITY.
33.3 GENERAL.
33.4 INSTRUCTIONS FOR CONTINUED AIRWORTHINESS.

33.5 INSTRUCTION MANUAL FOR INSTALLING AND OPERATING THE
ENGINE.

33.7 ENGINE RATINGS AND OPERATING LIMITATIONS.

33.8 SELECTION OF ENGINE POWER AND THRUST RATINGS.

SUBPART B
DESIGN AND CONSTRUCTION; GENERAL

33.11 APPLICABILITY.

33.14 START-STOP CYCLIC STRESS (LOW-CYCLE FATIGUE).

33.15 MATERIALS.

33.17 FIRE PREVENTION.

33.19 DURABILITY.

33.21 ENGINE COOLING.

33.23 ENGINE MOUNTING ATTACHMENTS AND STRUCTURE.

33.25 ACCESSORY ATTACHMENTS.

33.27 TURBINE, COMPRESSOR, FAN, AND TURBOSUPERCHARGER
ROTORS.

33.28 ELECTRICAL AND ELECTRONIC ENGINE CONTROL SYSTEMS.

33.29 INSTRUMENT CONNECTION.

SUBPART C
DESIGN AND CONSTRUCTION: RECIPROCATING AIRCRAFT
ENGINES

£
SUBPART D
BLOCK TESTS: RECIPROCATING AIRCRAFT ENGINES
kL
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SECTION
NUMBER TITLE
SUBPART E
DESIGN AND CONSTRUCTION: TURBINE AIRCRAFT ENGINES
33.61 APPLICABILITY.
33.62 STRESS ANALYSIS.
33.63 VIBRATION.
33.65 SURGE AND STALL CHARACTERISTICS.
33.66 BLEED AIR SYSTEM.
33.67 FUEL SYSTEM.
33.68 INDUCTION SYSTEM ICING.
33.69 " INDUCTION SYSTEM.
33.71 LUBRICATION SYSTEM.
33.72 HYDRAULIC ACTUATING SYSTEMS.
33.73 POWER OR THRUST RESPONSE.
33.75 SAFETY ANALYSIS.
33.77 FOREIGN OBJECT INGESTION.
33.79 FUEL BURNING THRUST AUGMENTOR.
SUBPART F
BLOCK TESTS: TURBINE AIRCRAFT ENGINES
33.81 APPLICABILITY.
33.82 GENERAL.
33.83 VIBRATION TESTS.
33.85 CALIBRATION TESTS.
33.87 ENDURANCE TESTS.
33.88 ENGINE OVERTEMPERATURE TEST.
33.89 OPERATION TEST.
33.90 INITIAL MAINTENANCE INSPECTION.
33.91 ENGINE COMPONENT TESTS.
33.92 WINDMILLING TESTS.
33.93 TEARDOWN INSPECTION.
33.94 BLADE CONTAINMENT AND ROTOR UNBALANCE TESTS.
33.95 ENGINE-PROPELLER SYSTEMS TESTS.
33.96 ENGINE TESTS IN AUXILIARY POWER UNIT (APU) MODE.
33.97 THRUST-REVERSERS.
33.99 GENERAL CONDUCT OF BLOCK TESTS.

APPENDIX A INSTRUCTIONS FOR CONTINUES AIRWORTHINESS.
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ILTUURRICE T BERIEORER W ERE - BER

¥ 3 V2500 Certification Programme Requirements
£ Testfertification Plan Avtzetments " T BREIA ™ pus tosuertitication Pan avtatwens " U HEEEHPrearoen

I _ENGINE TESTS I_COMPONENT TESTS

A Rated Thrust{150ht) u.87 Ul Fuel Systen Cospanents 33.67, 9t
B Hax Exaust Gas Teap(150hr) .87 « Electric Engine Control
13 Hax Low Rotor (N, )(15007} ne « Software
D Hax HIgh Retor (N&)USDM) n.87 + Hardware
€ lnitial Haintenance Inspection  33.90 + fued Controf Unit
{2000Cycles) « fuel Pusp and Filter
F Sea level Operation 33,65, 13, 89 - EEC Alternator
& Altitude Operations 33,85, 73. 89 - fuel Distribution Valve
H1 . HPC Rotor Stress 8.8 U2 Hiscellaneous Conpanents .67, 91
H2  «HPT Rotor Stress na Ny Picko
1 €Engine Overteaperature .88 . PL/TZ Probe
J Fan Blade Containzent and 319, 94 - hetive Clearance Control Valve
Rotor Unbalance « Station 2.5 8leed Actuator
K1 - LPT Rotor Stress .83 « Stator Yane Actuator
K2.1 - fan Strain Gauge .83 « Turbine Cooling air Valve
"K2.2 - LPC Rotor Stress 1.8 + Starting Bleed Valve
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75 Contribution of Major Element to Reliability

Fan /L. P. Compr. 4%
Intermediate Case 11%
H. P. Compr. 18%
Comb. 27%
H. P. Turb. 19%
L. P. Turb. 5%
External Gear Box 1%
Accesories 15%

) 1 Minknar L I/,\I

CUMULATIVE PERCENT. FAILURE =
H

N TR
EEANK

£ AT FAILUAE FLIGHT CYCLES

K3 EYa—NVEGOPLE

CUMULATIVE PERCENT. FAILURE :

