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RRGBEROBER LD TRT. £, hb
Wt B AR UER BERECBTsENE
NDOKLBERE IOV THRR B,

F1 HUEBHEH T 2% L BREERTE

M om|mEnes m mOE &

NO [REBMHERBLKEGFT O yCBRIEINN,CELT S
N O, [k &7 R 8 0| B30, 04~0. 06ppm

EEEL N REC BRI L > TREINS
RS R E IR ELD B,
CO.|f B 1t|=8An 350ppmT0.4% /T Hint
0.31ppmnT0.2~0.3% /ETH MG,
CO.D2MEDBEHE LT,
100~200ppt ©5% /4 T M A, C0. D
1000065~ 20000/ DB ERH R & KD

SPMJd & 1t

N.O & B {tjEREL

70l B bEERD

1.1 ZHEEDICEITZATELRORE
ICAO » CAEP (Committee on Aviation Envi-

ronmental Protection: fiZEBRBEHELEES) &

BT, BE» S OEBRACB T HKAFBERD

BAIRIREN 2 &N, IOV TRD X 5 —i

KRR BIFE SN T 5,

@ EERVZFORIAOKRLZBRORT I, —ik
DOEBHHIER & KR W 2 &,

@ ZEERVZFORBICBT 2 RABERFELELT
X, ML DL AEHENE, THEOHFNE
BERbDER-oTEY, MZEEOPEH A AN K
EL TR EEILEEROB - VEETH
LEFEZONTHWS,

® FAEDOL I, KRXAGBEIHUEDZR LT
TP YOS AT L > TERICHEEINT
WEZERRNEDFRERL TS,
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@ BHHHETIE, HERLDORIGEIRTMHR
SHAEL FHS TS EDOFBRIRENTVDS
2, ZDLIBFETH > TH—RHEDOFHHE
B ENIE, EESEOBEHERYINEEEALO
REBRICEREBELEZ TWREWI L E
mENT W5,

ZDX T, MZEREITEERIDORTIWCERER
HELTIFL TS 5D TEENWI LRI
728, MUZERELIAF DK SEGIRIR B W &
DOHBDT, MEFOPEH T A LEHIL Lo
7B EITIE, MR EERE ORI 2 53
SEESHIICHEML TWw 2 dbEZONE L
LT, SHIRD &5 RREHERZ kL T < Z
Lol
D MEEIRRCRTTHECOVWTDT -5

IV £E & S,

@ PR A ZHHT 5 2 LDV TOKX
[bRE O R CREFHIEIE 2> 5 ORES,

—%, BOETIE, BEOZEICBT 5AER
BTy, M L2 REEROEEIE, K&L<
ATHLEDSBUT TH o Tz, 2T L 52
ERVOKRKIBEROFENER LD EIFZ>T
WD DD, FFEDEEICE W TIIHEHZR
BErzooohb, 20Xk MERIISEIER R
FoTWL bDETFHEEINS Z L RUVEHEHE, T
B DB LRI T S HEEINTEICHED ST
CHDETFHEINL I ES, ML Y,
EDDLURBY xy MgEBEHAO LY DO
TIFHEHE A R 2T 2 72 ORUE > S EAY 08
FNTTEAP T RIICRETILEND S L&
ZoNb,

1.2 B4EX[UEROFEE
1970 R A>T, HE 16~18km & RAT ¥

2 5 eke (SST: Super Sonic Transport)

B 2—F, FEECBWLTIE, BRI

EHEND2~4km O BFBLEERITT 2 L 51

o TETWS, Bz, ESORRIFBEDEHED

M E - T, FEERMZEHEISIEEINR D 720 1251

R BEREE T AEASHE S T HDER

AENTWE, TDX D REEOFT, 1971 FHF

X0, MZEHEOE R EERICIED BR ARG

ORIEN AL EHODEEZHERD,

KE, FEE R OAESZE O F B ahEE % .l

sl -

WHFEEDHED ST w5,

INETOMERER»S, M A0
ZFRBY (NOx) BEEREA Y v A RIETHE
WEIL T, #DOEERXH =X A L BRFEFMmD
RHEEM I DN T o T2, BT O BT
DOFERTIZ SST OFEH A A F1d NOx D pk & FEl
AV N HZ BRBEIEROERERE(ERD,
BMEd3nbd L5k o7z,

—75, HREE L o R E T 2 RIT T 58
T & ODPEH T A DR GERBEZZEIC DOV T D
A TV D, HIZEEHEH D A BHIEREREE 1
5z B80T, BEEEVSRITT 5 LETREIC
BWTiE, HEHA AHO NOx 12 Xk %4 Y >8I
£, ZRHES BERR K OHEE A A R OKRES
DEET A 2 LI L > TTEABEDRRERE,
SST EWMATT 2 REE I B W TP A A F
DONOx & B4V UYEAEZhCEIHRICE
2 EERNERFREOERS ST 5N 5, £,
TS EBEPE A A th D/KFE S DBERE & 7 DSKUER
Iz OWTIE, HRKRQPICB T 2 KEQDEETE
BEERELSATHEALELIDDTH 5,

TS EEEE A A HR2iE, 0 E»imER Y
(SOx), HC, —Bfbkx® (CO), CO, %%, Hi
EFRAEFICIERTHHEREM TCH Y, HYHZD
HERBREE A DEE RIT L A W & OEEEN D
b5

BRI BT B TR BRI DR Z ERERIC
HZEDIIEY I ab—y a3 yETIVOREE L %
WRLBETHS, TDIHITIE, YIav—¥a
VOFEROWBIERITS Z EBEETH Y, EHURE
BIzB1 5 NOx, 4V (0;) EDORKMSPHE
HAARS 2> 7Y TEDFETRET 5%

EDOT—5 DERBETOLEV DL, £z, ME
BEHEH A A DYLBL, RIG® Z DB DO WTDE
FEOWSED E 0, Wz Y v Dk NOx (b,
SIEPA PG BRIEE PR L TSRS EE N S,
2. BZEBHEH 0 AR D EE)

Wi zepEPE A A W BERE U 7o R GIE [ DB D
WTEDNFEDDLER2IERTEBY TH S,

Zegg T o Y U HEHEYIC & B RGTEREEE L
TR0, F—FRP 2y by Y URE
HAMZERE M > ¥ > & U CERA & L7z 1950 47X
KThsd, FTEEMCHFEDOERAHEE (Smoke
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2 MZEHPEHR T A H DEE

1960 BE®E (Smoke Emmision) S HE& H X (Exhaust Pollution) D E =
BEHINDI LSk 3,

19704 EPAB KRB B3R HTEMERISORKERYEICET
HiAE R,
EPA TIRZEM E M ZEMA T L PO K L2 ARAKBEEMEOBEHEHEE

1973 7H17H CET 28226 €

O NYaA7H —BRBRLEITARTORBMZHICEH
O HAKRWHE (CO, HC, NOx), HEfE, MUEREEZNF &L T %,

19774

ICAO THAZERME = > U VB MOER ) OV —F 2 5 2 REAT
(EPARBIZ 2 HEMOAEEZT TR -BEE» 5KRET)

19824 2H 18H

Tinzedr > Y VB B
- 1986F1HIEMBICH E I h 28 E&K 2 R

19914 12H 2H

ICAOMIZCIE G2 ZEE S W/ GIBNOxBEHEEEZ20%RILT 3
EERH, BN E,
19954F 123 1B UBICH -IcEE2BBT 22>V 0

1994 2H 4H

1999F 12A3IHUBRICREEIh 2 2B AV
O Eggiﬁﬁkﬁ@{biﬁf*&)enfuxékﬁ’g%ﬁﬁ%?@%mp)

# Z 1L, SCAQMD(SouthCoast Air Quality Management District)

TEHHEHEBEZERZZEIT TV S,
HiZ 28X 284821 PEU(Passenger Equipment Unit) % b @
SiehrEEOND, <B>I50AFEHDOHEHMT $0.70/PEU(
EEIANYZD), 8 150/LTO(§E§'§7‘J=%%‘Hﬁi’é@l*ﬂﬁ}b)

O MEastIic L TCIINNEXRIPSFEMAEABETERREZOR
HERDTWD, (93¥yy9°, PAMN VIS, APU(Auxiliary Power
Unit: @& ) 1y BRAKHE, SEOREHR-BEWE, GSE
Ground Support Equipment:ii B $EBEM) OB KA & &, RE,
ISR, BERRE R E)

Emission) 8 H& N 2 L 5 12% D, 1960 F£RIW Sl BRI FIEEI AR I NI,

Ao THbpiE A A (Exhaust Pollution) 1Z2w
Th, BRBE T 2 ENEEHINS LD
275 o 720 KE T, 1970 Fi12 EPA 2SR RS R
231 RiCHD XML 5 O RKILRE BT
LEE R L 720 REATEEIEIC DV T OEREW
BER 2G50, FHEBRVEERLTORS
BHRICOIER & RO TFHIORABLE RS iz,
IS OFEREER 2 HIC EPA & "4« i
BT > Yz & 2 RAGEYE OFEH EHIHL
BT 2R 1973 £ 7 A 17 HiC BRI O EH %
#HELTHBDY, CO, HC, NOx, A E— 272 IzD
W ORFIFEAE L HE L Z D% ICAO b 1977 &£
W TEE Y CHEE I OEE, DY —F a2 T
BEFHEITLTCS, 1991 12H2H25E MY
F— N CHEI N ICAO Oz BEFEES
S 2 FAEFHIIB VT, NOx OFEHEEARE A 20%
b (IR T 24FEnEk3h, §83h, &
7z, 1994 £E 2 Bz HIE %4 2 5 ekt 4 22

BARIC B 1T Bz i 7 A B OBEE % 5% 3
R, EREERS T3 ICAO U WHO (World
Health Organization: THFR{REHEET) 2> & B
Hantnwsd, £, IHUIMNTKER BN %
HUDIICHEI A ARIHIEEDSHIE I N T 5, &8,
MEIOXR & & B HEHE A A4, CO, HC, NO
XA RURAE—T7FEDAFEE R > T3,

3. MUZAEHEH 5 ARG DOIRIR

Rz, FxEEEEEEE & O FEZE Oz 5
ARFIOBFRFICOWTHNDG, TITRETHR
#NKE EPA Bl %2803 %,

3.1 K H

KE T OB A A H 1, Kk EEPA

(Environmental Protection Agency: BRiE{R#E
J&) BT RHEFPFEZI N TS,

KETIE, 1970 Fi2 EPA 28K&3E B (Clean
Air Act Amendments of 1970) 231 $icH D X
A D 5 ORTQIEZYVE B3 2 ERgEr gkl =
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it - 1

#3 fﬁﬁo::&s % MZEBEHR A A Bl OB

L

3

EPAIL 19904 D KRR EEE D MEAT
L, finze

%, ERMOAERE, WA, AVTIV,
B o OHEH A 2 0B SIEMITEN

YR E B ER

EPA |EPAREE,

EPAIZICAQ - CAEP (19904 ) ORBHFE ZWM b LD =

Vv MEICELBZHMELVARIVOAE (HC, CO, NOx) ZHRAE LT3 H,
BEHEREIZTIBOEUBHITSI N T

- -
y

WNWEHOEMBREEI MK AT RN

NASATH, BEFERBORBEBE~DAEREEBICODOVWTHE

PEU(passanger Equivalent Unit)ICE D < BEH A XIREI 2 MET i (19944EICFIPAR)

ANWVTZ ANV FINEIESCAQMDP B MR A EE2FTE., THIFEPAORK L HE LWL

(1981)

ERRERE L RTEE  RERE, BERBMNZE

BB 220N yvay Dt EE 1618

O HEHEMEKLT Y LR

A DBRICIE, &, HC, CO, NOx#RIAHS %%

O MEHIE,

REYVEZNZhORMEE ZEE

O K, BMMIC, 747-47, 7944, 77°0-F, 33900 DA4DDE-F ON V- B 2 A E

H

(55 ) - 1981, FERHAREEREZITDA TR

ICAO

R

DHENRET D

- EEBLDOMBELVARNVOAELZEE L, SEIL6N(3,000ft)ETCOHEAR

- R RBEANE R, HL2DEEET 2

1 DR R TIE, AVz-7 Y, MA A¥ VR, 700,

HY #E D H b

g2 &

- T 5 1) 1 i 22

BrosOHETIDBHRBENDIHD

545 EE

C199IF2ADRET, MEMBRRREZBIPNOxEEZ20%E 5 E LT

WHO
Z4%

IBTEICZHORNEYVHEENRE T 5 —FEDONAMNI{VERRKRT %15,

BRI R A

E U (EC)

1990 ICMERAE ICET s HMAMEET > C

EERE

AVz-7"Y
O C0:1Z88M (Kr0.25/kg)

O EWHE TNOx, HCICHEHN X Bi(Krl2/kg) D&EA

FEDR

Warren Spring Labatory CHBUNBIRRIC K 2T E TRV,
FOAERBIZOWTHAE(1ISEICBNOIAMIFED 2 O Rt OFRAMEE)

BARIEHEEA, KK

BAY |Az-7 UV CDEMBIZHE S

A4 RZX |A-T VT DO EBEHIZHE S

CAOHAFSIA U RHENDHD

ém&¥%%\
O BHOBIIRND A A NVIXHMZHIM Y b0 kg
/201, FEZEERVEERATOHREREIE
MEhlz, CDRAFERE b L1, EPA 13 1973 £
W2 THTZERE S IS T L U T & B RRELYY)
BoOHEHEH, 2HEL Twd, ZOFEZEEC
B 2 RKBEGRNOFRE I, OFEEEDIEE
@2k o PEH S N 2 54 L 22RO TEE)
B DO QORKJE DN OFELRYVE DR
KTk O BARRETE  ©RREHEEY) O T
DSHEBIZODWTIThhTWw3,
COPEEEE X, N a7y —BBRLTRTO
BEORMMZEHICERINS DD T, MEKH
B AL —E oS OFEHES OERIFRE & i 225
TV ORI T AL TERERS Z
EO, LYY UDRGEEA NS, Y =R T Ty

BREIXERIFT0kes (902) W T WD (Boeing#t i H)

7y F—=RT7 7 REY—RY v MIED, K
HREL (Vented Fuel), X &£—27 &4 ARYE
(CO, HC, NOx) xR E L1z, Z0D, BEH
4 ZIEEA LD EATHF TR FE D E R DL & fzEfic
X B2 RTIGGRRED SREHIM % U 7fR, £X
YISO Y kL, HRHEREL
2 E—7 RUOKRRRIAE (HC) O A E IR
(CO, NOx IZXRH) 12 L 728 & A B OHHIE
ERLTODTHDE, FORFMEITR L4 KRUVES
WaaL7zk 51, HCIX1984 £ 1 B 1 HEARE I Hr
EEIN B ERMES 26.7kN (6,000 1b) LL DS
WY —RPxzw b, F—K7 7>, JT3D 773
D—KRWYIJT8D 773 ) —x vy v LBERA
TUIOUENMREL, AE—ZBFEHZY L
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i -

#4 EPABIKIME o> vy)
4 | HEER2 |H F K3 HEHEL RN BHxT Y VY4 X
(9-8"T772.9-5"9°
TF zvbT3. T8, TTS%
B <)
TB(JT3DfT V73— 19 .8 EMA
YY) HC 1984.1.1 R 26.TkNEL L
T8 (JT8DEF " W773V-
/9°Y)
A
TSS 2;3) (0.92)7 PR KA
TP qggﬁw- 1984.1.1 187 (r O) ~0.168 FR000IbU L2y vy
TF 1976.1.1 [|83.6(r Q) -0.214 FRINU L2 Oy
_ 1984.1.1 [83.6(r0)021%H 2 [xx . R
AE -7 Vit 50D s X Lo g | ERE26. TKNALE (E2)
T3 1978.1.1 |25
1984 . 1.1[*ZTECT YR U
T 8 1974.1.1[30
1984 .1.1|*2H U **r | L
TSS 1984.1.1[* AU *r@E U
(F) 1. BV RVOBA RE-—Y : RE—-VF )%= HC:g/kN
rPR:EEDFE HLL (rO) :ERHI(KN)
. EHKE26. TENERBDTFZ ZRICHLTHHEAINTW B D, B AR A
D1 FHREINATWS,
#£5 EPABKIE (EFHRP>YY)
S M HER S O R EHEBL XL A IV YRR
T F 1976.1.1 83.6 (r0O)-027 | 129kNLL Ek
2 E -V .
T 8 1974.1.1 30 LT LYy
#6 EPALTOYA4 27 v
TP TF,T3,TS8 TS S
H & E HEm A H & E & r BF A H 5 & & pi S
{(min) (min) {min)
Taxi/idle * 26 * 26 * 26
Approach 30 4.5 30 4.0 34 2.3
Descent - - - - 15 1.2
Climbout 90 2.5 85 2.2 65 2.0
take-off 100 0.5 100 0.7 100 1.2

% BEI%BE. FELRBEAZE L REDBARA — 5 — DHRM

1984 £ 1 H 1 HRARRICH & S L 5 EREHES 1,000
b EOFEFHY —R 7oy A rfittic
EREHEST 26.7TkKN L EDHEEH Y —K P = v b,
F— K77, JT3D 773 —, JT8D 77 3
VY RUOBEFRRAI Y icHEAINS
otz FIEIEER 6 R EE LN THElER
2TV, 1A 7V ofHERRD S &
Lo T3,

%7z, 1990 FEHEI N AKE B (Clean
Air Act Amendments of 1990) Ti¥, HEIFED
PEHIA 2t U CERIE e Hlils b 23 & # T

2 ZEREOPEL 7 A SR DB E 1BV, & 72,
EPA CXEE, ALV NIV OKKFELRDERE
(HC, CO, NOx) %2EHEIL T3 238, HIETk
72 81X 1980 FELARFRET S N Tk vy, 22 10 4
I OEMER BRI T v v, %28, EPA &
AR, ICAO OZFBEAOHFEEIWY O Tnb, %
7z, EPA 3—E o #H &t 2 X % 72, PEU
(Passenger Equivalent Unit) & W& EA
LT, HHEEMEL2E2 287 A EBRHEH L 7
BE, mMESHECESERIHEEREILT
BY, MRS ABHEIIH L REEEZ O