ASE AT raLURE FLIGHT CYCLES

4 WO HBEG

Steering Group A% 3 KEAfH L LTED-FE)
FINRICHE > TUELBMIEELBET %0

IO OEZ L ZDERIILTOLHIZ%R %,
DETAIL FMEA B
W TV DR

JERI & U TR A2 #iBH TR D MIA LAV TERE
By,

1) BETHIUHREOD ZANEEEZ#EINT S

2) AEAORAERCERINES =0V N0 B

HHRECT

3) READOERVEELRIE, F3IL0MET

WoFTHERPL Y Y v ~ORE2 BT 2%

BREC T B
4) REOORLET MR, EEEZHEICL, &FF
e T & BT B

5) LEZEBAAIREE HMEICT S (MSG-3)

6) Ty ¥y PNORROWG 2T S
AT DA,

FMEA — FTA — Safety Analysis

RN OFER, 2 O OANBREDRITORE
RFTHEOEAVIZL DV EAOBERKEL RO L HE
LR BT EITI o
ERORAT T (Classification)

Critical Item

HWBE O 558 75 Hazardous (RITHEDER - #EO—

BAEEEE D IR L D LEMRZIREIZRS) T,

BEOEHET) L THBOBEMREHETE D

KEFTFTIFTWBEEAEE )

Critical Group A Item

k28 Critical Ttem OWT, [T 5w TH A 7

HHIBRODLEHMEST ) o
Sensitive Item

Critical TiZZ% WA, oML ¥ ¥ v O, &

MM, EH X MIKRE CHEL, MR REN K

DEHI L > THEBEORAMER L TIF 5 LEDH L E

mES)o
4.4 I EHEMIEEOMRS

FEFAYy T — o TEE L EEEBEFEROL Y
VYTERTE TSI L2 EIHT H7DICERDOT Y
VrE AT THEROEMIREZ BEEL 2
IMI RSO ARBREZ TV, =7 —J4 ¥ TERISE
B L 72356 OS2 F U EHN U TR & il %o
HIZ, EHUCA->TH DD LT —F 4 ¥ TO@EMMFEHIZ
5473 A5 TLTF (Lead The Fleet) LH#id A AR
BAmT T, TT7—54 Y TOREEMOMRE THL
BOWAREEOHAH L E2IT9 . ZOARBTIZHAS
\Z LCF, HCF 723 @iREto 7V — 7 H# a5 5 1R
T X YA 7V a#EE L TRIERR (Ml A 4%
Bdhbo INOOEIMMEEDDIZT YV 2EKT D
HFEEMEBRLEDDOICE) V200D A1 A5-D5
I Yy OEFTH 25,000 KRR, BEHFEYA 7 VTR
# 81,000 LT 5, 72, RIFTABETOL Y
CVERIERRTEAT 10, 700 BRI IC A TWh,

4.5 I7—541 > TOEHKKR"

PR EAR I BSR4 DT —F5 4 T
DOFEBOEMTLEREIN TV DEDMRT S0, #Efit
F—y BEEBEZ Y — LT 5. V2500 & ¥ DBUHE
DOEFEEREIIE 6 IRT LI IITITHEME ERKL T
WA, BICH LIS ENRHBmITENT W5,

5. FEAXK"
BRI (BPEICA- THEMKIZ) FBELLE2TO

Download service for the GTSJ member of ID , via 18.117.79.92, 2025/65(8.5 —



mEAT - @Eie

I T UBRICE TAIEEMDOEER

HEAHZZ2—E 2458

: N L
0 10 20 30 40 S0 60 70 80 90 100 min

BRENE) L SEHFRT T U L

MAI B RASTEENER
'
J\j /_ﬁ —_
( (
) )] N
0 10 min 0 10 20 min D 10 20 mi.
LLCF 2k HIERIREYT T A FHIR T A

K5 x> mAtarl & MERERBY 1 7L
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# 6 V2500 SERVICE STATISTICS - FEB. 11, 1998 -

V2500-A5 V2500-A1 V2500-D5
Number of Aircraft Delivered 126 143 57
Number of Engine Delivered 281 370 125
Operators with V2500 Powered Aircraft 19 23 8
Total Engine Hours 1520737 4298213 374804
Total Engine Cycles 764733 2306071 266686
High Time Engine Hours 14429 23784 8538
High Time Engine Cycles 7633 12199 4529
Basic Engine In-flight Shut-down Rate 0.003 0.012 0.004
Basic Engine Shop Visit Rate 0.027 0.109 0.037
Dispatch Reliability (%) 99.90 99.91 99.84

Rate are 12 month rolling average , average-events per 1000 hours
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 EIFCn5,

SEXH

(1) IAE -~ Airworthiness Presentation fill

) FMEA ZEWRFIH 1, JAEC HMNEHR

) Concourse V2500, March 1998 IAE

) TSF EHZEFM, JAEC HHNEFR

) IT. 74922V F FRMER K—A ¥ 7 777 OR%
H A2 F ¥R, 45516 (97-1),p. 1

(6) The Goal and The Journey, 6 ¥ 2~ - 7+ 54 HE:L%
DERNZANT T, GE#E
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416.6MPa
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MPa - \
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o:L=140
a1 1L=280
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\\é\
400 N

?
o AN
= AN
) AN
AN
Numerical Predictions ™
200+ )
—— Compressive Strength (L=140), +~~+ (L=280)
1 ———Buckling
1=2.66 «—— t=2.54
0 T : T I
0 5 10 15