12—
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DH 5,
3.2 ICAO (EPEERMMZEHEES)

ICAO (International Civil Aviation Organiza-
tion: EIFERERIMZEHEE) Ik THiZzEE Y 8k
H#EE%, (CAEE) 23#E L, EPA SlflEE 2 H
MR RE O Ak 57, HE, BFENRE?S D
et 2Nz, 1977 & THERT v Y VY OE
HOLFERY —F 27— 52 FKTL, 2OV —F a2 —
G- EHEEREHAY—R Y2y PRI —R
Ty Iy, K, AE—7 kU
7 ASREEH) (HC, CO, NOx) OFEHICxd %
A RO D, REEREEATHZ, DK,
1981 41z ICAO f1/EE Annex 16 % TBREE{RF#
L& L, FB1IHEO THERES, AT,
TR 2 LT T Y VYL R
TLTWw, ZOMEFCEE I IERLY
SED, B2 EIC BN BT 2 FEHELS, B
3 I HEHATEA (FEHEAEME) 2R3 Tw b,
¥ 72, (HEES 2 BICIMEEL Y VYO
ST o I EHRIRR O AARE TR IR R s

-

TWwb, Z0%Kk, I5MBEHL Y Y HEHYIE
B£&03, 198242 H I8 HEEhOH A 5> A &1
£, 1986 1 B 1 HRARRCHNE & 5 ERHES
26.7TkN I EOHEHREH Y —FR Y=y b KD
Y —R 7Y rOAENEE L, BREHEH

FFEA (2R 1308 O IRAT S BRI <

vV vELFOFREP ORI BME . v =
74—V R 56 OERED, KR&EHICEHERICK
HaEans ZE2HIET 2 XD keI &h, BES
Nz 5w,) KOEEHAERE (BEOHEE X
AE—TFoN—, FAREBERYEDOERIEZT Z
LATHIE LEREGZ LU NiEk ok wn,) s 25
HU,EEY R L > TRRBELE L T 5, K70
ZOHEET, BIEIFFRSIRLIZL S, EPA
YFIEE UsElEE — R o B A HRERRIC L 01T
ST EERH-TNVS,

ICAO O#iflZ, ERMCIT= > Y v DA
AR DWW T ENE EBBRCldk <, BHRE
FROHH E > Twb, ICAO TIFHEH A A
HlEWNF YRRy PRV —R

# 7 ICAO HilfE

BHHEL XNV

Pl e SN HER S A R ALY Y14 X
HC 19.6
CcoO 1986.1.1 (118 SRS H F126. kN B
s
EEEHA N O x 40+ 27 00
— 83.6(Fg 0.274 & NS
?@fib 2E-2 | 1983.1.1 | SN G e vy
y—R77> . 1;8 i‘;gé? 92))”’_::3
TSN 7T oo NN
BE®EA N O x 1982.1.1 652 427 oo LYY
s HEHEBEELU
GE) 1. B L X)L OB HC. CO. NOXx:g/kN
2E -0 RE—-DVF N —
Foo ﬁ*&&jj](kN)

2. Moo BEDENL

#8 ICAO LTO ¥ A 7 (HJIEE Kk UOEERRF )

HE &EHA B EH#EH
&€ — K - : 2 N—
HHh & & &R B & & E o R
(min (min)
Taxi/groud idle 7% 26.0 5.8% 26
Approach 30 4.0 34 2.3
Descent - - 15 1.2
Climbout 85 2.2 65 2.0
take-off 100 0.7 100 1.2
(FE) 1. BEEBORKEHERBECBITDIARGETHEI I L
(B UEXNBEIZ0.00629kgH-0/kg dry air)
2. RBEENEEEAHELA—TRVLWEEE, EOH5
hiEABEBICIDBET DI &,
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Ty vy VIZBELTEY, EPAHH L2
BoTH—R Ay FLy Y std 283 E
DTWIR, iz, 2 OHECITHEEpT =R
TV v EEBEHEAMZEL Y S THENE
ZEDTEBY, IOk, x>y ORI
LT, =oryrrsnAE—27, HC, CO, NO
x DSEEERZ 7 V) 7 L0 iE s o n, £ 72, 58
#B LTO (Landing and Take off: fiiZtm
BEREY A JVEBLIEDD) YA 7 VEREL
Twb, 8, ICAO OFHNZ 1981 ELIRE, HEH
HADRERIEZXITH> Ty, 1991 £ 12 A
WIMERBEREZESF 2HEHECBVT, [
HES W/GIlI» 5, 19954 12 A 31 HRAREWZHT
TP EFERBME T A2 BR T Y v R 1999 4E
12 831 BB cEE sn 3 28Xz v o et
LT, NOx ®E#¥% 20%:0r < 5t (HIER) 3 2%
Brah, 83, £, BRERBITE
HEIFICOWTHERSNIBEREIWES T, B
WA ADRR B2 528 % L0 AECEEY
5 EMNERTHY, TORDOEELED D

AL -

Yol £, ICAO DF A R 74 > DOXRH
DbDELT, MEBOMERTEED SR 5%
FRA A NDDH 5, EROBREIORRILITH 70 kgs
(90 w V) (R—4 v 7H#HORE), Bk
X o TR D A A VIR 1 B84 70 D TR
0.3kg %> TW0w3, BEELTE, ZRIEEXR
XIETIER WV,
3.3 EPA RU ICAQ HEH A X HID LEER

EPA KUV ICAO T, EEEDOMH 2= D E T A
7Y a—un s, MZEROREER O LTO 1 7
VOEEERE— N E2EELT, 19427087
DICHEH T 2 25 E OBEEE TR 5 2
LTI EfT> T, 194 7 0vH7:0 D1
PeE e EOME X, BFERYE O El (Emission
Index) i, T« ¥ > OEMEHES R OREREER X
DEFEING, PL, AE—Z7@FTRTDE—
Nicbhl: 5 EETIEL, 2ELTYy b~
¥4 7 No. 47 4y —CHEINTEGDE
X (RE—78) BHORIET/RIEM (SN:
Smoke Number) T3, HEREE &S % &,

#9 EPA #ifilik & ICAO HHEREDHHK

IH =] E P AMK I CAO#EKZE
Yy —Rr7vpow7r, y-FK7r7r>, ¥—-—|BRBEAY-—HFYzvb, ¥F¥-EHK77»>
IRy zw b, JIDEFNVNZ73IU—, |2y (F-—R7O0v T7IZEHRED
HETY UL |IMMIEF V7P IV —, BEERR (U)W, ) T, —EHH (RT7T28) M
FA%EE, E&HmEaFoTnad, HIBIHEINEZHD (LR L, 1965F
AIFICAOLRAU. ) o FEME Y ([IHAIAUGICERATEFRE2RZTZEA
VEUBREEREZ VY V. v Vv ERKRLS ) .
HEEERD IHC(KRBRRAELARB)RTRE-—V, HC(FBMEIKR),CO(—BRILRE),
NOX(BERBLELMIRUTRE-V,
£4,F5WCRT (26, TkKNML £ R T'TSSY7 KRTICHR T,
¥oOH B AD R WEIVY UN T 51984 1A 1H
DBEFEEE IS D W TILICAOY A Lo
g 2P o 2 (BIXWexE0T) EPAYRAL, S&EHEE— FOREH
Foo ERE AN B s2EDOMERBETOHEER
LTOHYA ZNViEEXRE6IZTRT, OMBE2ERENTHLUEZME. &
Dr:LTOY A ZNIEBITZ2EEWED |— FOY A4 2 VIELTOY 4 7 )V (Landin
i B 5 BE & (g) g and Take off Cycle)x Wb, R
ﬁ‘;‘ﬁ Foo:i%tﬂjj (kN) 8‘:75—3_0
EI :13wyay-{ys 9hi(g/ke¥)
We: LTOFIIVEZ -V ORE A E (kg/s)
T :LTO¥MIVREE— KROKM(nin)
i AR BHEaIhTwd, FEL, BEERDOD|IRETN TV D,
HAWHBICAOLETIETER S,
ICAOXEHELU, Recommended Practice2 LTI N T
W3(HCWGHZFID#%, CORINDIR
3 O & . NOxxZ i nw3xg, -2 A5
MYETAIA/SAEXE - F I\ —
Lcamshd, )
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% | C0 40 155 Oktftt  ¢/BHPh
X H 1) BRIREE 88,1210,
Nox 80 e Pl mm 13U %
7 | NOX+HC 18
" Jo—~I51 L E 2 & (R, BER)
PM , 0.6
s @ FouSL~Lar20, 715 E—950
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1. I ®IC
KEWREND Z L BTEFICBIT 2 BERAH
EIZOWTIRHRBETH L0, ZOHEMITHE NI
B D HECEEELY ~ VR EEN T2 2 L ik
TERV, HiZERE, i, BEEL L OEXAR
B CREALEIC L > TRIBICARSELR D,
ZHLHAARBIMEERZEE LY A 7V
HBHVEFE—FTOHFENIEDSNTBY, H
BIELICH] 5 TIEZ DE — R OFL L PEERETH
5, fEoTInsDVHELEE (B HESH
BOBFELY ~ VR EFENCHK L TEE2wmT
223 TERY, L L THEEOHREEIX
pPMICT 2 E EDORETT ) LI BEOEMIZ
MZRWEZIE2hDLAEFEESND XS CR>T
KT LSRR E oD, BOBHOMEBIERBIZ
Eybi, B3Iy ya rEfEwd Rty ok
MRWPEANC R > TR TND I EDIEETH Y,
WROZE EZITWL I TEEY, O
%5 L BEMAORMRMCBEZ L LD
EWIHIRATHY, FITRBERAMZELUNDF LI
BT DO EERSEICE W, 127, BSEOHH
I3 2 2N OFREIY IR L T X D
ER L ORBERZ S LB EHIEINIZH DT
HoT, BEHERHL ETA A=Y 2T T 57
DOFERMLDICBEREPERTEAL TE &
VAR

2., @B [TIvrarMrFvoR]
HEE2RET 2BOEBHENE2 I 2 TlE
Svvaryf4rrv A (EL g/kg—fuel) &3
%, Txbb, 1kg ORE2HET B HET
5rIvyvarOER(g) TEbIN, MELY
Dy & b IRBEAE OB L & THI T & 24
MEBRBEHAMTH %,

%, BEROHEFOES § OFHAIE ((RFEIERE) »3
(C)) (ppm) 2o 7:lF, iD=y arAg

(FRE 7 5 4 B 10 HIFERSRZ )

MmEEREE

7w 7 AEL [i] &, kRATEHENS,
EI[i]=(C,) x (M;/Mar) X (A/F)

x 107*[g / kg — fuel] (1)

ZZTM BXU Mag BBELELS 18 L V%
KO5TE, A/F ZERZRILTH S, UT, 5
% NOx £ L, NOx=NO, £ 32 &, Myoz =
46, Mar =29 TH %, BT IIND ThH % 25,
BEFEIFESTHS, NOx £ LT NO+NO, #
EDWELRD HEHEFF DR U 24T
BErXHONIER WY,

3. BE¥RAHRY—E>

REBRRETHEOGREERE (ppm) WA
BEREETH 2, 338 bBRENTHWE LS
I, BIFEBFRIEEXGDORFONOx #E % (NOx) x
ppm & F 5% &, BRERIFEE y% DO NOx &
& (NOx)y i,

(NOx)y = (NOx)x x 2-—¥ 2)
THHETX 35,
<Ft&EHI>

NOx H#E = 70ppm  16% — O, %, 0 % — O,
MY ICBRET % &,

21—-0
21—-16

70 X = 294(ppm)

£ 5,

e D% EL[NOx] Wc#iE 3 5121, K1)
F (A/F) £ UTEREO, XXnd 2{EX2 Hwih
RV, Thbb, ZREEE (ELRHL) 21 &
T 5k, BfE O, =x% DK,

P
T 21—-x
_ (A/F)x
~ (A/F)st
o7,

21(A /F)st
(A/F)X=—(§f_“§)‘s—

2T (A/F) st 3#EgmEREERDL, Flz i
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LRI ERE CIERIg 14.7 ThH %,
NOx £ LT4£2 NO, £ +3548, (i,

EI[NOx]=23.3 x A x 107* x (NOx)x

tixb,
<FTHEHI>

NOx 34{E = 70ppm  16% — O, %, EI[NOx]
g T 2, MEEBEMEL, NOx 3L£E
NO, L&Ak T &,

A=21/(21—16)=4.2
125,
EI[NOx] =233 x4.2x107%x70=6.85

ri0, #6.9g/kg—fueiZfiH T 5,

4, Ay b2y
wRIWZTT LD, TLAHEMEOH I El 2 &
D TEENES TH 5, HEEZ DD DIZHE
1IN LD DT I vy avPEHER g T
bath, ElLH2EO%E (1kg BMELD OHf
71 L oBOEEZ L S,

Dp i3 LTO (Landing and Take-off) ¥4 7 v
wBATI vy a v EHE g, WERBEE—FT
OB E kg/s, T 134 € — N OFFH min, Foo
TERH S KN 2Fb 1, ICAO @ NOx HiH/{E
X 4042 700 &, ERGHE 7 700 DO E > Tn»
2, 2ZTRICAO DB E—-FIZBIT2EELD
s34 [GTS] Vol. 16, No. 64, 1989 P.13] %
F1WRT. 2D &1 ICAO OEEE— N TIX

- W

Take-off (100% &%) & Taxi/idle (7% &)
OFNZIE NOx VARV T HEBELULOREH 5
ONBEFET, FHEFOLONDHEVERZL S
AR

DIV Y DERES w0 =27.1, ERKH
41 Foo=202.8 kN TH %55, NOx DHHFIE I,

Dp/Foo=40+2x27.1=94.2

x5,

ZoflTit, Climb®—F (85%&TM) »&b
NOx HEHEHNZ  (REHF D (WEXT) 25K & <
El 4% D EW), 294 7 VvOKFEDHB IO
T FHEZEHEINTw S,

5. i #A

2.4 IR ST 2 IMO OHIHIZ I #E 4
LTz, ZOBELERATRL ZOHEE (E
PEED) OB TA ZTIUBEEINR TS, B
firix g/kWh ¢, BEHATHLF— (1kWh) 4
DOLIyya ERg TREIND > TEL
BT 21k kg REIYS D O 2 ¥ —
kWh #FFTHIETE YV, ZOHTZ A VF — L3R
fl oo Fezh g HE (kWh/kg — fued) W HEBIZEE %
FUTH DI SRV,

Thbb,

El=Lnx 7 x Hf 4)

7oL Ln 32 AFichRR SN D FFERIEHER
g/kWhThH2s, E2KRVPE3 YA 7NVTRE, 75%
V2 BRUVT5%HES1080.5 & BK D E AR
FEanTBY, 20— NB3REHEDE %
HOLHDEEZOND,

#£1 YVrvhbzrYroggs (ICAO £—TF)

e | RGE R pops | TSy Y a YRl ke |22
(Foo) (43) (kg/s) HC CcO NOx |7 ¥ 7%
Take-off 100%Foo 0.7 2.126 0.1 0.7 30.6 4.8
Climb 85%F oo 2.2 1.770 0.1 0.8 26.2 4.4
Approach 30%Foo 4.0 0.605 0.7 4.4 10.5 3.0
Idle 7%Foo | 26.0 0.202 0.2 19.9 3.9 7.5
HEH & Dp/Foo (g/kN) H2WIEAE—2F N (&K)| 0.9 35.3 57.7 7.5
ERHES Foo=202.8 kN ek JP5

ERESIEE m00=27.1
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<FHEH>

[\ #R %% 100 rpm, BEEIRNZR 50%, HiJ7 30,000
kW O F 4 — P LB DBES, ZFE NOx HEHE
Lnix17g/kWhTh %, BB DIEMNFEEE %
12.2 kWh/kg (10,500 kcal/kg) &3 3% &,

EI[NOx] =17 x 0.5 x 12.2_
=103.7g / kg — fuel

Y b,

6. BHENE
ULV Y ) CEAEE2HICET S, BN
10215 F— N IZER & L TREE 0BT E WS
BEDEL IRV, FOIFLALIABERET
H 5 FIFED D 5 o HHEDOHALI g/km CKE
Tl g/mile) T, BEAETHERE (1km) 40 icHE
HanzrivyvaryoEREgt L TEbLER
%, - 7T, ETHRE (km/kg) ZHFECTET
B ESoTEHEIHET 22 LN TE 3,
<EtEHI>

NOx #HIfE 0.25 g/km et L, £— FETHR
210 km/ ¢ OHEE O El fi8H 2 KD 5, 4
VYUY DOHES0.84 L35k, ETRER,
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10 = 0.84 =11.9km /kg
EI[NOx] =0.25x 11.9
= 3.0g / kg — fuel

Lz,

7. &80
PRS8BT 2 BESHEEE% EI [NOx] &
W THEWHE L THl, B s 5
DIRFNELMT & > DO TR DOFHE % b & A 75
W27 o T 3 OIEREV, 2 5 EkiR 0%
B R VEG | SHEERELR SR T0wSE 2
ERILTHBLTHEILZEES, 2OL512H
FB L OZFOHEE, FIZsEL2ERE T ICHM
B CTBHWERHKT 2 23V TH B, H
BEEOD & 5 WREIRER FR L 3 2 #izEe— R T
BaBESTHE, LrL, 29 LiEArE
fREEE 2 7 FTESHFOEL S vy a VTR
ST, &SHEMOb 7256 TR 2 ERBRICA
A=Y T B EVNEFICELEEbILS,

ZDE IR L TREBRLZBE LW
LW BRENERESORIZb Ho T, EERNMD
CER - THEEENE 20,



FZ 4 1& NOx PABEREFRFE D EE]
—fit = HB-

1. iELwic | |
BRIBREOIIE» S, MEEHT A —E I
BT BHEGHIRADBRIZELL x> TED,
LT 54 DTV ABFEEOUDFIC b 2> T
Wb,
BRETRBSEREERI S EEE P RITT 50D
HEH NOx (2% b)) 54 V v BEBEEL, A
RIZEN & SN D RAMRES EEMOFER OB
L7 s E LT, BEEEIC DL TEEHIFE O NOx