Flange Width to Thickness Ratio : (b¢-1)/2/t
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) T. M. Albert, Materials Evaluation, (1993.9), p. 1020
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(1995)
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Development of a low NOx Combustor for Small Size Gas Turbines

flewg MR
SATO Hiroshi MORI Masaaki
Ay fEEE

NAKAMURA Tsuneaki

Abstract

A dry low NOx gas turbine combustor for cogeneration systems has been developed. In the series of
development, a double swirler combustor was first developed. To achieve lower NOx emissions in
wider operating range, a three-staged combustor has been newly developed, whose concept is based
on the lean premixed multi-staged combustion. The combustor is controlled only by controlling fuel
flow without employing complex variable geometries for air flow control. Atmospheric combustion test
has demonstrated a superior performance of the three-staged combustor. Less than 13 ppm (O2=0%)
and more than 99% combustion efficiency are maintained over the wide range of 25% and 100% engine
load. This NOx emissions level is expected to meet the development target of 40 ppm (02=0%) if con-
verted empirically to the actual operating pressure. Theoretical consideration of lean premixed multi-
staged combustion is made by comparing the temperature distribution measured in the atmospheric

combustion test.
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Measurement of Surface Heat Transfer inside a Serpentine
Passage by Use of Liquid Crystal

iy f—", fE R

FUNAZAKI Ken-ichi ISHIZAWA Kohei

11 - A

YAMAWAKI Shigemichi

Abstract
The objective of this study is to reveal heat transfer characteristics of a three-pass serpentine cooling

channel inside a 10:1 scaled model of an actual turbine blade. A transient method using Thermochro-
mic Liquid Crystal (TLC) is employed to measure the surface heat transfer distribution inside the
model. Prior to the measurement, the soundness of the measurement technique adopted in this study
is verified through heat transfer measurements of straight-duct models with and without turbulence
promoting ribs. Great attention is paid to the streamwise decrease in the mainstream temperature due
to the heat absorption into the test model, which otherwise results in indetermination of the reference
temperature inside the model. To overcome this problem, the present study estimates the local air
bulk temperature by linear interpolating or arithmetic averaging of the inlet and outlet flow tempera-
tures. It follows from the heat transfer distribution of the serpentine model that streamwise variation
in cross-section of the cooling passage substantially affects the heat transfer characteristics in compari-

son with that of the straight duct model.
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Application of Nonlinear Numerical Optimization to the Design of Turbomachinery
Part 2: Multiple Arc Airfoil Design
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Turbomachinery, Optimization, Axial-flow compressor, Multiple circular-arc airfoil,

Navier-Stokes analysis

Abstract

A new design technique for the two dimensional transonic compressor airfoil is presented, in which a

non-linear numerical optimization algorithm is combined with a compressible Navier-Stokes flow solver.

The total pressure loss and the error of the outlet flow angle are chosen as the objective functions. To

each objective function, the flow solver is directly used to estimate the most efficient correction direc-

tion of the design parameters. The weighed summation of the correction directions is used to deter-

mine the correction vector for the next optimization step. Also, the optimization is accelerated by di-

rectly adjusting the camber angle to the flow angle.

The new design system is applied to the multiple circular arc airfoil (MCA). Three examples show

that, within only ten steps, the total pressure losses and the error of the outlet flow angles are greatly

reduced.
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Effect of Periodic Wake Passage over Flat-Plate Boundary Layers
Experiencing Favorable and Adverse Pressure Gradients

Abstract
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WATANABE Takashi

The purpose of this study is to investigate the interaction between the periodic wakes and the bound-
ary layers on a flat plate with elliptic leading edge, which is subjected to favorable and adverse pres-

sure gradients. Detailed boundary layer measurements are performed by use of a hot-wire probe. A
spoked-wheel-type wake generator is used to simulate the unsteady flow field over the suction surface
of a turbine blade or a compressor blade by changing the direction of the rotation of the wake-
generator. A noticeable difference in forced transition appears between the two wake-generating con-
ditions. It follows that effect of velocity deficit and relative motion of the fluid inside the wake, so-called
negative jet, plays an important role in the transition process. It is found that the wake passage tend

to delay boundary layers transition at decelerating flow region.
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8 Distace-time plots of ensemble-averaged turbulence intensity and raw velocity traces
taken within the wake-disturbed boundary layer at y =0.2x103m (S=3. 23/normal rotation)
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Lean-Non-Premixed Combustion for Low-NOx Emission
(Gas Turbines : Emission Characteristics

Pl R A R

TERASAKI Takashi HAYASHI Shigeru

F—TJ—K IRy —¥ >, fKNOx i, IEFREG, MEMABE, BB, B L ERORE, DS
IN—F, SSS/N—F, LSS/N—F
Gas Turbine, Low-NOx Emission, Non-Premixed, Lean Combustion, Combustion Effi-
ciency, Fuel-Air Mixing, Double-Swirler Burner, Small-Hub Swirler Burner, Large-

Hub Swirler Burner

Abstract

This paper describes the low-NOx emissions of a non-premixed, direct fuel injection double-swirler
burner which is being developed for high-temperature combustors of methane-fueled gas turbines and
supersonic aero engines. The burner has concentric, circular and annular air channels to which
swirlers are fitted. The circular channel on the burner axis is converging into a throat and then di-
verging downstream. Fuel is injected by a multi-hole fuel nozzle in the inner air channel. Gaseous spe-
cies were measured at the flame tube exit by using a gas-sampling rake, at atmospheric pressure, at
inlet air temperatures of 650, 950, and 1,100 K. Emissions measurements were made for conventional
swirl burners equipped with single axial swirlers of different hub sizes. The double-swirler burner
achieved the lowest NOx emissions levels over the range of equivalence ratios tested while the con-
ventional, large-hub swirler burner showed the highest NOx emissions levels the difference being
larger at leaner conditions. The difference between the NOx emissions characteristics of these burners
was discussed, based on the fuel-air mixing in the region near the burner exit under non-burning con-
ditions. At 950 K inlet air and 1,800 K gas temperatures, emission indices of 0.5, 1.1 and 2.2 g NO./kg
fuel were measured for the double-swirler burner, conventional small-hub and large-hub swirler burn-

ers, respectively.
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Development of the Combustor Liner
Composed of Ceramic Matrix Composite (CMC)

Abstract

()220 i U B
NISHIO Kozi IGASHIRA Ken-ichiroh

T2V = Kt B,
TAKE Koji SUEMITU Takeshi

The Advanced Material Gas-Generator (AMG) R&D Project was initiated in 1993 as a ten-year pro-
ject funded jointly by the Japan Key Technology Center and the fourteen participating domestic com-
panies. The objectives of the project are to develop techniques for maunfacturing advanced materials
and to design and test the components of a gas generator. The three main technological targets of the
project are to produce a gas generator that weighs 50% less, uses 20% less fuel, and emits 70%

less NOx than its most refined counterpart as of 1993.

As our contribution to the project we studied the use of a ceramic matrix composite (CMC) as the com-
bustor liner with the aim of developing the combustor, which is one of the components of a gas genera-
tor. We confirmed the appropriateness of using the selected a SiC"/SiC ceramic matrix composite as
the combustor liner through the process of evaluating the CMC combustor liner produced on trial on
the combustion test, and by performing thermal stress analvsis of model CMC liners.
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Study on Internal Hydrogen Reheat Gas Turbine

g — " "
HARUMI Kazuyoshi KAN Susumu

Fh o SEIET, e E
HIRAOKA Katsuhide IKAME Masaru

WH Rz, HRE OB

SHIROTA Hideyuki MORISHITA Teruo

Abstract

We developed an experimental single stage turbine for demonstration of an internal hydrogen reheat
gas turbine, in which hydrogen is discharged from the trailing edges of the nozzle vanes into the tur-
bine passage to reheat the working gas. A series of experiments with this turbine were carried out
and the results showed the possibility of its realization.

Almost complete combustion efficiencies of the hydrogen for the internal reheat are achieved in a wide
range of hydrogen bleeding rate. The increments in the output power by the internal reheat indicate
30% to 70% of those by a one-dimensional turbine performance analysis. The reheat does not affect the
amount of NOx in exhaust gas in the experiment at temperature of 1240 K, but the ratio of NO to NOx
is diminished by the reheat process and its tendency has a correlation with the concentrations of the
unburned hydrogen gases in the exhaust gas. After the operation with reheat by hydrogen for eleven
and a half hours in total, considerable problems associated with the internal reheat are not observed in
the turbine structures.
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THE MIT GAS TURBINE LABORATORY

A H. Epstein™’,
J. Kerrebrock™',

I. Waitz™'

1. An Overview

The MIT Gas Turhine Laboratory (GTL) has had a
worldwide reputation for research and teaching at the
forefront of gas turbine technology for almost 50 years.
The laboratory is a reflection of the shared interest of
its faculty and staff in both working at the frontiers of
aeropropulsion and turbomachinery and in educating
graduate students in this discipline.

2. A Brief Historical Perspective

The concept of a MIT Gas Turbine Laboratory was
formulated not long after the first jet engines were
successfully run. Shortly after the end of the Second
World War, Professor J. C. Hunsaker, who was one of
the pioneers of aviation in this country, brought to-
gether a group of American industries who donated
funds for the construction of a laboratory devoted to
jet propulsion.

From the beginning, the GTL evolved into what we
believe is a world-class institution for teaching and re-
searching aeropropulsion and turbomachinery technol-
ogy. The research carried out in the laboratory has
changed with the interests of the participants, but we
have always sought to carry out the type of work that
leads, rather than follows, the state of the art. Exam-
ples in the past include the first implementation of a
three-dimensional computation of the flow in a tran-
sonic compressor and the concept of blowdown testing
of transonic compressors and turbines. Two current
examples are the work on smart engines, in particular
active control of turbomachine instabilities, and the
work on micro engines.

The laboratory maintains strong ties with industry

FZN 199844 H 16 H
* 1 The Gas Turbine Laboratory,
Department of Aeronautics and Astronautics
Massachusetts Institute of Technology
Cambridge, MA 02139, US.A.

G. Guenette™
CS. Tan™

EM. Greitzer™!,

J. Paduano™’,

and government research in the area of propulsion and
turbomachinery technology, as well as with other aca-
demic institutions who are leaders in the field We
have, for example, collaborative projects with almost
all the major American aeroengine manufacturers, as
well as European and Japanese companies. The result
is that the work in the MIT Gas Turbine Laboratory
has many connections to real world problems. Re-
search support also comes from several military agen-
cies, various NASA centers, and industry. Current
sponsors of research include: Aerodyne, AlliedSignal
Engines, Air Force Office of Scientific Research, Asea
Brown Boveri, Allison Engine Company, Army Re-
search Office, DARPA, General Electric, IHI, Lincoln
Laboratory, NASA (Lewis Research Center and Lan-
gley Research Center), Mitsubishi Heavy Industries,
Nissan, Northrop-Grumman Corporation, Office of Na-
val Research, Pratt & Whitney, South Carolina Energy
R&D Center (DOE), and United Technologies Re-
search Center.