HE s LB ah2mEIED, BRRO LS %2

BREAOEF P FIcEEEsRWRFEIC B> T
W, ;

Her 2EAE LY, Bz 28HE1EH
2h, RICEARBREICST 2E8»Be3nsd &
32D, 1970 12 E O EPA (Environmental
Protection Agency; BRIBIRFET) o3 HRHHEAERIE
DB RGO I-ED S, BRI E 505
Ik o7,

L L s, BFRBEFEOHL LT > L TUEH
LIEIE 2T, SPIE[IRAR AR S A DR
A THHEER SR 2 2 T 12 b DD, £ NOx,
UHC (RBRRIEATE), CO (—BILKRE) D 3G
BRCF RS, 1972 4F1C 27— b L7 NASA

(National Aeronautics and Space Administra-
tion; KEWZEFHEHE), PWA (Pratt and Whit-
ney Aircraft) #: &0 GE (General Electric) ft
12 & 5 ECCP (Experimental Clean Combustor
Program) &1, % #icHiv>T 1978 4EICA 8 — b
L 72 E® (Energy Efficient Engine) 5tif & f5/&5E
IV UERE VI TOROBRIRRZ» o7,
CHiE—D2 R REAELY bAMY = v 7 IXRE
ZETABERECOBEROEEL T, 45,
TS DEA B R — AT T 4 P8 VIEREHEI IR
RENR O HEE BT REEM 2§ T2 DRD

(FRE 7 4 4 B 17 HERSS2A)
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e L7z,
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NOx & E L Tix, #OFEEEDL S —
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KRN Db ERENS VLD Y —< )L NOx
T, BIROKEC LD EBIFOEROBILITLD
EREND, FOERBEROCHBETESL 2 L
BHE S T 5> T b,

ZDO¥—= NOx DERZEE252 50
X, KRB L R TH 5, B 19 12K RIEE
¥ NOx £EREDOBER %, B20 1 HrEgRsE & NOx
EREOBUEETRT, 2N & D, NOx 45k % E
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8
]
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Equivalence

107 .
ratio

NO,., g/kg propane
T
[=)
3

05r

0.2 1 1 i 1 |
05 10 15 20 25 30

Residence time, ms

2 W & NOx R E DBIR®

BEaR N DI ERE 2 EL T2 8B/ TH S Z
LD b,
3. ENOx {tDF%

KEBEZTT 5 720100F, BREGEER TORE
EERDOEEEE R L RZ 254 (—RICZE
AREH LI N2EE) 5, e EEIREE
W 5D, R R HEDRRBIC T 2 TN E 5
Nb, E5IZZDIRERD 50 UDHBREERTICRS
SR TBLIAERESICE D, RBQQLB &%
(Rich Burn Quick Quench Lean Burn; 1&j& R 5E
BRANGE), HHRBEE, FETRAREEELED &
SWHEENS, LL, ZZTCRHEER S DN
RBERNRTH %, & NOx ED 72D KRIRE %
T3 &% & UHC®, CO oHeH#imz X v R
BENEREDIR T & %2 %,

X7z, WHERFMOEMMEOER ke L T,
BREEdR O/NBE & U TR IbE NG, MEERR S
PREESRE I BNILTEI LTk D, K39,
4O WCRBER R I WX OWTGE#HDCF6 2w
TITbhl-fMiiZ~3, CF6-80C TIZ, -50 £
HIRBEMSE X 2EMET 5 2 LT X 0 B R R
DEE, NOx HETF2 Z iR s BT Tw
%o MRUGIZAT S5 & KR DPNEEMER 375 REER
JEHSE IR T & D S RBESRIR T &8 & 7
5, FoTENOxBREFOEHR TINS5 D
77 78— R EYNIER L CEAT ALERD S,

F I REESR DS X B K> SR AT TE

A + MR

+ NOx daia adjusied io
Tﬂ 1477 °R (821 K)
Pa © 29,7 atm

+ Fuel: Jel A

60

Grams per kilogram of fuel

0 1 1 1 1 L ' 1 ' 1 L
0 05 1.0 15 20 25 30 35 40 45 50 55

Combustion gas bulk residence time, ms

3 CF6 x>y DOMREESR T OUHKRE &
NOx fil & DEEfR®

CF6-80C

4 CF6x>YyDREERE X DHER®W

B DA, — /5, NOx 3FAEL 2T VDILE
B BEOBARSKETHD, ZOEBTH ZIZ,
AR 0D 75 IREE 2 BB ORE SR BIMRBESR TEILL 72
Ba, BEHTHEIEKLTA FAVERETIZELD
PREHEERBIC 22 > TERZEBIC > T L E D,
209, ZOEAFREN L BAFFETRES
FhZh#EcBIh25X 5 EZONED,

32
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AT =Y TRRBETH D, Z ORRBERITEARH
EEEMHAZNETNORBEREEL, BB LT
BH¥EFAMEIZEARCRAT -V 73550
PREWTH S, ThZhof%K 5496 KUK

®5b E*TDGE ¥F7 N7 = a5 RHREERR®

F GE90 dual-annuiar combustor

T

MuyRi-hole combustor kreng

H5c GEN LYY >DF T N7 =25 BIREEERG

B 6c

i - I

[RECE I A
INSDOEOREME LT, ¥EZHFEDAT —

CUTREE (FTNVT =2 T) ARTCRESRE

L e, TVY VBIRICB W TRESREBIREE

Main
stage

.~ FUEL MANIFOLD
AND SHROUD

MULT! - SUPPORT ) '
FURL NOZZLE e N, ~in
ASSEMBLY — __ oA

STRUCTURAL

SEGMENTED LINERS
WITH ADVANCED
COOLING

!

L SHORT, CURVED WALL,
STRUTLESS, DUMP
PREDIFFUSER

E6b E:ToOPWA DRTF— > 7 BREES®

2 IGNIToNnS

MOUNT PINS\
: § o o

G S S|
MAIN DILUTION
' ZONE HOLES
4 /
[}
a7 PILOT INTERMEOILATE ot -‘}
b - —'u: - ZONE SWIRNLERS o =T
77
/\L == . tuLior
11393
%@T Q]
3

LINER SEQMENTS
~ THEIMAL BARALER
COATED

V2500 => 2> D PWAIC & % ASC REESRD
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g H{K NOx BURBESR IO HE T 2355 D &N
Dl TTte, Ele—fic, 7TUIHIRT—P%
BAHD» S BAMEHTHERAT /5oy M R
T—=YEL, 4 I AIESERSFEIZTTHEAT
AL VAT =V ET D, LL, ZOHFETIR
A FRDRA VAT — DR E L DER %
BT % 7: DR ERR S S 2HIRIIA & & 305
DY, FHRELTIBRES2EOEI HREL
by &z, XA O Y MERXRALVDRAT =YD
iz —EoRI e 2EEL L2700, A4 VR
T—=YDEKIFINA Oy b EDDKRERECL D
ZEWRiVETHEE R 5,

BT A T — 9 > ZRBECIE LM% %1 oy
NAT—Y, THREIZ XA VAT =YL LTHW
%, ZOHRBEHARESPEL RS I EHNRA
THBED, A4 VAT VBN THRENCH S Z Lo
O, FTINT =27 THEERDL AL VAT —3
DEKIZBIFTHD, £y 4ty b RAT—Y
DRKRZEEZT, RRPBFTHSLZ L6 X
A VAT —VREBPE LI ENTE, MY
D3 INE L 2 DK NOx b D 7e DI IZFE & TH
%o

BHWMENOx b2HED 2 FERE L CIIAET
EEHARL RBQQLB E8HWwWs NS, 2o
51133 ICAO (International Civil Aviation
Organization; EFERMMZZEERE) HHEIED 70%
PAi_E®D NOx B D 72 b DIRBERF W H W S 5,
XD KRKBER T T TREES 5700, KATS
o & EHAMSRMFE THEYBREE S & ¥ 21213
EIR DRRBERR TIIXIE T &% {72 %, HJER
ZHEATLILEID L, TOHRNITER» S
NASA ETHE SN T & T 3238, TR E S
DOIEEEOMED S EAL E TITIEE > TR,
4, MZRICHIT B NOx {bDFEMTERE
WZEFH DA A8 —E 3B L3R EEs c B4
BRDE DRI BWTELR - 2 ER 2720
b, FOHKIO I REEREE FOBK
B3y, $%bb,

(1) EBEIEIPADNLA O, (BEHE KM E &L
WABESRAF)

Ak, THIOERTOEEIEIEX 283
vy, (AKDIR XiAA, ALEBIES)

TR DHHIDIK & Vo (ZETHEPT_ MR HIFR

(2)

(3)
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HEOHRIDIK &V, (FRcEi e T&
ARy

JREHEDR N EDRD 515, (AR ERER
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B, & NOx BRBESR EHICH L TRRD T &
<@§Etﬁmmﬁﬁﬁﬁﬂ7m—x7/73h
TK %, (BEHKEG), M)
1) =Y rOHITRE ‘
AT =Y 7 DOEE, KD OFFEEMEIE 2
ohd, FICEREDE, S o HAHES DN
FANDHEBRFIZSA 0y AT —VhE XA R
T—INKEY LnE v —FHENBHT, B
B —N—F T2 & 5 REITORD B,
70074 bOKE—R EHS EIBRERE
W) & DBRERL DT, EHiih S g
BRI TRBICRE SIS E N5 OB b b,

25, TvY 2350 ETOPS (Extended
range Twin Operations; Ffif{T2ER L 72
FRITEORITHFHOEE) FLMEE %5,
(2) v rOEEDEL

T—7 5V (7 Fu—F0 o R
TOHIEN, BEY AT ADERAT Y YR X
%, NIEEE OHE S8 N PR D R e e D%
LIAADEE 85,
3) =vYroliIET
BMLONRV I KL 2FE I MEE 25, 7
7 —FREPRROBELTH S, FricfE NOx B
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DEAPBETENTRENANANA LYY
W2 DEEHNEFH L TW5, KEET R Mk T/C
(Type Certification; ZIFA&KER) FNEPLEHED
YIialv—bMEIREETH D,
(4) oY UG AR TOHERE

R B T A A AR OG5 7 E R
PELNT, BEERIESE L £ 5, NOx DWW T
BERA ABENZ 7V 7 LTy, UHCIZ X b 2=
TEBICEETHEE RS, HEARE~—Y
Y DORYHRIETH B,
(6) AT =Y T DOFHDT A F OMAM
WNABAY PAT =V ERAAL VAT —Y DY)
BENMBAINLT L, BEHLYPTV, 207208
G I TR AR T 2,
6) ¥ ANvoBBEOa—F% 7

A4 VBRI ERERA LW E IR Vi
HUTREDRIEL T, X4 VERRLER 2 EAZEL
TLES ik b,
(1) Ta47a—HrozvFrs

AT =Y ITEDT 4 F TRAORAZELRD
JESTHEK ORR & ZE L ek L EEh#EI P T
WEEDL120, 747 2a—VRXLRBUBLETH S,
(8) MREMELGEY A 7 At

BRELRIEE > A 7 ADEHEC 72 5 & R PELE R
DN TNDHEZ B,
9) HEHEHoy—v >0

AT =V 7k BKEVROTELIORE

THIRERE I FEE DY — Y~ — Y VN BT 2,

Fric REC(1)HE L6 ESFIEDES TH % & Xk
B)TIHIRRT W3,

PLED X2 222 BREE ORIMEFRER D % 720,
FERRBERACEL T VEMEEBELRATE
T, FEEEEZEDORDDEL DY SHRBRY
TP VRBRE VT T ALERD B,

5. ENT7TO—F

NASA Lo P v A—hThHs PWA, GEL
& B 21T > 72 ECCP 6% Th %, 2
Z, FiErr Y ek 28BEcEEsILD
DT, PWA #13 JT9D-7 % GE #:1x CF 6-50 %*
N—ALY Y CHTIHREZIT> 7,

GERHWBEZYTNT 7y v VBIE Y TNVT —a
7 B DX IRBER R L LTI 2 1Tv», FEiFx
YO TNT = o T RBREER R RV, K

it - e

ballZ DRBER E T, MR E LTHER 2
T L7DZ UHC 20 Th - 7z,

PWAHBENA 7Yy REIERILE Y 7 AR D
BB 2R & U THFRE 21TV, R, RrE Yy
7 ARURBERR B HAE L > ¥ IHAAA TS, 6
Al ZORBERE R T, R &L T, CO,
UHC, NOx L b HEfEZ 7V 7 LB AE—7
RT3 TH - 72,

EHRINSOEENLE oy ric#fsh
72o B 5b, B 6Db iz GE, PWA &4 OB
BRT, TN OHFIE, B5ciant &9 GE
HIZGEW OF 7 N7 = 2 BOK NOx BIBREE
BIZ, ®6cizmd X512 PWA#TIE V2500 D
ASC (Axial Staged Combustor) & LU THEEIZ
BHEHEINTWDS,

6. KO F77O0—FDIHR
6.1 ERRELLDENE
(1) GE#t

GE #1x CFM 56, CF 6, GE90 TT 2 7V K —
A (FTNT=27) BEBFHALLI ELTWS,
CF 6-50, -80C2, -80 A, CFM 56 D& ET )LD
NOx v~vid ICAO HFHE 120 L T 40~60% D
VAILTH B, B L ICAO Hifll GRAT D 20% )
TH 27V 7 TELHMEHEOERIZRE DM -
BbEELTVRBEELTWABRUY,

Yk 742 3, CF6-80 C2/E 1 D& NOx &I
BFAA O T/CEZHRBL 7zo THITFERRTHE 10
H, UPS o B 767-300 ER &% TR OF
TETH 5, ICAO #HFHE I L, UHC ik 12%, CO
1 22%, NOx 13 49%TH %02,

GEfic &2 & NOX BRI DOKRT ¥ ¥ VidF
B LOAFEREE CHERM T L
30~40%WT, HEHEBHNRTH 2, HETES
PREBETE F 7213 RBQQLB T4tz 80~90% T, Z
NITHEE RS R TH 5, 772 UEMREITRE
LTwaW,

(2) CFMI #

HRBERR X GE #E23HY L TWw 5,

Y 7#1H, CEFM56-5B T NOx 1 5
TNVT a7 BER LIy LTHIO T/
C ZLEBHEBEL SIS L, SER 74 1 AR, A4
AMRZED A 3211 THIRML L 720 RERBLD-5B X
DH NOx X 46% LU EH Y b a8z LTWw3BE,
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GGB-1
j

AL

GG8-2

Dry low-NOx annular burner

14 FZ A& NOx BREERR(T & FT 8 (UTC)™¥

ELBRBEN T E 2, Z DK NOx RGeS DEME
AEERER 1, 1994 H2¥0 SR EI N TV 5,

25 MW #@ FT 8 T, # R AR TIESE SN
F AR 16 KRB L 72 7 = 2 5 BIREEE
Ao Tuna (13, 14)9, JEY 7B R
o, EHETH NOx BEHIEE 25 ppm (0, 15%)
UT2ZRTEZRBLIEONTVL S, BEHAH
DOfE NOx HaER & OHIEEE X, MR A LIRS
FEAB L CRECHLUTHBETH L L HEENT
W5, UTC & Z OWESHFICBR Z 2 T, 1995 4
DEFIC b ERFEIRABRETO TETH 2,

25 MW # 0 FEZ F RB 211 (2 <~ 5 6000) T
W, 15 BX U116 @R T &2k, EHYERREG
ROFHEFEASENOx RESNEESATY
50, COHATIE, FEANOEKJERS X
Wb &3 —ET, BERERB L AN
HESIRE WL C TR 2 cits s n 3, NOx,
CO 8L O UHC OHEHI# 1%, WAARFFICL 25
ppm (0, 15%) A TFWCTE %, vy icia® 17
WART LD, 1684720 9 EOBREER LS RERR
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WHAAENT WS, 728, 2 D& NOx BRBEdE %2
E L J-EX RB 211 13, ERSEIERBR R B
5T L, 1994 FEXVEARTHEERSTTbOATY
200 F 7, RR CHEMRFENED ST 50
MW $OEZEH V> Mcdh, BEIFEREAADE
NOx BREERIPIFHASI N TV D,

40 MW & LM 6000 T, X 18 2/~ 9 35S
BROFHETESHRER (7 =2 78) OFR¥EH
D SNT VBRI, Z ORREER IZREL, AV 28R
WFEEAZ, W, H, 40 3EEFILTWw»3,
BRI T 4D 0EIEE— FBHvwsE (O
FRULER D &, @RISR+ PIME], @R + S,
@B+ PO+ SMED o B & ER E O TFREI
W, 19 RS & O R TERRO L T REEA Y —
SHHVSNTWS, £z, ZOMREERITIGV &
WERAERHHT A EICX Y, [EWEEEFHTE
NOx 2#F T 2, filfIc b BHETE S LD
WIS HERERL T, EREIHRLED T
32 EBHEINTW D,

9 Tubular combustors

80% Increase In
combustor volume

Existing
turbine

15 FZ 11 NOx ##E8 (RR)®

SECONDARY FUEL

PRIMARY FUEL — . 0

CENTRAL | [ lprmaRY | |C | SECONDARY
DIFFUSION I

INJECTOR i g

PRIMARY =

MIXING DUCTS ]

SECONDARY
MIXING DUCT

16 K 7 41& NOx #Eess (RR)*®
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32 K5 41K NOx BREERR1X, BTV YU A—H
WBOWTEHENOL R DEATETWS, ST,
WARBRENZIT LT R 7 A {ENOx BRBEdR DR T

17 ¥ 4 {& NOx #RBE#{F & RB 211 (RR)