3. An Overview of Research Activities

The Gas Turbine Laboratory (GTL) applies a wide
range of analytical, numerical, and experimental tech-
niques to problems in aeropropulsion, gas turbine en-
gines, and turbo machinery. The GTL provides unique
experimental facilities for research on fluid mechanics,
heat transfer, and control of these devices. Current ac-
tive facilities include : transonic blowdown compressor
and blowdown turbine, single and multistage low
speed axial compressors, a facility for investigating
centrifugal compressor diffusers at realistic Mach num-
bers, a facility for development of optical techniques
for flow state variable determination, water and wind
tunnels for mixing and vortical flow investigations, a
facility for examination of turbine internal heat trans-
fer processes, an annular hydrogen burner, and an en-
gine test stand for (helicopter) gas turbine engines, a
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shock tube facility, a facility for investigating flow in
radial turbomachines operating in the low Reynolds
number regime. Work is also being carried out on com-
pany (e.g. at the General Electric Low Speed Research
Compressor Facility), and government facilities (e.g.
NASA Lewis Research Center).
3.1 Specific Research Areas
1) Turbomachinery
The MIT Gas Turbine Laboratory has long been en-
gaged in the investigation of various approaches to-
wards the improvement of turbomachinery perform-
ance and design methodology through basic research
into compressor and turbine aerodynamics and heat
transfer for axial and centrifugal machines. This core
area of competency is complemented by the ongoing
development of unique diagnostic instrumentation and
testing methodologies.
Current research projects include :
Aerodynamics
- Fluid Mechanics of Compressor Endwall Flows and
Casing Treatment
- Active Tip Leakage Flow Control in Axial Turbom-
achines using MEMS Technology
- Vortical Structures in  Turbomachinery Tip
Clearence Flows
- Effects of Rotating Tip Clearance Asymmetry on
Axial Compressor Performance, Stability, and Stall
Control
- Role of Tip Leakage/Endwall Flow on Compressor
Instability Inception
» Numerical Investigation of Unsteady Blade Loads
Generated By Convecting Density Non-Uniformities
- Aerodynamic Performance of a Scaled Turbine
Stage in a Short Test Duration Rig
- An Investigation of Rotordynamic Aerodynamic In-
teraction in Axial Compressors
+ Compressor Performance Enhancement Using Suc-
tion
+ A Computational Model for Multistage Axial Com-
pressor Design
+ Impact of Endwall Flows and Blade Wakes on Multi-
stage Compressor Performance and Design
« Aerodynamics of Advanced Fan Bypass Duct Ex-
haust System
Heat Transfer
- Heat Transfer Performance of a Turbine Stage
+ Internal Heat Transfer in Cooled Turbine Blades
+ Internal Cooling of Turbine Blades based on Evapo-
ration

Diagnostics

+ Film-Cooled Turbine Testing Performance
Centrifugal Turbomachinery
- Fluid Dynamics of Torque Converters
- Effects of Impeller-Diffuser Interaction on Time-
averaged Performance of Centrifugal Compressor
Stage
2 ) Environmental
Research in combustion and environmental topics
within the Gas Turbine Laboratory is organized under
the closely integrated Aero-Environmental Research
Laboratory (AERL) directed by Professor Ian A. Waitz.
MIT established the AERL to provide a focus for re-
search directed at quantifying and reducing the envi-
ronmental impact of aerospace systems. Major re-
search efforts are exerted in pollutant emissions and
community noise, two areas of significant concern for
current and future aircraft.
Current projects include :
Aircraft Noise
- Experimental Investigation of Streamwise Vorticity
Enhanced Compressible Mixing
+ Suction and Blowing Strategies for Reduction of Fan
Noise
- Mixer-Ejector Noise Suppressor Design
- Transient Testing of Engine Exhaust Nozzles
Combustion
- Combustor Primary Zone Modeling
Aircraft Emissions
+ Chemical Processes in the Turbine and Exhaust
Nozzle
- Effects of Engine Aging on Aircraft Cruise NOx
Emission
3) Smart Engines
The MIT Gas Turbine Laboratory (GTL) embarked
on the 'Smart Engines' research program in the mid
1980's, to investigate the benefits of advanced control
on aeroengine performance optimization. The pro-
gram's hallmark has been repeated demonstration that
engine component performance limitations can be fun-
damentally altered through collaborative application of
fluid mechanics, control theory, structural dynamics,
and experimental methods. Principal applications have
been compression system instabilities: rotating stall,
surge, and compressor blade flutter; performance im-
provements sought include higher efficiency, inlet dis-
tortion tolerance translating to lighter aircraft, and im-
proved engine safety.
Several recent technology developments motivate
this new approach to engine performance optimisation.
The microelectronic revolution makes possible increas-
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ing by orders of magnitude onboard engine-control
computational capacity. The reliability and fault toler-

ance of control systems has also improved dramatically.

Actuation technology, such as Samariumcobalt and
switch-reluctance motors, piezo-electric materials, and
magnetic bearing technology, allow relatively light-
weight, high-bandwidth effecters to be considered as
possible additions to the engine design. Sensor technol-
ogy has also advanced dramatically. Finally, models of
the performance-limiting instabilities that plague en-
gine components are becoming more mature.
Taken together, these technology advances motivate
a new concept in engine control, which we term
'smarts engine' technology. The idea is that through
active feedback control (which involves the incorpora-
tion of new sensors, processors, and actuators) compo-
nent level performance can be enhanced. This en-
hancement takes the form of either adaptation to off-
design conditions for better performance, or stabiliza-
tion of previously unattainable regimes, which allows
either higher performance or less restrictive compo-
nent matching requirements. In either case, active con-
trol technology allows the engine designer new de-
grees of freedom for optimization of overall engine per-
formance.
Current projects include :
Surge and Stall
+ 3-D Nonlinear Analysis of Rotating Stall
* Modeling of High Speed Axial Compressors with In-
let Distortions
+ 3-D Linear Analysis of Rotating Stall Inception
- Identification and Control of Rotating Stall in High
Speed Compressors
+ Control of Rotating Stall and Surge on a 3-Stage Low
-Speed Compressor
- Active Control of Rotating Stall in a Single-Stage
Transonic Compressor with Magnetic Bearings
- Active Surge Control of Helicopter Engines
Flutter
+ Flutter Modeling for Control
+ Articulated Rotor Design for Flutter Diagnostics
4 ) Power MEMS
A major new project in the laboratory is aimed at
the development of high power microfabricated electro-
mechanical systems, or "Microengines’, such as gas
turbine engines with flow path diameters of one to
several millimeters and rocket engines which look like
a computer chip. The gas turbine engines have the po-
tential, when coupled with a micro electric generator,
to provide a compact device with power density con-