Centerbody

New Premixed
System

Conventional
System

18 F o1 {& NOx BREERfT & LM 6000 (GE)©7"

Fuel Manifold

»
=
|
— | 1
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DEREINTL B, ZD®IZE, BEBRHOT
I - FIRGMRBECET 2THELLETDHY, H
FE OMRALEAT R A TS T 2 BRI
EHEFTULRER RS, 12, YNGR
PRARMILIA ZEE CRERIE > A 7 L DBFE L LE T
Hb
HIBRBE T OBRBER S L BT 2V F — I RKH 5
EKDOENTWARIIIBWT, FAY—ER
BERIC T S N AT L EER, % 5K
THETHAHI EEZ 5,
SEER
(1) Davis, L. B, IGTI-Vol. 7, ASME COGEN-TURBO,
1992, 255
(2) BiH, HESTRA Y- &8s FAEIRAI -
34—, (1992), 25
(3) WM, HEF RS —E v FURIAI-ErE
3 F—, (1993), 53
(4) Solt, J. C. and Tuzson, J., ASME 93-GT-270

B - B

(5) MMiF 24, #R Y —E UKEHBES (AL BER
£, (1994), 111

(6) ZERIEZ 2 4, HABMES 25 11 BINREERE > > K
U AFEBEEOCEE, (1993), 415

(7)) RHE» 44, BERA RS —C 2T HRBEGRE,

(’94-5), 85

(8) Rawlins, D. C., Mod Power Syst (GBR) 14 [5],
(1994), 79

(9) K&, BRA R ¥ —E »23eiE VOL. 22 NO. 85 JUN.
1994, 15

(1) Bauermeister, K. J. 1% 2 %, ASME 93-GT-307
(1) Strand, T., 20th Congress of CIMAC, G13, (1993)
(12 GAS TURBINE WORLD, Jul.-Aug. (1994), 37
(13 Razdan, M. K., i 2 %4, ASME 94-GT-439

(14 Snyder, T.S., ¥ 24, ASME 94-GT-234

(15 Willis, J. D, i 3 4, ASME 93-GT-391

1 GAS TURBINE WORLD, Sep.-Oct. (1994), 44
(1D Joshi, N. D., ¥ 4 44, ASME 94-GT-253
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1. FANE

TE, TANVF—-EFEOBFIHOB LS
A — t/%ﬂ%bf@Aﬁﬁ/xTA%j—
VIRV —yalYATADERDPHEATH S,
R, RETIIBRI 63 FICH A Y —E
XU TERBY) (NOx) OFEHEERGI T
S5, HABBEICBWTH X DEEL WEIHIoE
Tond Eokotz, 51, BEHRBIOMIT
ENTWARET T, FEEHRT 258, B
NOx PR B OMEMEI 2 5 1201z, FIRERIRY
NOx BEZEKBT 2 EXRDODLNT WS,

NOx K & U T, fEk, FEEERREEEE O
WX, BEER N AN DK/ ZRTIEA R ENHE S T &
7zo UL, o OEIRIIERGEE, Eix - fEFF
BOWIN, BEIEROET R EOREND Y, BAE,
HETIRAMRSE 2RI U 721 NOx BREBES OB
WHNZ, AREEEREE =R U 7K NOx BRBEss
BSOS HED 5N T W5,

LR BETR X X, BE O HETIRREL L
HL B L ERORARE MO MRS L, Ao
PRAVIREIERC & o TRBES ¥ 2 HETH B, 7
EREAK[EEHTE 2R, RNG ERE %
4T L HHOBE2E NS 20,
Y—<)U NOx OHEHE 2D TEL MG T 2,
2. BhEEABE L EIE

il & 1%, YET, ThEHEEI»F EZEAL
232 2 Eix, (RERIEERET 28 %2 0»
Do DFME % BRIGER G G U 72 B DAl R
BECThH 5, MBEOHEES X UHIEETR TORIGD
BRFEERMEL 725 0 %M 1 1277,

AL, EETTAE RS, SRTHHH
AR I —Y 274+ (2MgO-+2 AlOs-5 Si0y)
HEDRT Iy 7 AO¥EM (BIK) ki, K
KHEBOWMEHWE LT, SERHEBET VI F
(ALOs) 7z & OIEMIREZIHEF L, % OFMIZ fif

(PR 7 5 3 3 29 BIEREZ2AT)

EESHRBIER v R i

B 2 BEER T SR L D B, WA Y —
B2 Y OERESET TR, HEMORIRIZE
THBERODVIZWNZD AR ERDEL T3,

At 2 S R TR 5 b, il 0%k
HXEHET 5, CORRBICR B L, KIS
BB RE L BRRDAEERTENC B, o, R
BE#he L3 <k, SMELUIBEEBEDRTF
PEEGL TRATANVF —2RHT 2 (FEHNIG) .
BB, EHCHELR PREER, 25 EnRT
VU A O G T 350°CHh 5 450°CREE T
HbH, RIZ, BENEND ELE I, AERE
5D L > TN=2 LHNOHE (V) 2EB
T BAHAD, BREE (KA —BRBE) ZBEAT 2,
B, X VIERECE, KIGREREKIGTE D 5%
HAD (UGS D) IR % 8 T KA —%
BRI BIT 35 (R27Y), Loz ky,

~Go)

BRIE 77 2,

B (BEREHT Vo E)

R (3= 294 + & &)

B 1 AR eSO B
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HC
SR 88— SR BE ST R 3

¥ b 5 5
=
3
e
i
)
S
S
=
i
=
=
\%

CcC
ik B 3% THI S0
3¢ e F 9k

/
//%ﬁi¢ﬁﬁﬁﬁﬁﬁmﬂ,
,/ A BIREEY T 2y 7 B

FRSRE

R A A BESE B W B I A AR E G £ &R
R —HH G O STFC RIS O

B 2

RRBETIZFAABERIE WV = RV F — TRIC % FitA
T, FHHREOREELTATREE 2 5,

WKz, HAY—E > FfitEREeds OB AREE,
B & UREsREEC & 5 NOx HIHIE#E 2 3 1275
T O IRBERRNIC N = 5 LTEREREDSEE &, Bk
LR ORGSR G S B, AlEEBRBETE
ERWD L, ZRBPOBRE L ERDEER T TRIG
UTHEKT 29—~ ) NOx OHIEINHEETH %,
+—< ) NOx DERIFBEREFEELE L, K
1500°CLA ECABICHIINT 5, Z 2T, BABEEN
TOEER OB Y —= ) NOx #iEl g L 72
%, WEOMREEFHETDH 5 IBUREETIE, s
HIO A AR D 1300°COEMBTH, KRNI
CEIPYRE R 2 EESLTEET S D,
1500°CRA E O ESRBOFEE ITHT s LT, —=
WV NOx B EICERT b, £z, FPREREET
1, ZERBEVTREREE OEREEE D TRS
[UEBRBEL, 7 DBREEN A 22355 TR TIE
ORBERBIRE 2B 5, 0%, RRFEELT
HERBE DN 1y b N—F EHWTTFRER
BErBEAZR L, 2D, 1500°0CEB L 5HE
BOELEL, ¥ —~< v NOx 234K T %5, 2h 5 i
XU, FREERREE T, ATE OMBERR IO S A RE
WAL T 2 B TFRAEIEY—ICRBETEX50DT,
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X3 AEBRBEIC X %Y —= v NOx #Iif o R

1500°CLA L O iR FER 37, ¥ —< )L NOx
BEEAEERLZVWEEZ NS,

3. BEMRBEZR DRFEIRN

A ORI K IG & RE D & DB X 5 K% —
BRIE 2 M A8 T m IR AR TR 13, 1971 i Wi-
liam C. Pfefferle 12 & - THFEHEN®, DISefig
BREESED A A 8 — B v AR E T 215808,
KEB L CEREZ P OCED SN TWwEY,
13 1989 F i fliE R BE 2R D BAFE BN M) & A5
THEAL T B0, 20k L OBREEY AT
LDMREI N, BT ED SN Tn5,
UTezoREFE LT, TERENARSI N
5 O FRME BN T 5,

B, INSEFETRATAERNREL TS,
3.1 KERHR-FFL——7 1 —HP 8RR

DORRFIRAC

KIRA AL, HES——7 18, EREFR
Ar & fkE T, 1500kW £ T a—Y %L —
varAAAY—Er~O#FEBEHIEL, ERfk
BIRBES AT LADORFEEED TS, K4 185
aDOEREE RS, MBS IL, TAARBLY
P 20 7% HH S PRRBEES, ERRRLR Ml 1o G 9
5 FIEEER, FRRGE 21T O KRGS, 225808 7 —
EVWRNANRAT B Z L X o TiE~ DR R



GTSJ 23—89 1995

A+ AR

Air
~300°C
V_BWJ
,'—’ turbme
Pre- - ? ; l
combustion q-}
fuel \ Bypath valve
f Combustion catalyst
Main fue!

4 RRBEdR DEEAHERL

(KIRA A =Ry — v —7 4 — = SRR

ZHRE L, [N CERHFC b Iz o THEAN OB/ %

o —FIRONA RRAEGFHIC L VRIS,

AT ORI, FINRZETFTHEIE & SBFE L
Tz EAE AR % F Vo, AR TR Rt X ¥ 2
ZEREHB, B, ¥ —E 2 ADEEIT 1100°CH
HEL LTE D, i3 1200°Cic EREMN 2 2 2
ERH 5,

LIS X7 A %RT, K3 fldhees:
2B B A OB IR E A O BBFIDR S
T3S, o A OENGEEME L, HOMEH
BRI ERET 2, 2D, B, MEEce
5 BRIERE O mWESBIEFE, %, K
JISVEMEIC S 2 DTEEDBE V= > VB F
TNE A — Ml ERCE L Tw3, &8, filglE (o
= L) Wb B BER IR 2 5 o0, ity
GEIL, BMEL2XRFT2RVY—v 274 (K
5 AL TWw3,

s OREARERIC X ZERE

K1 RBEAREE S 2 7 A
(KB A —BEEY — v — 7 4 — = 8I8HAT)

Kind of catalyst Cell number| Height
A | Precious metals-carrying 200cpi  |20mmX3
B| cordierite honeycomb
C
p | Mn substituted hexaaluminate 30 cpi  [20mmx2
ceramic honeycomb sintered
Eat 12001
F| Mn substituted hexaaluminatel 30 cpi | 20mmXx2
ceramic honeycomb sintered
G| at1300C
é §

220 mm DA % I 7o RBERR %, < e
Sk 8.5, EAAH 77160 kW @ Segment Catalysts

HAZ—EvicHEEL, 215 KH

DTG % L A0S = o

wWEINTWE, Zhick s,

RABEZNER 99% LA E, NOx HEHi B

@@'\ Segment Catalyst

B 40 ppm (0%0, #18) LUF, fil

PR 13T 1100°C 275, R
sEJBRRIF A%LIT T, s
T UBME RN T 7 Ty 7 i3FE
LTWwiwn, 28, NOx kDK
BRI TIRBER 5 FEL T B
EEZoND,

Section Diagram of Catalyst Holder

5 flgiEARN S

.

. Cordierite Ring

(KB4 R —BRPEY — > — 7 A — HEBIERAT)

— 56—
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3.2 v 9 F4H—HIPELETEOBERRK
;R(ﬂ ’

Catalytica Inc. & HHE &R T IIILFE T,
M6 Rt AHRSY —E L FHfEREES X 7 A DB
FHEEDTNDE, OV AT AIE, ALfME, H
i, AR —RREER D 3R THER SN S, fill
B TBICT BEZF KRR AZ LR TH
298, RAMCE L T, M CIISEeREER
Y, ZOTHIC, SHHBREERIGICLE L THER
BB o3 EMERY, T I TREMBEIE D
BZdhb, ZORFECINIE,

1. fEREER TN S -0, MEEEDE

TEIHTE %,
2. ORISR (ON= L) iib % 2EE
PERT X D,

3. ¥R —EVOERMMII S BEEAEETH %,
REDRDD 5,

RY AT AZEDABHERO—PIER 2 IITRT,

B - A

FYN—F, EE 76 mm, €& 200 mm OflfE s
AT b, TR CTHERL & L A /NBU D EABR
EEEZHWY, GEO MS901EHAY - DE
M EEEL CREEET> T, kb, Mgk
I S BIRAREEA L T 2, SBRORSE,
CO 8 XU UHC (GRERAEAZR) 1E 1ppm BT,
NOx IF 25~4 ppm (15% 0. #288) L 2D, ZD>
b, Ry 27 LB L UKAHE—REES» 5 D
NOx i3+ I ppm LT e EEI LT W 5,
3.3 JY—5—49—Er—THFILN—FDORFE
&5R(8)

Solar Turbines Inc. & Engelhard Corp.l33t[q]
T, IWMWkA Ry - E~O@EHA%HIEL,
B 7 1R T RBERE A F D T BRBERR DR
BHED T 5, BREESR 1T, TRRMREES, (M)
FRGH, MK, Toamif Y225, 8
U FRIRBERR I L DB S LB, 51T,
PRBEF 22 QA OERC A DHEA, SR ERTA > Y =

 Fuel Inlet Outlet Homogeneous z
g —J— — .
Air Stage Stage Combustlon=_>
e
: ; 0 : ; ;
M § N v v ———
- — —— :
5 |—— Surface - ,/_J"'"’“{' 4 T
g L 1 2 e —at [
é ! if [ V¥ " ' )
E 0 — : : :
= i Zz X * :
Tt — — :

6 flEEMRBES AT A (F+ T )T 44 —HITESETE)

%9 GE MS9001E # 2 ¥ — V> OESEEER I 317 2 KBRS E

(Fr ¥ VT 45— HPESBEILH)

Test Air Pressure Preheater Preburner Combustor  Catalyst 1ISO NOx cO UHC
point flow exit T exit T exit T AP @15%02
kg/s psia °C/°F °C/°F °C/°F % ppm ppm  ppm
Preburner only fired
1 0.46 113 313/595  762/1404  715/1319 3.65 112 ~2 ~2
Transition of fuel to catalyst
3 0.46 135 312/594 709/1308  894/1642 2.89 >3000 730
Base load operation (with preburner to supply minimum 450°C catalyst inlet temperature)
6 0.45 147 306/582 567/1053 1166/2131 2.44 24.6 <1 <1
19 0.51 175 361/682 456/852  1198/2189 1.79 14.5 <1 <1
20 0.54 180 400/752 458/856  1196/2185 2.17 4.2 <1 <1
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7 DFIGERIZ /N 1y MREI VY 2 7 5 Rk
Bah, MEEGRRERICEZET Sy 7540
HHaEN5,

AIRBERR DEER L, ETEHOARA Y=
7 5 2L, ARD50%1C LA U 72 S TRk
B LU ER 2 MEERANCHER T 2, B, oA
il A ¥z 7 FHEED/INA Ty hoN—FIFHAE
ng, BREERBREOR KGR CER NS, %
7z, Z OFFR T TRAMRBESR S T2 D 72012
BKEND, RIZ, BENOFHRES & AR A

ERDOBLS EHIE L 22 h3 5 50~100% & O
HEETI. B8, KON AEEOREH S
980°C~1090°C, filfiE te FRERBERS D 4 A IRSE D LR
X 1370°C T, fifiE TIERSRRBE L, AR TXR
FERRBE S 5 AR ERHAL TV 5,

Preheat Combustor Premixer

(Eight)
Inlet Control Valve Multi-point Venturi
<< Main Air
; "]

Catalyst Bed

A - W

B 8 123, E 10 cm O % F v 7z /N B
BEaRIC L 2 BB RVImE SN TBY, FHIK
E, BRBESSH A AR 1399°CT NOx 8ppm,
CO 22 ppm, UHC 4 ppm (£ T 15%0, #a),
ﬁﬁ%45%®%%ﬁ%6n1maﬂm&%ﬁ&
I 2ARD SiIC F 2 —7 % X RicHES L, ML
EMEOHLEEM> Tnw5b,

3.4 REBH-FZORRERR

RINEIE EBEEZ1C X 5 1300°C, 200 MW #%
EREIRBER D KT RBE RPN AR SN T w5,
BRIESR OB 2B 9 1R T, MRBESRIE, TIREE
B (Z1), FREEE (Z2), S (Z3), SR
BEER (Z4) BIUNANRZANVT RIS,
A 13 1000°CLA T TRER U, AR5 0 SRR EE

HTREMBES ¥ 2 HRTH 248, FROHR L
FL70 2 5%, > S o0

Fosecatalyst SRIRA A T R % T

| LTHRBES 32 LI h
DilutionAjr7 60 2&73?@@%%(‘: L/'/C

i3, PR b SARRSE

1R B T U I T &
%728, e DZL
NOEB LB L%
BETF 55, —H, NO

Lean Premixed Injector !
Main Fuel Manifold

and Injection Tubes

Preheat Combustor

Uncoupled
Catalyst Bed
Premixer
Multipoint/Ventur:
|
| S— /
—

Stabilizer

B8 HEVNEIREERS (VY —F— 55— —

Part Load Injector —:

7 MBS OEHR (V-7 —F—Er—x 5 n—F)

IV N—F) aE

x OEMZER < 72012,
fifiE 2 & DRMRAT A LB
gkl & ORE %+ 45
B 5 7z 121 SUERBE X &
LLRBLEERY, K
HRBERIC B VLT H 2 DXt
I NTWD,

10 1 BABRAS R & R
o B8, A IITELRE 450
mm O /NT Y7 AHE
INEHLATHWT WA,
CO 23 100~200 ppm &
HTEmwd oD, NOx
X 3 ppm BLUF i I &
nTns,

3.5 BAPRMFEA-
REPREH DRRIRIR

I, HWtoeRT & B

GRS [E] TEM L

tPart Load Fuel
Injector
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T3, 1300°C, 20 MW #gkgess % F v 72 5eik
MEENT 2o 11 ICRBER OREE 2R T, HABE
SR D Y N—F, PR & Al TR &
N2 6RKDOAEMEEL 7 X > b, 6 ROTFEE/

S - B

> N OWiHE, FRFES/ ANVOWHEEZRL T
%, ABREEBR DR & LTI,

1. filgiir v 7 A MET B LWL T,

WA L U T OEIEME LS B /N A KRR

MEBICHATE S &,

9. fhiEBREEY 7 X v b EFIRG S ANVERA
WEIB T 3 2 LT & o T, fillliE % 1000°CEAT
THEAL, UEREES A FIREG S A ZEN
LT, fER TSMHTEEREEITZ S C &

L)V, FIREREED (¥7 v 7R A T %
M), BXUNARZAVT THERINS, &
B, MIOEKOFOERD S _FIIAEREE 2 7 X

Fuel(F2) Fuel(F3) %Air £ 7o, WBHSHIT LT S v 7 ARy LT
| = Air(A3) L b ¥ OB A RS % R 5 DB
B;-pass wZo 2—’—0

vaive
To
turbine

3. BREERZKO—HBTRE  AVicai s
hzi-o, oS V. (ZHEEE) BLU
FEHEERELETS 2 & (MO RIGHM
BEEMTE5 L),

BENEZON D,

R

9 e oER GRmEN—HRZ)

15 onox 1200 12 12 KRR BR S I R T MRBESE I
12} 0CO. o0 E AU I300CORSET NOx 2 ppm (16%0:
£ (Measured values) & &), REERIRIZIZ 100% DN/ SN T WD,
g 9t : 1300 ~ &8, NOx BAESH TV N—F > 5FELT
- e wz,
e o, 200 E 4. S#omE
3+ ° e o0 _l100 © DLW U TRBERR Y AT A2 KAT 5 &,
8ogooO00 1. L CIEEREET 5 T,
' R245 44 9. T IXEREE L, ARSI ORRBER T

0 25 50 75 100
Load / %

10 HEEHE GRAEN—R2)

SHAEREET 5 5,
wAETES, 8512, RE2 OARICIIRRL R
NY) T —y g YDBRET 5, WINOARIZDW

e e T e e e

PREBURNER
IGNITER CATALYTIC
FUEL NOZZLE GOMBUSTOR AR F——— BYPASS VALVE
SEGMENT e CATALYST
1| MXER CATALYST  Eom Y
AIR \ PREMIXING
FUEL zzp -=—= _——:—_a-/,. L{./ A . NOZ2LE
\ n - %f \

FUEL T : = K COMBUS%ION

i ; ~

7T GAS e

¢

/
IGNITER i\l

" N \
U 1 D N = ' A ) N\
FUEL @z =T =="PREMIXING L}\IER
NOZZLE
DAMPER L 500
1

TRANSITION
PIECE
345 A-A
PREMIXED
COMBUSTION ZONE

[ unit = mm ]

11 PReess OB (A hReTeRT — BrEES)
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= 100 &

% 80r \D

e 6Of \\\

= (]

- 40t \

5 20f R\\

=< 0 ! L ! o)

T 2% =
él 0 NOx A A A A A 4100 =
— 20r A NOx(16%02) %
é O ¢ 2
- i~
s twof 47 o0 &
— I, 0 S
E sl AT 8
S - 3
= 1 L Y - — —1 » 80 §
2 L 900 1000 1100 1200 1300 S

Combustor Exit Gas Temp. (Tg) [°C]

12 Bkt (B bitser —BIvaE /)

-

Th, METFERAN—F 2 oFET 5 NOx OH)
FIFHETHY, TORHIEZ, X VERTEE
2T R OREAEVPEETDH 5,
g7z, M LRl 0AR WDV TR, fgEOH
FRBENEL %5 s, i OMNEFEFEE
BB L g wElEEOmS, B2 oKk ow
T, BHER Y AT ANXHLT & 2 FilEE ORESL
BREEBbid, E512, FRtCHz-> T,
R s & OMRBERR > R 7 A O RHAGEHEME O,
SHBRNELEZLND,
5. HEME
R EEE 2RI L e M A 2 vy, REEE,
PEA AL RESE IR ERLI N T WS, &
R & — v R IR ORKMTH Y,
ERbEZIhTwiEn, LarL, ek,
NOx # 0ppm WCIE DT B RT >y v v E2H LT
B0, SHOBEMOERSHFSN S,
BER
(1) %, BEIb¥E X UCTEWHEY, 57-10 (1989), p 949
(2) Decorso, S.M., Mumford, S., et al., ASME Journal
of Engineering for Power (1977-4), p 159
(3) Pfefferle, W. C., Belg. Pat.814, 752 (1974-11-8) and
U.S. Pat. 3,928,961 (1975-12-30), orig. filing 1971.
(4) + Pfefferle, W. C., Carrubba, R. V., et al., ASME

Paper No.75-WA/FU-1
» Anderson, D. N., Tacina, R. R. et al., NASA
TMX-71747, (1975-6)
» Blazowski, W. S. and Walsh, D. E., Combustion
Science and Technology, Vol.10, No.5/6 (1975)
« Krill, W. V., Kesselring, J. P. et al.,, ASME Paper
No.79-GT-188
« Fukuzawa, H., Ishihara, Y., Proceedings of a 4th
Workshop on Catalytic Combustion, EPA-600/
9-80-035 (1980-8), pp 349-364
e
(5) 7R, GTSJ, 16-64 (1989), 56
(6) Sadamori. H., Tanioka, T. and Matsuhisa, T., Proc.
International Workshop on Catalytic Combustion
(1994-4), p 158
(7) Dalla Betta, R. A., Schlatter, J. C., Shoji, T. et al,,
ASME Paper No0.94-GT-260
(8) Cowell, L.H., and Larkin, M.P., ASME Paper No.
94-GT-254
(9) Furuya,T., Sakaki, K., Furuse, Y et al., Proc. Inter-
national Workshop on Catalytic Combustion (1994-4)
p 162
10 Ozawa, Y., Fujii, T., Kikumoto, S. et al., Proc.
International Workshop on Catalytic Combustion
(1994-4) p 166

Download service for the GTSJ member of ID , via 216.73.216.204, 2025755/91.0 —



HRAY—EABEEEDKMTEIR

1. FAHE

T, BIRBEOEMPZELL, ZhiZfEns
BRBOBZLWZ TETWVE, Blchxy—t
v EHEBAEIKR £ T (LA HRSG & i0ah) 248
¥, BEEEPESI N, VYA IVRERES
v b AT C/C AT i) BRI
CEHEENTWES,

—%, ETHTo®7 v 7EHn, BEROR
ATREHAY —EVEEBERFEL, ZOHEY R E2RA
TOMBERZESWERL 77 vy #1RomEED
HoltHEREMREI I N Y N4 2 V7T b
(CUATHERERA C/C 75 >+ i) <, ZHiN
&t~7%ﬁkﬁ?%%%ﬁmﬁtbfﬁx&—
EVBERICLE Y Y IV A INVREST Y
UIFWC77/Fkﬁﬁ)%%§13hT%tO

4NO +4NH3+ 073 = 4Ny +6H0

6NO7 + 8NH3 — 7N+ 12H;0
NHy A%
N X NH3
®> Nox [€  O— nox
32 ¢ X NHy BiPH A
@ NOx ¢ O— NOx
L« M NH3

X1 7uxXADFEHE

N7 ay 7HNH E 8 ;"
) T A R 2

WFNRDTT v b EWERE(LR S L 7
EHRY—EVREHTS7:0 NOx BERLS
2 h, BREEA A DORECEE LEECET 3,

oM T, BREMHMEDOM2 S NOx #
HE > R AR bhs, IR b 3 a4E
REVELIIZ 2 2 ENERI N, HREEEIZK
1B 7o ADERFHERTER7 V=
7 EMRTTEER— X, IWEEOWEREEE
16, 2> %7 MEEICEHE A 2ol s Bz it
TIREPED SNT &z,

IR, oo 77y MR L - EE o0&
MDD TREEZ L ZIENT %,

2. C/CT5 > BREEE

X213, C/C 77> b FANMEEEDEARRKT %
AN I

C/ICTZ v HEER X, TAF—-—Erhs
DL AN 2D DT, HEE, HRSG WiZfL
BT 5, BENME IZMEOEEHHE & 72 2158

NH3

HRSG
K
K
Nk
k
)

weu 1)/ Smasm
B, S n

2 C/C 77> FBREER OREARR

——{ 8183 NOX D R HRIEATR |

— BAFZIERICHT 5 NOX BRHED & |

[ RICHMED HBEIC & 2 AERRENAE |

[ﬁﬁzgﬁzu

|——{HRSG £ D—HHLIFETI £ 53 > /Y7 FLiRE |

3 BRSERE O L BRI

(PR 7 5 3 B 25 BIRTE32AT)

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



GTS] 23—89 1995

aEEL, —MRICiE, FFEEHEOPHE 23R

ICRRET 2o

2.1 C/C73Z > | FRTHEEE OFF L & R
C/ICTF7 v Mk, HERODFABTERA 71 AU
Y2 AENE L, D, BRELEEE
7o DRI [N OEHA T2 RS H %,
C/C 77 v b FBEEERE 12 2 1 & OEdzicxt
BT 279, B3 KRTREOEFNEMERAL,
BRSO EB 77 > F BERLTwS, UTZ

NSOV TEHRT 3
(1)
EIBNS R

(e}

7 H ORENME IRt 2 HIF NOx o581

C/CFF v Mix, D> HOREM SR
PR o> T, EEIEE NOx O B IFEE 2

DE - O>

NOx

(ppm}
(02 16%)

i - W

B 413, BRAIMEEORER T & &8 NOx O
Yiav—varyFHlERT,

{56 IR U I8 U 7o ARIRYE M o BV it & £7 A
T 5 LA NHy; O%fTHEAY A4 S 7B
L, ZOBEARZERMAE DY, NOx OFEHE
Wioxt Usd#E b 25> Tw 3,

(2) BAFE RIS 5 NOx Bt

AR Y= BRO AR B IR 1T
7o, ZOEAERL 12BEDO £ — 27 NOx &
BIZEETH 2, :

B4 5 1%, BRAIAER O RGKREE B & BihE e as
ANOx ¥ S av—yari—¥%%2RT,

SRR B 2R S SR A vz ELBR U FE RS W /N S o i
AT % L4t NH, OLTEARA > M &
WEET 2 WX VRO Y —2 NOx Z2FE

80}
AONOxiBE
60
Y IXEANE
40L N
d N pERAA
204 N/ .
\ e O NOXGBSE
/___‘:..___.___.
% 30 80 30
NH3EA A (9)

EEIBED) NOX 131 (5 v b)

(¥IabL—-Y3>7F-%)

B4 BRARREEOWRIZFFM: & BT NOx Fik

HETH D,
§;—'
R
f ;/<7
R AN
B 3 '
%
i
|
WAIEE
100 260 360 ‘1('JO 500
RIGRE (°C)
RUIE D RS
20}
15k
RN
e N pEskan
8 1of Ny
NOx l \\‘
(ppm) . —_
(0216%) |mzz u\ .
st & Ias
[ ——
—BFfE] —
AU D RICRETERL

NH3

el

(Nm3/h)

OFE - 0>

NOx

(ppm)
(0216%)

100

0 L
AQ NOX IR,/ 547 50 — 100 %

40+

60

HO NOx i
4'0
B (%)
REZE{EF0 NOx 4512
(YTab—Y3>F—%)

3
00 20

60

5 PRAMBEORFER & B biF D NOx Rk

— 62 —

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



GTS] 23—89 1995 -

400 +

F2Eh

N, 51‘2‘5:

- Jx/ ? ‘
# NHyEAMERE/ 1
X i
B 2008 S
E GT A 100% ;&
("Q)
" I
BiAmtassfaEh

BT — BFER — K — R R —HiR S
0 (&N BE60—17967)
(#%F N 1335599)

— 85 0 - v
_ i . @ HFIEDFRILLAS
TS ~NEeEmED RIS — .
iR -1 @) FIERTHIAS

6 RS DEEAIAAGLE & B O SRR

KA hEk?,
T 1 6 3RS O BEMHLA A (18 & BRSO FiR
- é&] } - Kt ERd,
S8R DHLAANLE % 7K Fe 88 0 hif & L)
{| © - A LR OIS EH 2 5 B IO NOx {&
ﬂ/ WEEH->Twa,
e (4) HRSG & 0—@FfEEENC & 2 a > x7 ME
. L0 7 C/C 75> b BRERDEIRREARA 512t~k
B 7 PSR GRS ORCE H AR 2~3F L%z, HRSG & o—&1Lk
MEC L ARIBERO T VN Y MERSLET, K7
DOEELLUTIICHIFEIL Twv 2, WIS AR S D TR RO TR T ORE — B
() KIb#IEOME/IE & 2t RENSE L OREEESHEmcb 22 H#Az2E-> Twa,
A DIEM BT AR LV EEEI NG 129, 2.2 EEREEG
W I B GHEIES KIGBE CHFRT 2 00N ER L M8 i3, BEDT T MIBIT 3 AMELRED

BEZ{L (3% 5100%) (¥98 % /min) 50

ppm
ppm
m*N/h
o
o
1

@
o
[
-
1

<1100

()]
O
1
|
Mw

&3

4. K7 E
%

4011

20t ’ j -

ii;
K
L]
w
Q
RTHTH

. BEEACONOXREE (HIIE)
IEASHONOXIREE  (HIE)

2
3.

1.

0 80 160 2404
8 A LD NOx Kk

Download service for the GTSJ member of ID , via 216.73.216.204, 202_5/o§§.—



GTS] 23—89 199

B -

*£1 HREREC/ICT7 VDY AT A

BRIV F 9125 {E-I/V 9 I 5
#H [\ 4Y RA S ¥ok% AR
:/ HAz—~¥ HAG—Ew
2 ~ ~
a 773
4 AT AT
i
A%
wA 7

Bz

B AT AN S

P YL A
B9 HERBEREC/CF7 Y  VHEERY 1+~ K
Ry 7 A ST RIEEEE O AR

HEEEGITHAY —E VAR R 8%/5 TE
L 73BE&0OH O NOx Z2-d,

NH; O&TBEEEADY A 2 > 7 L BFEEA
EAEMBIF(ET A EICL VRO E—2 NOx #
T U REFRERBE/E S LT 5,

3. HERE®EI C/C 77 > | FRttEEERE

£ 113, iEERE C/C 77 > b DRER Y
AT LEBTRT,

X9 WEE Y A > PRy 7 2N AREEE O
BEARRME R T

HAZ—EVPoDHEH A% 7 —F —FTHH
TIFEERS Z R THRES 5 0o 2 /7K
WHELUBENCROB L WY AT ATHE, K
TERARER—ACHIFREC/C 77 VA
BRYSEE IC D W T EER T 2,

3.1 HEREME C/C 77> | FBRIEEERE DR

& B ARt

PSR C/C o> M, ¥ ARAY —E VD

A% RA T ORBEAZERE LTEHRT 22 05,
EERFC IR A 7 THRET L2ESE, BRI —F
VOMBEBICT Y F TR DD, HAY —
EVHEA A D—EENA NAEHT B T L BAH]
RTUTOFEEZWRT 2 LB D 5,

BEORBLRA THEHN A LAY —E UHEA

ARG T 5 T O BEEREA O A A RE ORE

K&,

« RA ZEINOx L4 X% —E ] NOx Wiz

Xt U 7 flehid A NH; A ZHIE2 N2,

IS OFREI LA L 7eBic DWW TLAT
b9 %,

(1) BEEEAON ABERENK

77 v NEBEIOEE, KA TN XAEF LR
52 o, RIDEHEEKEM OB T >N
VABEUZ OFRER L LU TR OFERERIC &
BEW - BHRICESL Z LB FHEEN 5,

FZOHfE s BRUT LV —RZEOESTRIX, M
10 42 7~ 9 B A B e 28 BT TE] OD AN 5 5 7 2 fek %2 R AIY
TELBEEHAL TV S,

DI &Y RIGEFEEM OENREZED
BA I50°CCREL BETH oI R X
ns,

(2) NH, HASLROUEE

NH,; @ AZFIHE I, HEX AR D NOx BICR
GolNH, B2HFEAT LI ETHDH, A7
HEH R R U A 7 — B v HEH R &%~ NH, ¥
AFRTREERPE I 5 & L big, RILE
AOoE)NVE (NH, /NOx D) #3535 %,

Download service for the GTSJ Member of ID , via 216.73.216.204, 202576?/@1.4 “



GTS] 23—89 1995

D2 o CEBHEEREEE T IR 2k 5,

INSIIET % e B ZEEH O NOx —&
B2 ~X—2 & L NH; EARFIEZT 22 &
WY, ERORA FHA AR NH; EAL
BCNH, BEEADHT RS —EVHEN X R & DHE
HARZRBEEY, ENVEOH—EFTE2HDTH
%, e AREHREEZR 11 1R T,
3.2 EEREREA

B 12 I3HERERSE 77 ~ NI B B EE)
R (74— A A — b (32hr#E1h)) OiFdx
EiEIE T,

KA T RKBRIZT > =7 EARBSRAELEOL

]
L i
/é\ g ~ Ank
/
/ \
\\ v fAusg
! . L~
\ /|
- -

i - - - m
10 &IGEEmEEER

100

S -

L, HEAR 10 #5 CEZRALD NOx (=HihEH
NOx) 2METT 2 Z L RS h, DG aRE
TORENIEEIC B W T b EIREHGI e T % REF
RREENESNTWS,

¥ 72, RIGER S OIREE 5340 b &E) /15 ER B
XU, BIERFORHERE (FRX—YE) 28D
TTFRENLBEZENCHD, KGRI+

WHERINLTWLIRRPB/ SN,

4, S/C 75> b FABGRHEE
4.1 S/C77 > BREEBNEERRK &5
B & VR F
1312 S/C 7T v s DEXRRTEET T,
Bk L 72 C/C 77 > b FRiREEEE 13 HRSG O
AR 300~400°C OBE THEH S 508, S/C
75 >~ b AR E 13 H9 500~600°C b O EIEE
BRI NS, /5T, S/C 7T b HliRgE

RE B G 25

/ BELAA-2R

e
/ .

B

11 BEERECER

80 -

ppm
ppm
m>N/h

60 +

7HE

40 i~

BEAONO x (HIE)
BREEHEONO x (8IE)

Bi7 €

20

2
3.
4

7200

MW

100

HRAB—EVHAD

1.