siderably higher than current battery sources. The
project has as objective the design and construction of
a working micro gas turbine generator. Intermediate
objectives are to develop a microfabricated motor-
driven compressor and also a micro turbine-generator.
These devices, along with microcombustors, allow the
development and testing of the major components
forming the gas turbine generator. In parallel, the mi-
cro rocket engine is being developed, which will use
the turbomachinery and bearing expertise from the
other devices for its fuel pressurization. The project is
multidisciplinary in nature, and brings together a team
of researchers at MIT in the areas of aerodynamics,
combustion, structural dynamics, materials, electronics,
and micromachining and fabrication. The devices de-
veloped and the main areas of research pursued as
part of this project are described below :

Current devices include (may not be complete) a
micro gas turbine generator, a micro motor-driven
compressor, a micro turbine-generator, and a micro
rocket engine.

Current R&D areas include system design and inte-
gration, turbomachinery, combustion, bearings, micro-
fabrication, structures and materials, and electrical ma-

chinery.

4. Visitors

The Gas Turbine Laboratory has had visitors from
industry (US, European as well as Japanese) and
other academic institutions (Cambridge University,
Caltech, University of Warrick, BUAA and Qinghua
University of China). The visitors are in residence for
a period ranging from a month to a year. They are ex-
pected to be involved in the ongoing research and in-
tellectual activities at the Gas Turbine Laboratory.

5. Summary

The activities encompass basic, applied, multidiscipli-
nary types as well as those focus on the development
of leading edge engineering/technological device (that
could potentially change the “landscape”). It is also
often the case that a particular research activity is un-
dertaken to resolve (short term as well as long stand-
ing) technical issues that impact the performance and
operation of modern gas turbine engines.

In addition to research activities the MIT Gas Tur-
bine Laboratory also undertake teaching of graduate
and undergraduate courses pertaining to aeropropul-
sion and gas turbine engines in the Department of
Aeronautics and Astronautics.
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1997 £H X 4 — £ > B U B BT
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£1 1997 FHEHEEGERETHN kW)

X4 Size | /M Small Unit| A% Medium Unit |KZ! Large Unit] 4 I 5
0~735 kW 736~22, 064 kW 22,065 kW~ Total
H i a—F |G W ) Bk B N | &% W B & WL H
Application Code |Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
N\—AT— N&E
A . FIEEA BL 0 0 39 211,105 18 | 2,985, 050 57 | 3,196,155
Generator Drive for Base Load
E—ru— FEEM
Generator Drive for Peak Load PL 0 0 6 3,800 4 580,000 10 589,800
Al T 7T
HH 5 %.ﬁﬁ EM 205 71, 243 92 109, 260 0 0| 297 180, 503
Generator Drive for Emergency
[} i H
Merchant Marine M 0 0 0 0 0 0 0 0
ﬂ%: . k% . & MM 0 0 8 124,552 0 0 8 124,552
Military Marine
Fofirat 2B
Miscellaneous Chemical Process PR 0 0 1 12,550 0 0 ! 12,550
=3
# F H ED 0 o] o 0| o0 0ol o0 0
1 Education
%. ? fts MC 24 648 0 0 2 53, 560 26 54, 208
Miscelanneous
& B
229 71,891 | 146 467, 267 24 | 3,618,610 | 399 | 4,157,768
Total
MM 20 PL25

X4 1997 SEHERAEAEEES (%)
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g fim 1997 FH X 2 —E > RUBHREEEFRET AXRAHX &2 —E 25
2 1997 FEREBIEESERE T kW)
X4 Size |/MY  Small Unit| ## Medium Unit | X% Large Unit ey}
0~735 kW 736~22, 064 kW 22,065 kW~ Total
®OoR E M a—-F &% B o | &% B N (B B B | B¥ WM H
Kind of Fuel Code |Units | Output (kW) | Units | Output(kW) | Units | Output (kW) | Units | Output (kW)
WALRIR A A
Liquified Natural Gas LNG 0 0 4 14, 400 9 | 2,001,800 13 | 2,016, 200
RISH A GNG 0 0 3 4,000 7 11,264,700 10 |1, 268, 700
Natural Gas
. AT NEFTHA
5 . .
z Plant Off Gas GOG 0 0 2 21, 600 2 52,150 4 73,750
| BALAHT A .
Liquified Petroleum Gas LPG 0 0 3 29,600 0 0 3 29,600
Gasous .
A
Fuel ﬁiﬁ;: Gas GTW 0 0 21 87, 360 0 0 21 87, 360
kR A
Blast Furnace Gas GBF 0 0 0 0 1 150, 000 1 150, 000
a8y H A
TSI GPR | 0 ol o o o ol o 0
Propane Gas
/et 0 0 33 156, 960 19 | 3,468, 650 52 | 3,625,610
Sub Total a ) T P
ki il T 47 14, 220 25 66, 290 0 0 72 80, 510
) Kerosene
}% 23 H
R Gas Oil{ K 36 5,506 23 143, 352 1 40, 000 60 188, 858
# !
TyH 1 fE
Liauid| Heavy Oil No.1 H1 | 146 | 52,165| 64 | 95,025| 4 | 109,960| 214 | 257,150
Fuel S
A {|
By Product Oil BPO 0 0 1 5, 640 0 0 1 5, 640
bt 229 71,891 | 113 310, 307 5 149,960 | 347 532,158
Sub Total ) T ’ ’ ’
PN =
”Total“ 229 71,891 | 146 | 467,267 | 24 |3,618,610 | 399 | 4,157,768
— BPO 0.1
GTW 2.1 —
LPG 07
GOG 1.8 AR