44
HRAE—E U &K R F—RK

B12 w7 x—ALAY— MEEDO NOx ¥t

Download service for the GTSJ member of ID , via 216.73.216.204, 255%50?



GTSJ 23—89 1995

BOfmE c ER s 2 ERFEE LTk
cBICHIE L CIHRINENE T Y E=T IR T 58
{LEEMENZ &,

« 500°C L EOBER T EWIiEMEERE T 5

Lo
c BIET TORBAREBY A 7 Vs 258,

AR, BREIOEMRICOMZES Z &,
FETUTIhs OBBICOWTEERT 5,

(1) 7ve=7 OB bEEHER

C/C 7> MIZT 3 300~400°C D iR FE
Tk, TR dBHERIGD AR D, HE
HAFONO WK vE=ZT7TRIGENTN, &
H,0 L izsfEd b,

L2 L, 500~600°C OB CITENRINCT
AR RT LI LB CATHE 7 =T DR
{LRISEBE T, 7€ =7 2SR s E3hE H
TERLRD, HEEENET T 2HENEL B,

FDID, ZORIGEWPIHTZ AL »HER
PimEfEBIFE O R A >~ M R B,

PRSI Jts: ANO + 4NHs + O2

> 4N2 + 6H20 .................................... (1)

NH; Bt )t 4 NHs+5 0.

— ANO & 6HQ cereveererrrrrenriiieiini, (2)

iRl
' (500~600°C)
NH3
i

HAY—Ev

B 13 S/C 77>+ FlimEEE OB R

BPERIG: ANO+4NH: +0;— 4Nz +6H20
[NH) BIERG : 4NHs +50:,— 4NO+6H:0|

1.0

A : 550

NH, Bkt ()

1 L]

PIERMIE e SRR
( 8447 2i18)
L mimasy—]

14 fEd> NH, B1{b

-

B 14 1%, BB D 550°C I BT A7 V=T
BEE DR R T,

bR A, TRESRAY R A, TR T iR Al
B, O3EOMERHKE LI bDTHEH, KR
B R AR AR ERIZ 7 V' = 7 OB LIEMESME {
BoTWwbIEewRLTWVn5,
(2) fildi: 0B IRE R ERER

& 15 i, SEAEOBRERELRT,

chyR it & SR AR Y OB R T % L, b
R T REEOC— 27 3 350°C T2 H B DI
S, EEAETIE5000C L E TEY — 27 BEE
BICBEIL T3, %72, REAERMAE IRk
RIENRANEE X 0, KN HEEELHI_E L T 3 23,
Z B il HAR D ETE M 2 E L 1c D A%
5%, TR L 7 T OBILER
KEMMARAALILICE B 3D TH 3,
(3) e iRk DR A

X 16 (XAl & SRS I3 2 SR T T
DA 2 FRIAER T, EEOPEY A A S
izt > TN OBUEMERE R R T,

HRRARE 1 550°C b OER T T, I < FEREHE
OEIETHEENKEETT 5, IFEICHE
DBHILC LB HDTH 5,

=AY (B R)
>/<A:\v<:\k

A
~

/ iRk (k)

NH: /NOx:1.2

0::14%
300 300 500 500
B OECC)

X 15 Fimifist oD e RS Ay

~

BRE
\)

=M (RR)| SRR
1. 0k—q.
~ * .“‘._—.”0\'*0/&_4_
|
ﬁ 0.5}
Ha hiRA IR - ,
4 SREE : 550°C
& NH:/NOx:1.2
0 A

0 i 2 3 4 5
EBFER] ()
P16  [BERHAIEE D F A A T A HERRERRS R

Download service for the GTSJ Mmember of ID , via 216.73.216.204, 2025%7/&.6 -



GTSJ 23—89 1995

—77, SRR 5 FEECB L ST A MET
broiimEmefERFL Tsh, BETTCORER
B A 7 N LB RE, RAMERZEE-> To
HZEERLTWVS,

%7z, WRAFRMECOWTH, BEChT:
RN ARG EREL, FEREORRAME & B8k
OREEL 2R T 2 & 2HEEL T 3,

4.2 EEREEG

F2BEETT > N OFHEEREERT,

BERE A NOx 1% 50ppm, 11 NOx X 20ppm
PUF, B IE 60% U EER->Tn3, 2o
SEDER S U NOBEEL TR

-

-2k () HoRwERiECThL 2 b
(E—2o7XiG & D & THREIER 10%1R5E)
BB THINE W &, 1345 H)
ENHTond,

B4 17 13 ERMER A OfE 2 R T,
B IGE 1E, B A Y —E U BEREEROBR
WEE LB ER OB AR ERAL Tn 3,
Al 3 RS EER & DR L, TEREE A B o fludt
BRrEEIETH5,

FRicHE A0SR TH D, LrdidsE - Sk

e I HEORERIETH B k. g
c BREEENK SN £, (8~12%/4) R T
\
_ l H
&2 FrEifA §| 4 S
M A AFSuk | BFSh Lo N
Al H (MW) 41.7 127 _4; B
X []
% | GT NOxxis% KESHAL [ENO x iR
t': R MEHR LNG L 8900 8800 6700
- 8 % 2 1 é D'
L | BAARE (W | 41580 | 1,201,500 A= IEE
a | BAREE (O 534 551 T 1T
g | AONOxX  (ppm) 50 % 50 % 5z O < s [
fﬁ HONO X (ppm) 20 % 20 % ( ://h
| mONH,  (opm 20 X 20 X Bt : m | 418
& 1 - =
XS (%) 60 60 ~ '
XEZ 0,1 6 %~—2 L
SRS 17 BB e
(ppm) (mN/h)
— FBO—
]0—,\& A7 TT7w7T LZ?-y?’ﬁ’"?‘J]
ot i » .
& & i | - AANO x 8K
Bl | il | A0 NH3 7 26 R R
LU LR ’
o] X XK
|0 O|R|j—
ZlzzZ| e~ e
gjga)x HANO xBRE
93~'<.HL20_ WANH;3 &F
0 10 20 30

{min)

fii)

18 NH; ZEA T v 7RO RS RE

Download service for the GTSJ member of 1D, via 216.73.216.204, 2025/07/04"



GTSJ 23—89 1995

DRBUSIRE LF « BT IS Bl Uz 2RI §
%7, RZIGEROFE IR EEE A2 > T
Wb, Hib,
c RIGARAW T S 7 M IZNERERIR AR & U Tz,
c EIRICE 5 3N DEALICIE, BIREEME AR
AL,
c B U ES TR I N SEOLCIL, B ORIAE
EEEALTW?3,
B 18 13, miRBAEERE O KGR E M O—F % R~
RS
HAY—EEf, ¥ARE, Wi AO NOx
BERP—FEICL, TYETHREEZATY T v
TWMIREAT v 77 UIREOIGEEEZT~T b
DTH5,

i -

ERAME OICEME X, FEAE S ETH
32 EDHERTE, £, FAY—EYDAEE
BREHFCHHONIGTE S 2 L OERTE 72,
5. SEDEIM

NOx HEDOREHF ISR ED —REBL VA
M B D FEERMEOM B2 TR L 77 > &
REMR VT TEEDIIE, T v o0HE
HNOx 22 5 ICERT 2 2 L BERI N E, —
i, ALY —Eri3EmaiEerEiE L ERbCH
DO NOx 3EMOERICH 5, 25 3B
HEED X & 7% 5 [ O BEM 2 B UEEE T,
X DENST > IO NOx ER T & 2 E8h=
Bt > A 7 A OFAF L BRI O RS D EE
Lixs9,

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



RECENT RESEARCH ON TURBOMACHINERY
-VKI TURBOMACHINERY DEPARTMENT (1)

FOREWORD

This text has been prepared using selected
topics presented at a seminar held in the Sanjou
Kaikan, the University of Tokyo in November
1994, under the JSPS sponsorship.

The items chosen have a relation to the
aerodynamic and thermal problems in gas tur-
bine components.

Four main lines are developed and illustrated
in the selection:
~the VKI has an important activity in heat
transfer studies for internal and external blade
cooling, using linear and annular geometries in
facilities of the isentropic compression tube
principle.

-the study of unsteady flow behavior at differ-
ent scales, on the blade surfaces, in the wakes,
of the rotating stall and surge type has been the
object of a constant effort.

-the development effort in instrumentation is
guided by the experimental investigations on
one side and pursued as a goal in itself, with
long term applications on the other side.

Emphasis is put on the code validation

aspects of the planned experiments.
-the recent numerical investigations are con-
centrated on the development of inverse
methods for two and three dimensional blade
design and on unsteady flow calculations for
interaction effects between rotating and sta-
tionary parts.

These research topics are carried out under
the supervision of Prof. C. Sieverding, Prof. R.
Van Den Braembussche, Prof. T. Arts and the

author. Their continuous effort is especially

(FER 7 48 3 H 30 HIFRE32AT)

F. A. E. Breugelmans

acknowledged.

The sponsorship of JSPS and the hosting of
University of Tokyo during the October
-November 1994 period are gratefully acknow-
ledged.

1. HEAT TRANSFER.

The development of efficient turbine cooling
mechanisms is today an indispensable part of
modern aero-engine turbine design. From the
thermodynamic point of view, the performance
increases with cycle operating temperatures to
higher specific output and increased cycle effi-
ciency. The level of turbine entry temperature
nowadays ranges between 1500 and 1800 K.
These temperatures are mainly limited by the
thermal characteristics of blade, endwall and
disk material. One classical way to overcome
this limitation is the use of various cooling
techniques to maintain the temperature of the
different components and therefore their life-
times within acceptable limits.

The heat transfer studies cover the internal
cooling passages with rectilinear and sharp
curved channels using the liquid crystal tech-
nique. The external heat transfer around tur-
bine blades is studied in rectilinear two dimen-
sional cascade models and three dimensional
annular cascade configurations. The nozzle-
rotor combination is in preparation. Full simu-
lation of the thermodynamic and aerodynamic
parameters can be performed in two isentropic
compression tube facilities.

I.a. Aero-thermal optimization of Convective
Cooling Channels

The present work contributes to a better
understanding of one of these cooling mecha-
nisms, namely the internal forced convection
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cooling. The research is focused onto rectilin-
ear channels, whose internal geometry is alter-
ed by the introduction of ribs, used as turbu-
lence enhancers. A correct Reynolds number
similarity is maintained. The aerodynamic
investigation is performed with the help of
Laser Wire

Anemometry and Static Pressure Taps, while

Doppler Velocimetry, Hot
the Wall Temperature and Convective Heat
Transfer distributions are obtained by means of
a stationary Liquid Crystal method.

Local aerodynamic measurements of the
velocity field, turbulence quantities, Reynolds
stresses, shear stresses and turbulence intensity
and static pressure distribution on the walls are
performed to provide a better description of
this type of flowfield. A Reynolds number
similarity is maintained by keeping Re=35000
to 65000.
addition, roughened with ribs, or turbulence

The straight channel walls are, in

enhancers, in order to increase the convective
heat transfer levels. The influence of different
rib configurations, namely, pitch to height ratio
(p/e=6, 8, 9, 10, 11, 12, 14, 16), rib height to
hydraulic diameter ratio (e/Dh=0.1, 0.05 and
special shaped obstacles), the angle of attack of
the rib to the main stream flow (30, 45, 60, 90
deg) and the variation of the Reynolds number
on the flowfield (between 35000 and 65000) is
investigated by means of hot wire anemometry
with different probes and by means of surface
static pressure taps. The aerodynamic results
are compared to the literature and a good
agreement was found. This investigation led
not only to a detailed characterization of the
different flow features but also to the valida-
tion of measurement techniques and data reduc-

tion procedures as applied to high turbulence

intensity flowfields.

The local isotherms are quantified by means
of liquid crystal thermometry; it makes use of a
liquid crystal solution, sharp bandpass optical
filters, a B/W CCD camera and an image pro-

e - W

cessor. As the investigation is conducted with a
constant heat flux boundary condition, wall
temperatures are directly linked to the heat
transfer coefficients. Attention is also paid to
the pressure drop induced by the turbulence
promoters. Effect of the following geometrical
parameters are considered: pitch to riblet
height and riblet inclination angle. Two addi-
tional configurations are also investigated with
respect to heat transfer enhancement and pres-
sure drop, namely 45 deg shaped ribs with
rectangular and trapezoidal cross section and
45 deg broken ribs (alternate positioning or
“herringbone” configuration). This investiga-
tion leads to the conclusion that the highest
overall heat transfer rate is obtained for 45 deg
V-shaped ribs (in the shape of the letter V)
opposed to the flow direction whereas the best
thermal to hydraulic performance is obtained
for 45 deg broken ribs opposed to the flow
direction.

In addition, a careful interpretation of the
heat transfer coefficient isolines in conjunction
with aerodynamic results in the channel will
help to understand the important parameters
for appropriate turbulence models and help for
the validation of computer codes.

The Nusselt number and pressure distribu-
tion in between inclined ribs are shown as
example for the aerodynamic and thermal
investigation of the multiple geometrical con-
figurations. Important enhancement of the heat
transfer is observed (figure 1. a) for square ribs
at a Reynolds number of 35000.
dynamics of inclined ribs in a V-shape forma-

The aero-

tion does indicate strong vortical motion with
large radial velocity components.
I.b. Aerodynamics and Heat transfer of sharp
angle return flow channels
The complete channel of the “serpentine”
type shows a series of sharp bends. This effect
is investigated in a two channel model.
Velocity and turbulent normal stress mea-
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A

Ribbed wall Nu/Nuo distribution
for 60deg rib

Ribbed wall P,,,;. distribution
inclination

(P/e=10, square ribs, Re=35 000)

Fig. 1.a Rectilinear cooling channel. Nusselt number and static pressure distribution.

-0.6 -0.2

Fig. l.a’

surements were made in a two passage return
flow channel at a Reynolds number of 35000
using a two component LDV, Fiber Flow Sys-
tem on loan from Dantec. The processed data
gave a detailed map of characteristic flow fea-
tures in this type of channel. The study is
extended to different Reynolds numbers and
geometrical configurations which are altered
by the introduction of ribs as turbulence enhan-
cers. Guidelines for the location and geometry
of these ribs were gained from a parametric
aerodynamic and thermal study on ribs in a

straight square channel.

‘ (m/sec)

0.2 0.6 1

Rectilinear cooling channel. Near wall radial velocity component (v).

The development of a new on-line post
processing algorithm for the X-hot wire signals
and the development of a new rotated slanted
hot wire probe was necessary. The X-hot wire
probe and the rotated slanted hot wire probe
are validated with LDV measurements in the
These

LDV measurements for different rib configura-

return flow channel equiped with ribs.

tions of special interest and additional surface
pressure scans will conclude the aerodynamic
investigation. The heat transfer coefficients
are determined by means of a stationary liquid

crystal method. The heat transfer measure-
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NUSSELT NUMBER DISTRIBUTION (Re = 18000)

BOTTOM WALL

Fig. 1.b Sharp angle return channel. Nusselt number distribution.
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Extension of separation bubble close to bottom wall and in midsection
(Presented at AGARD 73rd FDP Symposium on Wall Interference and Flow Field
Measurements in Brussels, Oct. 1993)

Fig. 1.b’

ment on the bottom as well on the side walls of
the straight and return flow channel complete
the thermal investigation.

The careful interpretation of the heat trans-
fer coefficient isolines in conjunction with the
aerodynamic results in the return flow channel
will help to understand the important parame-
ters for appropriate turbulence models and will
be available for the validation of computer
codes.

The flow separation in the 90 degree return
channel is illustrated by the velocity field near
the bottom wall section and the modified Nus-
selt number distribution on the bottom wall of
the liquid crystal covered channel is shown
(figure 1. b).

Sharp angle return channel. Aerodynamics.

I.c. Aero-Thermal Performance of a Two-
Dimensional Film-Cooled High Pressure
Turbine Nozzle Guide Vane

This research program finds its motivation in
the development of a reliable and accurate test
case for the validation of numerical solvers
used for turbomachinery inviscid and viscous
flow computations. It is a direct follow-up of
the work on the aero-thermal characteristics of

a highly-loaded transonic turbine guide vane

mounted in a linear cascade arrangement. This

investigation was performed in 1994 on an
uncooled blade. The blade performance is
based on velocity, convective heat transfer,
losses and angular deviation measurements.

These measurements were performed in the

Isentropic Compression Tube Facility CT2.

This wind tunnel correctly simulates the free-

stream Mach and Reynolds numbers as well as

72
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Fig. 1.c Turbine nozzle blade. Film cooling on pressure and suction side.

the gas-to-wall temperature ratio. A number of
researchers used this VKI test case in the
validation procedure of their inviscid and vis-
cous flow solvers.

The aim of the present effort was to add the
effect of film cooling to the already investigat-
ed flow parameters. Two independent film-
cooling configurations were implemented, two
staggered rows of circular holes were drilled on
the suction side and two other rows on the
pressure side. A complete test program has
been planned to quantify in great details the
aero-thermal performance of this cooled linear
blade row from Schlieren flow visualizations,
blade velocity and convective heat transfer
distributions, downstream loss and deviation
profiles.

The different parameters of this investiga-
tion are the upstream turbulence intensity, the
mainstream Reynolds and Mach numbers, the
coolant mass flow and temperature. The figure
1. ¢ presents the heat transfer distributions
obtained along the blade surface, suction and
pressure side, for different film coolant mass
flow rates varying from 0407 to 1.179 at
The Reynolds

number is two million and outlet Mach number

nominal freestream conditions.

0.9. The reference case at no film cooling is
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represented by the curves NC.
I1.d. Three Dimensional Heat Transfer and
Aerodynamic Characteristics of a Tran-

sonic Nozzle Guide vane
This research program was carried out as an
extensive collaboration between Industry and
VKI to determine the aerodynamic and heat
transfer characteristics of annular HP turbine
nozzles and endwalls. The tested geometry was
selected to be representative of modern aero-
dynamic designs and considered to be a general
demonstration test case. This flow was by
definition three-dimensional and the viscous
effects in the endwall region considerably aug-
The

blade velocity distributions were obtained from

mented the three-dimensional character.
local static pressure measurements along
blades and endwalls, whilst heat transfer evolu-
tions were determined with the help of platinum
More than

500 measurement points were distributed along

thin film used in a transient mode.

7 sections of the airfoil, as well as along the
inner and outer platforms. Upstream gas tem-
perature, pressure and turbulence intensity as
well as downstream loss and deviation profiles
were determined. Subsonic and transonic flow
regimes were considered. More than 1100 runs
were performed with this model and extensive
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Fig. 1.d Full turbine stage model for heat transfer studies.

comparisons were also made with a 3D Navier-

Stokes solver. This facility is currently being

equipped with a nozzle-rotor combination for

unsteady heat transfer studies and the layout is

presented in figure 1. d.

II. MEASUREMENT TECHNIQUES

The experimental research requires a perma-
nent development of techniques for special
applications. A selection of different tech-
niques is presented.

II.a. Assessment of the Cold Wire Resistance
Thermometer for High Speed Turboma-
chinery Applications :

The work is part of a BRITE-EURAM tur-
bine research project “Wake Blade Interference
in Transonic HP Turbines” involving seven
European Aircraft Engine Manufacturers and
five Research Institutes and Universities. The
investigation of the unsteady effects induced by
guide vane wakes interfering with the down-
stream rotor requires, among other quantities,
the measurement of the unsteady total gas
temperature at rotor inlet and exit. The tem-
perature probe must be able to resolve periodic
temperature variations of the order of 4 to 6

kHz.

The feasibility study of the cold wire resis-
tance thermometer for this type of application
started in 1993 and was completed during the
last year.

The experimental work continued with an
investigation of the transfer function of various
probes differing by their wire diameter, the
length-to-diameter ratio and the wire-prong
connection using two simple methods (1) electri-
cal heating of the wire by a sinewave current
and (2) a temperature step test consisting of
injecting the probe into a hot air stream. The
first test provides information on the wire
response whereas the second serves to study
wire-prong heat conduction effects.

The theoretical work consisted of the compli-
cated heat transfer functions describing both
the prong and the frequency response of the
wire.

The following conclusions can be drawn:
-The investigation demonstrated that the cold
wire resistance thermometry technique is- of
potential interest for time-resolved tempera-

ture measurements in turbomachines with

74 —
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blade frequencies of several kHz. Although the
natural frequency bandwidth of the smallest
commercially available platinum platedtung-
sten wire of 2.5 micron hardly exceeds 2 kHz,
adequate compensation systems allow to treat
temperature signals of frequencies three times
as high as the cut-off frequency.
-The accuracy of the measurements depends to
a large extent on the accurate determination of
the prong-wire transfer function over the entire
frequency domain. The transfer function can
adequately be described by a numerical system
based on N first order schemes. This method
lends itself for numerical compensation.
-A probe with a wire diameter of 2.5 micron
and 0.4 mm active length (prong-to-prong) was
successfully tested in a rotating model test rig
at peripheral speeds up to 200 m/s (5000 rpm).
The temperature profile of a stationary hot air
jet traversed by the probe could be reconstruct-
ed with reasonable accuracy at jet passing
frequencies up to 6 kHz.

This technique is illustrated by the recon-
structed temperature trace in figure 2. a.

4600 Hz
L T T
1.0 K I
H A jl
Iy \ \/\" -—— Recorded signal
4 ‘! -- - — Jel lemperalure profile
0.8 ill | — - Reconsliicled signal -
g f \
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Time (mns)
Measured and reconstructed (through numerical
compensation) temperature profile
Fig. 2.a Cold wire resistance thermometer. Fre-

quency response.
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II.b. Hot Wire Anemometry Applied to High
Turbulence Flow Fields

For many years the hot wire technique has
been one of the only methods available for
accurate aerodynamic measurements of veloc-
ity and turbulence statistics in flow fields with
moderate levels of turbulence. The restriction
to these moderate levels of turbulence is princi-
pally due to the incapacity of the hot wire
technique to resolve the sign of the flow vector.
The accuracy of the technique is mainly bound-
ed by the intrusive character of the probe, the
spatial extension of the probe volume and the
post-processing technique of the signals. The
flow inside the cooling channel is very turbulent
and that problem stimulated this investigation.

The present method combines the use of a
classical hot wire response equation (e. g. the
Kings law) with the direct processing of the hot
wire signals into instantaneous velocity compo-
nents. Based on one side on measurements in a
low turbulence flow and on the other side on a
statistical approach on the orientation of the
three-dimensional flow vector in a flow of
various turbulence intensities, a semi empirical
error analysis was developed. It is based on the
assumptions that the statistical distribution of
the velocity components is Gaussian, the turbu-
lence field is isotropic and the cross correla-
tions are set to zero.

Measurements were performed in a rectilin-
ear channel with a square cross-section (Dh=
100mm), Turbulent flow conditions were
simulated (Re=235000) and high turbulence
intensities were generated by installing one
forward/backward facing step along one of the
walls. The turbulence intensities as a function
of the distance from the wall obtained by means
of a X-hot wire and the results obtained from a
2-D Laser Doppler system agree remarkably

well.
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II.c. Development of a Laser Sheet Probe for
the Study of Internal Flows

The study of internal flows can be improved
by the use of an optical measurement technique
such as Laser Doppler Velocimetry (LDV) or
Particle Image Velocimetry (PIV). But in most
of the applications, a double optical access is
required to implement these methods because it
is necessary to illuminate the flow field in one
direction whereas the information has to be
recorded in another direction. It is not always
possible to make a second window for technical
reasons. Therefore, to cope with this problem,
especially in the frame of the PIV measurement
in a compressor rotor, a probe enabling to
introduce a laser beam inside the facility was
designed, based on ideas proposed by Oxford
University. The incident laser beam is deflect-
ed by two prisms and goes through a cylindrical
negative lens which forms the light sheet.

There is no constraint associated to the loca-
tion of the laser device because the inlet prism
can be rotated and remains at a constant dis-
tance from the casing on which it is fixed. The
use of such a probe does not affect the non-
intrusive characteristic of the measurement
technique because it can be implemented away
from the field of interest. The optical head can
be translated and rotated so as to modify easily
the position of the measurement field. Initial
PIV pictures have been recorded in a jet using
The next
application will be PIV in an axial compressor

the probe to check its reliability.

rotor. By introducing the laser sheet parallel to
the blade stagger direction, the shadow region
close to the pressure side will be reduced. In the
previous set-up, the laser sheet path was paral-
lel to the facility axis which prevented the light
sheet from illuminating the pressure side
region. This method should allow us to make a
slice by slice flowfield investigation over the

compressor rotor blade height.

A - B

II.d. Development and Application of 3-D PIV
in Turbomachinery Fiows

The progress in the understanding of the
aerodynamics in turbomachines depends heav-
ily on detailed 3-D flow field measurements.
To date these investigations rely mainly on
pointwise measurements with either pressure
probes or laser velocimetry, both techniques
requiring often extremely long testing time.
Compared to optical methods the use of pres-
sure probes has the additional disadvantage of
inducing strong blockage effects in transonic
flow fields.
intrusive 3-D PIV techniques for quantitative

The development of the non-

measurements of all instantaneous velocities in
one plane is therefore of great interest.

The 3-D measurement system proposed for
this project is based on holographic PIV. A
double pulse laser sheet in the seeded flow is
recorded on a hologram. The particle displace-
ments in the reconstructed image are measured
with correlation techniques and the stereo-
scopic analysis of the image gives the three
velocity components.

A small blow-down wind tunnel with a well-
controlled seeding system has been constructed
for the development of the technique. A simple
flow condition is created in the outlet duct.
Different hologram configurations are evaluat-
ed to record the small seed particles. Particular
attention is made to the scattering angle of the
particles as well as the observation angles of
the analysis. Experiments with the laser sheet
parallel and perpendicular to the hologram
show that the latter configuration (using for-
ward scattering) is more promising. Elemen-
tary analyses of holograms have been made.
The analysis step has to be automated and
optimised to scan the laser sheet plane as fast
as possible. Necessary corrections for the
image deformation and aberrations are to be
applied.

(REIZHEL)
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About 10 km away from Brussel, along the
motorway towards the south to Waterloo, a

-

historical battle field, there is located the von
Karman Institute (VKI), a world-famous insti-
tute for fluid dynamics. It is an international
non-profit scientific organization which was
established in 1956 under the auspices of
AGARD and with the

Theodore von Karman whom anyone having

leadership of Dr.

studied fluid dynamics knows of. It is not only
the Mecca for research speciality in fundamen-
tal and applied fluid dynamics, but is also
dedicated to postgraduate teaching for students
including industrial experts from international
though mostly Western countries. Many of the
GTSJ members might have been visited there.

Professor Breugelmans himself is a graduate
of VKI, and since his joining in 1963 he has been
dedicating to researches in turbomachinery, for
instance, flow design of compressors and tur-
bines, unsteady phenomena and viscous effects
in cascade blades and relating advanced mea-
surement technologies. Now he is leading that
department, as well as in charge of deputy
director for the development and harmony of
VKI organization.

Fortunately we have an honor to host him
while he could manage to find time to be a
visiting professor under the sponsorship of
JSPS from the end of September for two
months last year (1994). He has actively visited
universities, national institutes and companies
belonging to GTS]J to communicate deeply with
new and old research scientists and engineers.

The present article is based upon the mate-
rials from his lecture at the evening seminar
held at Sanjou Kaikan of the University of
Tokyo just before he left for home. It has been
arranged for suiting to the interest of GTS]J
journal, giving a very good and important infor-
mation, in a digested way, of the intentions and
achievements of the recent VKI activities in
turbomachinery.

(Introduction by Prof. Nagashima)
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ABSTRACT

The seven-year
“Research & Development of Automotive
Ceramic Gas Turbine Engine (CGT Program)”,
which is conducted by Petroleum Energy Cen-
ter, began in 1990 with the object of demonstrat-
ing the advantageous potentials of ceramic gas
turbines for automotive use. Engine demonstra-
tion project in this program is being adressed
by Japan Automobile Research Institute, Inc.

program, designated

team.

The basic engine is a 100 kW, single-shaft
regenerative engine having turbine inlet tem-
perature of 1350°C and rotor speed of 110,000
rpm.

This paper mainly describes the activities
during the fourth year of the program. The
engine components were experimentally
evaluated and improved in the individual and
various assembly test rigs, and an assembly test
including rotating and stationary components,
was performed under the condition of turbine
inlet temperature of 1200°C.
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Abstract

At first, this paper examined strain

controlled low cycle fatigue (LCF) and fatigue-
creep interaction (FCI) life for superalloys, for
examle, single crystal, directionally solidified
and conventional cast superalloys of gas tur-
bine blade and vane.

And a frequency-modified total strain energy
parameter, obtained from total tensile strain
energy and tensile loading time, for evaluating
failure life of these Ni and Co based superalloys
under LCF and FCI conditions was proposed.

Next, it was shown that temperature and
stress-strain behavior for air cooled-blade and
vane of gas turbine in the survice condition.
Then it was descrived that the utility of life
prediction technique was evaluated using
frequency-modified total strain energy parame-
ter for air cooled-blade and vane of gas turbine.
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ABSTRACT

The designing method of the ceramic turbine
wheel and the aluminum impeller which meet
the recent demands for enhancing the turbine
efficiency and the supercharging by increasing
rotational speed is described. To determine
their optimum configurations which posses high
strength without deteriorating their ability in
fluid-dynamics, it is necessary in designing
process to estimate the wheel strength on the
basis of the actual strength which varies at
each segmenﬁs of the component. To this end,
the new technique has been developed which
makes it possible to locate the fracture origin
by means of taking a picture at the fracture
moment of the wheel or impeller rotating in
high speed by utilizing fractoemission as the
trigger of flash bulb. The turbocharger
designed in this new method will contribute to
the improvement of fuel economy and the
reduction of soot emission in diesel engine.
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ABSTRACT

The influence of impeller geometry on the
relative flow field has been studied by means of
three dimensional EULER code. Investigated
geometric parameters were shroud/hub meridi-
onal contour, splitter blade geometry at the

splitter leading edge portion and circumferen-

Effects of these

parameters on the impeller flow field were

tial location of splitter blade.

examined by varing one parameter at a time
while the other parameters were fixed. And it
turned out that sudden change of the impeller
inlet relative velocities at shroud/hub could be
reduced by appropriate shroud/hub contour
modifications, and that relative flow field at the
splitter leading edge and subsequent flow field
could be improved by setting direction of the
leading edge of the splitter blade towards the
suction side of the main blade and by locating
the splitter blade nearer to the suction side of
the main blade.
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1. &EMRETOBE
1. MEHERZERDOFEHFHICOWT
(1) 19940 H A ¥ —E > R OB O 4
FHCcBEL, METERONE R OEH 2TV =
YERR U ARBWiBHE L 72, 2 OfETIE% 3 Bulletin
CHEEHT L2 FETH 5,

2. 194 FEHR Y — K EERET
2.1 BEMAHTFRAI—EY
(1) MBEEIZITECHERTH YR TH > 1223,
ST 36%WINE % VD ETEE DAL o B O
I BE U T2 B0l 5 SEROER & L T,
REFIWIEERICH S L2 B,

AINEL (735 KW LATF) WEBIBHIEL LA LR
bo TR, H7E 14%EA Ui,

Rl (22,060 kW BAT) 13E%, HL bicHE
FHEEML 72,

RENIETFICHAT, B80T 43%, H1717T 40%
EBIHEEmML 7o,
(2) RZEINCAD L, HETIT 8% MNIEREHFKE
T, BT 68% %R~ 00— FREBHANSLED
Tw3, I5RKREOY—7o— FFEREZMZ
&, EERAEPBRSFKEERPEITIT6%ICEL
726

JEHEAORAIZFEEL hEK, HTE b KB
WAL 7208, KELHH, BfE besEmL 27
W, FEHOSHTBEIEL VML 72,

FEE RN, SRR b cEA L, AET12%
HIJ7T 24% WK & 7% - 7z, ‘
(3) BB OREEREELSE T, & ARE DR
AT B - KRB OSSN X 058 L %o

CFEC 7 85 A 11 HIERZAD)
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RAT A« KTIHAS 42 20 < 15« 13%, KB TIZRAR
HRAIRAEKIRA A+ SO AN ADBFNFI 47+
44 < 4% DEIE TR > T 3,

(4) WAMIHFTI1Z, BN IZEH CHiEL
5.3%W D 391 & THE DWW HHIL - 7253, e
REDFEEDENL 12728, H7EEiIELRD T
S 72,

EWFENT OB, SECIRBIE & hiE T 2
Te SR TIHIZIZEE S 2 D, BT TiEhEs (30%
¥) R E U TR L 4% E 5o T, R
FETIE 13% A U208, H7 i3 8 o
D e o7, RBEIXEE, Bk b
FELIZIZECTH - 1208, HiBgBIz 4 % &R,
FUNHIRD, HER, TSR 72,

B R EERD 17%, &HID 49%TH - 7z,
RIAELECIXA S, Hi7 & b I3RS & KR miE
Lo HBATR7? 7 BTLBEIEIE] X% <,
68%% LTz, BETIZ, FROKDZ L DIk
EIR == RO
(5) WEREMEMAI T I g TLFERBEIC, FE
PIFEAERED MUY TH- T, HHEBKAITS
B, HI1E H560% &35 KIBRENERL 72,
KR Z7HLBERBETELFRICTH - 7203, HH
BRI 3. TR b ko T,

(6) K5 WARTHIIRSIINEEE T3 PS AT,
200, 500, 1,000, 6,000, 14,000, 22,000,

30,000, 60,000 TRYI->TWwizds, S, 5 L
kW BN TERTZ2IEELE, ZPLIAET
DT =8 L —EBW2ELE 2 oICHIciET 2
D,

BEDE WIEIZ, 736—4,412, 368—735, 147—
367 kW THIE L Eb > TR WL, —F, Hn%
WIBTIE 44,130 kW L ED by 73 E D & W0
23, 2&H X 22,065—44,129 kW 23518 U CHi4E
LREDLY 736—4,412kW D27 5 2 % FE|- 12,
(7) RERAIAY—CURHEELEBLTHS
L, HEMTEEEOSEN (11 &/870 MW — 20
/1,720 MW) L 72, HERFAHTIZEMX (386 &5/540
MW — 344 5/380 MW) 13384 L 7253, B (29
B/70 MW — 61 %5/95 MW) 138U 72, @&t
X, BEPELEAERUTHS Iz b b 5,
HJT T R O RB OB X 37% 08
Loz,

' M

2.2 MERAHIFRI—E>

(1) —RYzv b NI —RT77> I3,
BIAEIZEEANBETIZ 5% L 7228, HEFTIZIF &
A EZAC R o Tz BEOEINZY —7 v b -
Fo—CHAo/NMNEZ Y TIM3 L2350
THY, T-APEHRERHOBH Y > F—
3¢, F-15EBBHEOKH#EII > Y > F100 D
BEIIAIFELRICTHZ, ZBF100 =Y Vi
SEDHR» ST RTDEEC (F¥ormyyy
HIHEE) XD F100—220E 5> Tw 3,
2) —R¥*7 IRy F vy
X, BET 34%W, GEFHHSIT 419%8 & HiFEIC5]
EFEKRELSEBIAATIS, 1992 s & HE 3 F£0D
WY Thb, HBIEEREH T > 3BT
33%W, VAT —HrrYrpEL L 27%
W, BEIEREBEHT Y 28 60% 3 & BB TR
THAYL TR, RHITDY—RK7ay
T56 (P—3CX¥EMEBEEH) OEHBA KA X
U,

(3) SHEEFREAREZ Y TH B V25005 —
RT7 7« 2P rD7 7 8 (HAHEYESS)
X, 70 BEEI N, 1988 FE DL FERFBLISED REF
X491 B0z, THIZZ Y Y Y DML TIER
Wiz®, HEFEFHENCIIMZ Thizen,
A=KV y N I—RT77>, KUY —R
Yy 7 N/ F—RTFOY S e IO
90~93 FEOMET IR Y BB -2 D T, HEtEE
(94 FRR) DIFFERSIc 2B ETIEL 12,