Gaseous

RARE
Liquid Fuel
87.0

K6 1997 FEREBEERREEES (%)
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1997 F£H 2 2 — E > RSB EERET

g Fw

3 1997 EHIBHIMABEE O (kW)

X4 Size |/ Small Unit | & Medium Unit | K% Large Unit iy
0~735 kW 736~22,064 kW 22,065 kW~ Total
ol oy SN R A T R S I R B
Location Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
db ¥ B
Hokkaido 8 2,335 4 18, 150 0 0 12 20, 485
®" it
Tohoku 20 7, 280 8 38,210 0 0 28 45, 490
M H 70 22,175 55 109, 720 6 593,760 | 131 725, 655
Kantoh
i b 51 15,023 23 78, 305 5 |1, 188,000 79 | 1,281, 328
Chuubu
s
1‘. . & 37 11, 208 16 35,570 1 24, 800 54 71,578
A Kinki
] th
¥ 14 4,395| 6 12,400 0 0| 20 16,745
Chuugoku
Domestic
]
, , 1 ,
Use Shikoku 7 2, 680 3 2,600 0 0 0 5, 280
o M 20 5,644 10 16, 560 1 27, 350 31 49, 554
Kyuushuu
oo 0 ol s 6,200 0 ol 5 6, 200
Okinawa
ﬁﬂﬁﬁ.EEﬁE . 0 0 8 124, 552 0 0 8 124,552
Marine Propulsion
A0 Al B
Marine Auxilliaries 0 0 0 0 0 0 0 0
b At 227 70,691 | 138 442, 267 13 | 1,833,910 | 378 | 2, 346, 868
Sub Total
It PN
’ 0 1 ’
North America 0 0 ! 2,000 0 2,000
ROk
1 , 900 1 240,
South and Central America 0 0 0 0 240 0,900
7 .y 7 2 1, 200 7 23,000 4 633, 800 13 658, 000
Asia
g |~ M ol o 0| o 0
H Oceania 0 0 0
[y '
o M 0 ol o ol o 0l o 0
Europe
For .
H v &
. . 0 0 0 0
Export Fomer Soviet Union 0 0 0 0
2l ®’
. 6 910, 000 6 910, 000
Middle East 0 0 0 0
TI7UH
0 0 0
Africa 0 0 0 0 0
ES T
0 0 0 0
Unknown 0 0 0 0
& at 2 1, 200 8 25,000 11 | 1,784,700 21 | 1,810,900
Sub Total
PN =
- f 229 71,891 | 146 467, 267 24 | 3,618,610 | 399 | 4,157,768
Total
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nE Hia 1997 £ X &2 — B R U BIEHEE EMET HAHRZ—E2EH

4 1997 SEWEREHHM A EA B RO W)

X5+ Size|/h  Small Unit| ## Medium Unit | K& Large Unit EXiipl)
0~735 kW 736~22, 064 kW 22,065 kW~ Total
W OBK By BR A a—-F B | OB N (BB W B | B%| OB X A M
Driven Machinery Code | Units | Output(kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
%é .%: B G 220 69, 566 | 137 330, 165 22 | 3,565,050 | 379 | 3,964, 781
Electric Generator
# £ R PRR 0 0| 8] 124,552 0 0| 8| 124,552
Propeller
Ao® v T W 9 2,325| 0 o| 2| 53560| 11| 55885
Water Pump
o &
I.i&m% AC 0 0] 1 12,5501 0 0o 1 12,550
Air Compressor
%. ” fta MC 0 0 0 0 0 0 0 0
Miscellaneous use
N =1
- Total i 229 71,891 | 146 | 467,267 | 24 |3,618,610| 399 | 4,157,768

8 1997 FHEEREIEMB EELBEHE (%) B9 1997 FHEREEM B T EE (%)

#£5 1997 FHIXHERAERTEL (kW)

B o K 4 W) ai A
Unit Output Units | Output (kW)
. 0~ 146 2 408
AR 147~ 367 110 25, 383
Small Units 368~ 735 93 46,100
0~735 kW - :

/NEF Sub Total 229 71,891
736~ 4,412 115 159, 340
m R 4, 413~10, 296 18 112,925
Medium Units 10, 297~16, 180 8 104, 450
736~22, 064 kW 16,181~22, 064 5 90, 552
/NEE Sub Total 146 467, 267
* oM 22, 065~44, 129 7 202,110
Large Units 44,130~ 17 3,416, 500
22,065 kW~ /NEE Sub Total 24 3,618, 610
& ZF Total 399 4,157,768

Download service for the GTSJ member of ID , via 18.117.79.92, 2025/05/06 & —



Vol. 26 No. 101 1998.6 .