3. 1994 FEERa A ERET

(1) FEINTVI2EABERELD b 31D
LI119EETH - 72,

2) a>rFvyyEHEHNE 100 mm LT OEHE
B4 ESBUIRTELR 7 %588 72,

(3 aryFryyEENE 101 mm DL E O 4 E
EEUIETELLR 3 %L 7228, 75 AFIcH 3
EHILTWADIZZIRA2DHET, 77 A 3B
FOEGFHIETELR 14% A L Tw 3,

(f%%)
(1) BE (1~12H) AT AT —E>
F TR R R E U,
(2) HAOKRURT A N DERRAEIZ, ADZEE%
% 101.3 kPa (1.013 bar), B 15°CE L7z,

—114—
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2. BEMBHRS—E>

&

#1 194FEARANEESHROCHN (kW)
K 43 Size |/NE]  Small Unit | %) Medium Unit | A2 Large Unit| £ H 77
0~735kW 736~22,064kW | 22,065kW~ Total

i % |a-r &K mop |a%| @ op |a%] & o# |a%| w op
Application Code | Units | Output(kW) | Units | OQutput(kW) | Units | Output(k W) | Units | OQutput(k W)
Soan - FRE BL | 1 430 | 86 | 183,982 | 25 |2,334,790| 112 |2,519,202
enerator Drive for Base Load
v—2ru— NFEEM
Generator Drive for Peak Load PL 0 0 0 0 5 682,650 5 682,650
7w A EM | 215 | 81,156 | 105 | 186,884 | 0 0| 320 | 268,040
Generator Drive for Emergency
i it 5] :
Merchant Marine M 0 0 2 41,180 0 0 2 41,180
S T MM | 0 0 | 15| 199,125 | o 0| 15| 199,125
ilitary Marine
Fofhro v AFH .
Miscellaneous Chemical Process PR 0 0 1 12,316 0 0 1 12,316
x o =mA Xp | 7 18| 0 0 o 0o 7 18
Xperiment
1\7 @ fi MC 11 2,472 0 0 0 0| 11 2,472
iscellaneous

A =

= Total ot 234 | 84,076 | 209 | 623,487 | 30 }3,017,440| 473 |3,725,003

4 1994FERZBIEEGEEE (%)
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GTSJ 2389 1995 P
1994FERBL BIEEEBE R UHE ST (kW)
X 43 Size |/ Small Unit | H9BY  Medium Unit [ A% Large Unit] 4 H 5
0~T735kW | 736~22,064kW | 22,065k W~ Total
WOoE & 8 a—-F B8 B f1 (B8 E H | B%|l H h | B% H OH
Kind of Fuel Code | Units | Output(kW) | Units | Qutput(kW) | Units | Output(k W) | Units | Output(k W)
ﬁiﬁfﬁaﬁml as ILNG | 0 0] o 0 | 10 |1,334,900| 10 |1,334,900
wibaEmT A
Liquefied Petroleum Gas LPG 0 0 8 4,500 0 0 3 4,500
AR GNG | 0 0 | 60| 94,235 | 15 |1,416,150| 75 |1,510,385
o | FETZ S PATAA ) Gog | 1 430 | 1| 5,970 | 1| 40,000 3| 46,400
A
ﬁ geﬁlaflgé‘;s(ﬁm GME | 0 0l o0 ol 1| 35000 1| 35000
Gaseous [ N
Fuel | 70 LALA GRF | 0 0| o 0| 1| 128,250 1| 128,250
z O”p;;egfs A GPR | 0 0 1| 4100/ o 0o 1 4,100
ﬁifféi GTW | o 0| 15| 46,377 o ol 15| 46,377
gt
L. 1 430 | 80| 155,182 | 28 |2.954,300| 109 |3,109,912
gmef T | 78| 24,978 | 25| 80,455 | 0 0| 103 | 105,433
W | K | 16| 4,660 | 20| 262,185 | 0 0| 45| 266,845
K
ﬁ Za;:ia LN | o 0ol o0 ol 2| 63140 2| 63,140
Liquid ;
Fuel %ﬁ;gmi H1 | 139 | 54,009 | 75| 125,665 | 0 0| 214 | 179,674
gfrma] 233 | 83,647 | 129 | 468,305 | 2 | 63,140| 364 | 615,092
I =
g it 234 | 84,077 | 209 | 623,487 | 30 |3.017.440| 473 |3.725,004
ENS 1pG 0.6 LN
. 1.7
GTW 1.2
Gaseous
Fuel
23.0
bR 27 2R
Liquid Fuel Gaseous
Fuel
83.5
LPG 0.1
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3 1994FEHIEFIA S B R OHS (kW)
X 4% Size |/NBU  Small Unit| Hh%  Medium Unit | A& Large Unit| = H 1
0~T735kW | 736~22,064kW | 22,065kW~ Total
oo B B OH N | BB B N BB N |B% Y H
Location Units | Output(kW) [ Units | Output(kW)| Units | Output(k W) | Units | Output(kW)
it ¥ H
o 1| 4,058 | 7| 18,19 | 1 40,000 19 | 62,257
¥t
o 19| 6,38 | 6| 8397 | 0 ol 25| 14,765
F{g Ll 90 | 31,224 | 55| 128,455 | 1 | 35,000 146 | 194,679
antoh
H R
o b 44| 17,342 | 19| 39,503 | 3 | 470,200 66| 527,045
> %
. 29| 11,560 | 31| 68,996 | 4 | 619,900\ 64 | 700,456
i
B Crgore 12 4126 | 2| 1,683 | 1| 128.250| 15| 134,059
g |
LN = 2 841 | 1 883 | 0 o| 3 1,724
v fh M 231 6,95 | 5| 5.006]| 0 ol 28| 11,911
yuushuu
g’f{. 2 3| 1,053 | 1| 50970 o0 ol 4 7.023
nnawa
ff‘ﬁg_ﬂ% . 0 0 | 16| 224,860 | 0 0| 16| 224,860
arine Propulsion
ff}ﬁ.*@%... 0 0| 5| 25,445 | 0 0| 5| 25445
Marine Auxiliaries
’SJ\ it 233 | 83,477 | 148 | 527,397 | 10 |1,293,350| 391 |1,904,224
ub Total
it /S
A 0 0 | 50| 78,000 | o0 ol 50| 78,000
H o oK
South and Central America 0 0 0 0 0 0 0 0
i Zsia’ 7 1 600 | 2| 3,000 | 16 |1,210,090| 19 |1.213.690
Hi X I 0 ol o 0l o ol o 0
ceania
I’E[ /_’ M
L 0 0| 9| 1500 | 0 0l 9| 15,090
i Europe
For ||H v
Export Former Soviet Union 0 0 0 0 0 0 0 0
R 0 0l o0 0| 4| 514,000 4| 514,000
Middle East ’ ’
7Y%
Jaa 0 0 o 0o o ol 0 0
PS E
A ok 0 0] o 0] o0 ol o 0
N E '
& 1 600 | 61| 96,090 | 20 |1,724,090! 82 |1,820,780
ub Total
Pas = 5
T el it 234 | 84,077 | 209 | 623,487 | 30 [3,017,440| 473 |3,725,004
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4 1949FEHEEFERBIEES B RS (kW)
K 4} Size |[/NEU  Small Unit| 95U Medium Unit [ A%  Large Unit| = H 77
0~735kW 736~22,064kW | 22,065kW~ Total
W OER B OB R a—F | B8 h |BE| B O (B H Oh |BE H oA
Driven Machinery Code | Units | Output(kW) | Units | Output(k W) | Units | Output(kW) | Units | Output(k W)
" OB G |208]| 82,373 | 191 | 385,553 | 30 |3,017.440| 449 |3,485,366
Electric Generator
I PRR | 0 0 | 13| 214,508 | o o| 13| 214,518
Propeller
A W 7 2,462 3 10,342 0 0] 10 12,804
Water Pump
2 SR ac | o 0| 1| 12,316 0 ol 1| 12,316
Air Compressor
a Total at 235 | 84,835 | 208 | 622,729 30 13,017,440| 473 3,725,004
PRR Z.Z‘LC 0.2
W 2.1 )
G 94.9
X8  1994FHEEXEI R L ESBES (%) 29 1994w EXENEEHE DEIE (%)

1

x5 19UEHNIKXDBIEERHEROCHA W)
B o K 4 (kW) =F 4 Hoh
Unit Output Units | Output (kW)
0~ 146 19 829
S/J\ HU?'_% 147~ 367 100 24,718
mall Units 368~ 735 115 58,530
0~735k W -
/N Bt Sub Total 234 84,077
736~ 4,412 186 321,691
BoA 4,413~10,296 7 43,017
%ﬂgdmm Units 10,297~16,180 8 109,159
~ 16,181~22,064 8 149,62
22,064kW _ 620
/AN 2 Sub Total 209 623,487
% m 22,065~44,129 10 357,640
Large Units 44,130~ 20 | 2,659,800
22,065k W~ /N EfF Sub Total 30 3,017,440
& £t Total 473 3,725,004
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56 190MESENY A5 — L IRAEELGHLOHS (kW)
, X 4> size| /AU Small Unit | B Medium Unit j(ﬁg Large Unit LU Towm
FEER  Generator Drive 0~735kW | 736~22,064kW | 22,065kW~
H i a—F | BH| H H | B Mol B8 B | B o7
Application Code Units | Output (kW) Units | Output (kW) Units | OQutput (kW) Units | Output (kW)
~N—2o—F5EA | BL 0 0o o 0| 9 [1,253,350] 9 |1,253,350
% v—so—F5EM | PL 0 0l o 0] o 0] 0 0
% FEE M EHR| EM 0 0 0 0 0 0] o0 0
pomestie/punlc the b s rom | O 0] o 0| 9 |1,253,350| 9 [1,253,350
~N—2o—F5EM | BL 1 430 | 27 | 87,192 | 1 | 40,000| 29 | 127,622
g s 0— RRE PL 0 0 o 0] o 0| o 0
B |3k % M % % M | EM | 214 | 80,556 | 101 | 167,868 | 0 0| 315 | 248,424
pomesti/prvae the St qu o | 215 | 80,986 | 128 | 255,060 | 1 40,000| 344 | 376,046
EIPNAEF  Domestic Use Total 215 | 80,986 | 128 | 255,060 | 10 |1,203,350| 353 |1,629,396
# | N—AD—FREH | BL 0 0o o 0 | 15 [1,041,440| 15 |1,041,440
% ¥—zuo—K5EM | PL 0 0 o0 0| 5 | 682,650 5| 682,650
M % B %%&M| EM 0 0 0 0| 0 o 0 0
o Bpen heble b N 0o o0 0 | 20 |1,724,090| 20 1,724,090
# | ~—Av—F#EH | BL 0 0 | 59| 93,090 | 0 0| 59 | 93,090
:E; v—7o—FEBM | PL 0 0ol o 0] o 0l 0 0
3% M %% M| EM 1 600 | 1| 1,000 | 0 o] 2 1,600
or Bpertprase U1 St et | ] 600 | 60 | 94,090 | 0 0| 61| 94,690
Wi &Er  For Export Total 1 600 60 | 94,090 | 20 |[1,724,090| 81 |1,818,780
g | STRE-FEEM | BL 0 0o o 0| 24 [2,294,790| 24 |2,294,790
% | v—so—FxEM | PL 0 0] o 0] 5 | 682,650 5| 682,650
H FE AR EM| EM 0 0 0 0 0 0| 0 0
et e 0ol o 0| 29 |2,977,440| 29 |2,977,440
g | N—AB—KREA | BL 1 430 | 86 | 180,282 | 1 | 40,000| 88 | 220,712
K| v—ru—FRER | PL 0 01 o0 0] o 0l o0 0
Bl g2 msmm| EM | 215 81,15 | 102 | 168,868 | 0 0| 317 | 250,024
N 1 ot | 216 | 81,586 | 188 | 349,150 | 1 |  40,000| 405 | 470,736
7 &F Grand Tota 216 | 81,586 | 188 | 349,150 | 30 [3,017,440| 434 |3,448,176

Note : Code Explanation

BL : for Base Load

PL : for Peak Load
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3. MZERAAFRY—E> 4, &K
KT 194FE Y —RY 2y N I—RT7 7y e VY 9 1994FHIGHEAR BEG B U
VEERBRKROAT A (kN) X 5y Sice
L I 3
‘ — ——— H #m | B s
EEBE 97+ AT A bEEH 9 611 Class Eﬁ%aiﬁﬁgﬂ_ No. of Units No. of Models
No. of Units Thrust (kN) ’ pressor Impeller
*1 V25007 7 Vi (T0&) REZHV, Class 1 0~ 100 L. 743,365 o1
Excluding 70 Units of V2500 Fan Modules Class 2 101~ 200 12,158 21
%2 WELHEEALS 2 Class 3 201~ 300 877 14
Maximum Thrust at Sea Level Static Condition Class 4 301~ 400 260 7
Class 5 401~ 500 98 2
£8 19M4FESY—Ry ¥ 7/ F—K Ty Class 6 501~ 600 128 5
IV UAERBAUCE S (KW) Class 7 601~ 700 136 6
Size Total Output Class 9 801~ 900 34 3
Jiz| i B | B | BB e Class 10 901~1,000 0 0
Application Units Output Units | Output | Units [ Output = = > -
= B Total 13,691 58
BB 0 0 | 8| 26,037 | 8| 26,07 —
Fixed Wing Aircraft gﬂj‘%ﬁi\:*iﬁ 1
~V a7y H 0 0 53 71.668 53 71.668 No. of Companies which supplied Data
Helicopter ’ s
¥4 BARwIFhibHfRs—ErRchHs,
ﬁ?ﬁf %Efﬁ 24 1,075 0 0 24 1,075 Every model is an exhaust turbine type supercharger.
~ = * 5 EHERSEHAZI00mm 28T 0 ERT,
= Total B 24 1,075 61 97,705 85 98,780 The figure shows total number of superchargers over 100mm
in impeller diameter.

* 3 EEEFLEERES
Normal Output at Sea Level Static Condition

* 6 JENMEHEEESNEI00mE BT ER T,
The figure shows the total number of superchargers
over 100mm in impeller diameter.

107
1ri43,365 D EERE No. of Units
10° .
#AH No. of Models
10° [

104

103

102

10

0-100

-200  -300 -400 -500

-600

=700

*6
_J 12,158 13ﬁ91
877
‘ 260
H 98 128 ]1_3_6] 119
21 |
14 .
. 7
2
: |

-800  -900

EAAREEHEAME  (mm)

QOutside Diameter of Compressor Impeller

10 19945 udia i e 5 B UL
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TEEEZ - BaW

AELOFHELB L UEERSY, £35 4 A2lHOWEROBHIEES
BB s,

1A% 2 EFFR AR ERIAEE 6 PSR E 1 TI0883053 & v v h, 7T
BOHRI &Y KHEHENHERICLY, BESED SN, TFHEE~D
HEE 8 &, BERRBHEMULTRIENRIIT 5 Z EBEE Sz, F19
BHEEEEEWE, AHCKREREDORER K O EFENTobh, b &R
nize 28, BRECOVTEIFEHEY, ZSHEBRESC L 2BEEBERST
PEBC L VME SN, ROTHESBHBRERBRICHEL 2 L AR
iz
F20{B1EFHEES IR BI04 &L v B CH»h, FREOHE
CEVEE—BENBERICED, BRESED Shz, B, HEEREY,
BERBHENGCTFHREELSVRIIT L ZEBHEE S, UTOBRRDES
WThabhiz, $hbb, F0HEE, F0MWBEEE, F20HFEEZ LD
FBEZRECHES & & O IH0NFER - BERSER A CHE TS C
Loz,
7 RNHEERGS I, FHIEE ) LG0T 2 Bk — L CHIES Rz,

20 mioEELEOMARE O, FAEFBEHECREL, BEIED SN

720 FREANOHEE28F, BERIBHE2LE (SAKL790401/500 1)
TEBSDORIIBET 3N, UTOBEOEE®MTRbN, T4 b
B, FIOMEzERY, AP ERE O &, /IO BRE (L) =
BB L UOAMEERE (MBEHEY) BRIOHESH D, KFS i, %
Fo, WL INHHREIZOWT IR, FHUEY, SHEEREEOBA DL
B U THIETH 2 EVRPERL VBE Iz, DWT, B0 ERTE
DOEFZAFEED BRI N, F0FEE - EEREFERLIIETHES L
Joo TODHELEEBHEB O XBEHEE I VHESHY, FUEEE, &
PEGESZHEA LT3 2 ENEBEENT,

FOMREREII L ) SRCENEBESRE SN0, EH, ELO
FIHAR LD, BE SMTEoBREBZhZhARS T, Lk, F0EE
DEINEPBEDTCH 20, UTOBEIED SNz, £3°, BEORT
o EEHERAMT b, F20HEEHE, REFECEL, TRBER%
() BE, FARAERE (MEHRY) HE (WThH520H) Lo
BBy, HEED ER i,

Bl & E, BEBRELEOHSE SN, BRERICE0MEEOFELERE L
VHSOREYDY, BEFKRT L
BECFOTRESEREREZSE M Tebh, FIUEEE, SMELE
CEIEHASE X VHEER L ESRSEE I R, JhICEL TEILER
F LD BEEBRA LN, 28, AEAERFATREO Y, A&, #
EREESAMEREINRL Z L BT,

CSB19HA (PRI 6 ) BERE

1. #EBIHT 25H
1.1 #&E - -FFAE
1.2 &% - FHREOESE
1A - HB ORE I ERFEISR, $16%, MRIZE20%,
o2k, B35, Bk, H25%&, FWFRTLI VTN,
. SEAECEET 2 8 ESE
2.1 HHES
2R - BlEEMIsE (N, MBS 54, MEEN 64, HEH
W 74), FfEIH,
SHMEE, FHRSEE, F1OTHRE WS, F1OPHEEMIC
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