1997 £ H X &2 — E > RUBHREEEKET

"E fiw

T FR6 1997 EREHIA Y-V VHENERSEEOCHES kW)

X% Size| /A Small Unit | % Medium Unit | A% Large Unit %)
0~735 kW 736~22, 064 kW 22, 065 kW~ Total
H 7% a-F | A moh =r WA B oA B i)
Application Code | Units | Output(kW) | Units | Output (kW) | Units | Output(kW) | Units | Output (kW)
H | RN—2o—-FEEM| BL 0 0 0 0 7 | 1,671,800 7 | 1,671,800
g ¥—ru—F5%EH | PL 0 0 6 9, 800 0 0 6 9, 800
% F ¥ MK EMH| EM 0 0 0 0 0 0 0 0
Domestic/Public Use 0 0 6 9, 800 7 1,671, 800 13 1, 681, 600
4N 7t Sub Total
~N—2u—FHEMR | BL 0 0 35 192, 505 4 108, 550 39 301, 055
B | ¥—2u—F3EH | PL 0 0 0 0 0 0 0 0
?E FEH B EH| EM | 203 70, 043 88 102, 860 0 0 | 291 172, 903
Domestic/Private Use 203 70,043 123 295, 365 4 108, 550 330 473, 958
N i Sub Total
EME&E Domestic Use Total 203 70,043 | 129 305, 165 11 | 1,780,350 | 343 | 2,155,558
# | N—20-—-FFEEM | BL 0 0 1 2, 000 5 | 1,014,700 6 | 1,016,700
g ¥—ru—FEEM | PL 0 0 0 0 4 580, 000 4 580, 000
%‘é W A% E R | EM 0 0 0 0 0 0 0 0
For Export/Public Use 0 0 1 2,000 9 | 1,594,700 10 | 1,596,700
N & Sub Total
B | N—Aw-—F3%A | BL 0 0 3 16, 600 2 190,000 | 5 206, 600
EE: ¥—2su-— FEM | PL 0 0 0 0 0 0 0 0
?5 Lélf A% B M| EM 2 1,200 4 6, 400 0 0 6 7,600
ForExport/Private Use 2 1,200 7 23,000 2 190, 000 11 214, 200
UN &1 Sub Total
A% For Export Total 2 1,200 8 25, 000 11 | 1,784,700 21 | 1,810,900
m | N—AE-FREH | BL 0 0 1 2, 000 12 | 2,686,500 13 | 2,688,500
¥ |E—/u—FREEH| PL 0 0 6 9,800 4 580, 000 10 589, 800
¥ A E H| EM 0 0 0 0 0 0 0 0
Public Use 0 0 7 11, 800 16 | 3,266,500 23 | 3,278,300
& B Total
[ | N—Au—FREEH | BL 0 0 38 209, 105 6 298, 550 44 507, 655
X |¥—2su—FEEH| PL 0 0 0 0 0 0 0 0
Bl % ms®mm| EM | 205 71, 243 92 109, 260 0 0 | 297 180, 503
Private Use 205 71,243 | 130 318, 365 6 298,550 | 341 688, 158
= gt Total
o #F Grand Total 205 71,243 | 137 330, 165 22 | 3,565,050 | 364 J 3, 966, 458_J

Note : Code Explanation BL :for Base Load PL :for Peak Load EM:for Emergency
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1997 £/ X 2 — E > R BIaEE EHET

BEAHZ&Z—ELPREE

3. MEAAFRZ—-E>

4. B

KT 197ES—KV 2y F—FK77r - oI R 1997 FEAGHEA E A B O
Lok o =
HEEBEEKR AT A (kN) X Size " %
pin
LAY o | xoareEe EEREEm) | BB T g
No. of Units 87 Thrust (kN) ’ 1,292 Class | Outside Diameter of | No. of Units els
i Compressor Impeller
*1 V250077 »# (134 /) BE&E ke N
Excluding 134 Units of V 2500 Fan Modules Class 1 0~ 100 2,179, 647 »
*2 R LERIERARA T A R Class 2 101~ 200 13,003 27
Maximum Thrust at Sea Level Static Condition
Class 3 201~ 300 622 13
Class 4 301~ 400 232 7
R8 19974EF—FKPxy 7 F—FKFuy 7 - oI
. . Class 5 401~ 500 47 5
EEASBRUHD kW)
Class 6 501~ 600 68 6
X 4 . , . WD kW)
Size O~T735kW | 736 kW Total Output Class 7 601~ 700 134 4
H & BEIH AT IREHE BT R e Class 8 701~ 800 0 0
%pﬁlg;;;%l Units| Output |Units|] Output [Units] Output Class 9 801~ 900 61 4
JEFLTE
Fixed Wing Aircraft 0 0| 8] 29,288 8| 29,288 Class 10 901~1, 000 0 0
NDATIR 0 (53| 85,235 |53| 85,235 #& & Total 14,167* 66*
Helicopter AR
B R BIERED | | ERHR A
Aux. Drive Units | 28 1,238 0 0126 1,238 No. of Companies which supplied Data 12
& ¥4 BRI TIIR I - RN Th 2,
Total 26 1,238 | 61 | 114,523 | 87 | 115,761 Every model is an exhaust turbine type supercharger.
1 547} TERT
AP *5  JEMREESME 100mE BT 5% R

Normal Output at Sea Level Static Condition

The figure shows total number of superchargers over 100 mm in

impeller diameter.

*6 JEMEEESE 100mn % B J 5% RY
The figure shows the total number of superchargers
over 100 mm in impeller diameter.

107
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]
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