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Heat Transfer Coefficient Measurements on a Turbine Nozzle
Using Liquid Crystals
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Abstract

In the design of the recent gas turbine cooling blade, it is important to get accurate heat transfer coef-

ficient distribution over the whole airfoil surface. This paper presents a measurement technique of
heat transfer coefficients on three-dimensionally complex surfaces, in which thermochromic liquid crys-
tals (TLC) are utilized to determine temperature values and TLC tristimulus values (RGB). This tech-

nique was applied to a gas turbine nozzle surface in a low-speed semi-annular cascade with Reynolds
number of 1.6 10° and turbulence intensity of 2.1%. The results agreed well with those measured by

thermocouples and proved its validity.
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Abstract

We have been studying about the new power generation systems for CO. recovering based on com-
bined cycle named Hydrogen Decomposed Turbine Systems,”HYDET. In these systems the natural
gas is reformed and hydrogen is decomposed simultaneously from reforming gas by using membrane
reformer which composed of both the reforming catalyst and the hydrogen separation membrane. The
residual gas including CH, and CO is combusted at the after burner with pure oxygen, and high con-
centration CO. is exhausted directly. These systems apply the high temperature inorganic hydrogen
separation membrane such as multi-layers porous ceramic membrane. HYDET System I has the mem-
brane reformer at combustion chamber. The performance of System I reaches 50% HHV at the send-

ing end by the effect of recupering gas turbine cycle. CO. recovery will depend upon permeability of
the membrane, theoretically it will be 100%. And by using CO. liquefaction equipment of LNG cold
heat exchanger, liquid CO, will be recovered with extra high efficiency. To apply these systems, key
technology is the development of the high temperature inorganic hydrogen separation membrane.
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F1 KESERMY —V UREY AT LEBWEIGE

1 2 3 4 5 6 7 8 9 10 11 12
ING | NG+ | P-G | RG | Air | H,0+ | H,O+ | H,0+ | CO,+ | CO+ | CO+ | LCO,

Temp. | -169 | 500 | 500 | 500 | 15 | 1428 | 569 | 95 | 1107 | 875 | 130 | -50

Press. | 50. | 47. 16. | 46. | 1.02 | 154 | 1.1 | 1.03 | 442 | 6.0 | 53 | 49

Mass. | 152 | 753 | 162 | 618 | 600 | 504 | 6162 | 613.1 | 67.0 | 67.0 | 67.0 | 409
CH, | 095 | 0.95 - 0.06 - - - - - - - -
H, - - 348 | 0.07 - - - - - - - -
co - - - 0.01 - - - - - - - -
H,0 - 333 | 031 | 125 | 0.04 | 3.82 | 382 | 3.05 | 145 | 1.45 | 145 -

Co, - - 002 | 0.86 - 002 | 002 | 002 | 093 | 093 | 093 | 093
NyAr | - - 0.10 - 164 | 135 | 165 | 16.5 - - ; -
0, - - - - 437 | 1.81 | 2.63 | 2.63 - - - -
Heat | 847.9 | 1074. | 1065. | 1762 | 1.8 [ 109. | 567.7 | 223. | 177.4 [ 135.7 | 73.6 -

P-G (Permeated Gas), R-G (Residual Gas), Temp (°C), Press (10° Pa), Mass flow. (kg/sec), Gas flow (kmol/sec)

Steam/Carbon Ratio 3.5 Comp. Power 220.6
Hydrogen Separation Ratio 0.98 Gas Turbine Power 549.0
H,/CO; Separation Ratio 40 CO; Turbine Power 41.2
H,/CO Separation Ratio 40 Steam Turbine Power 59.1
Gas Turbine Combustor Temp. 1430 Generator-end Power 426.5
Gas Turbine Press. Ratio 15 Auxiliary Power 13.7
SH/RH Steam Temp. 540 Sending-end Power 412.8
HP St D . 176
.S cam Drum Press Generator-end Efficiency 50.4%
Reforming Steam Drum Press. 29.4 i .
Auxiliary Ratio 32%
LP Steam Drum Press. 1.5 Send d Effici 48.8%
Generator Efficiency 0.985 ending-en ielency o

Units: Temp (°C), Press (10° Pa), Heat flow and Power (MW)
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Abstract

We have been studying about the new power generation systems for CO, recovering based on a com-

bined cycle named Hydrogen Decomposed Turbine Systems,”HYDET. In these systems the natural

gas Is reformed and hydrogen is decomposed simultaneously from reforming gas by using membrane

reformer which composed of both the reforming catalyst and the hydrogen separation membrane. HY-

DET System II has the membrane reformer in the heat recovery steam generator. In this system, gas

turbine exhaust heat can be used for both reforming reaction and production of steam. The net effi-

ciency, therefore, becomes over 50% HHYV, which is higher than that of System L. CO. recovery ratio

depends upon selectivity of the membrane and the cost will be affected by the permeability of mem-

brane. To apply these systems, key technology is the development of the high temperature inorganic

hydrogen separation membrane.
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1 2 3 4 5 6 7 8 9 10 11 12

ING | NG+ | P-G | R-G | Air |HO+ |H0+ | HO+ | CO#+ | CO#+ |CO#+ |LCO,

Temp. | -169 | 480 | 480 480 15 1428 | 564 95 1267 | 875 130 -50

Press. | 50. 47. 16. 46. 102 | 154 1.1 103 | 442 | 6.0 53 49

Mass. | 125 | 618 | 132 | 508 | 600. | 504. | 6131 | 613.1 | 568 | 568 | 568 | 332
CH, | 078 | 0.78 . 0.08 - - - - - - - -
H, - - | 275 | 006 - ; ; - - - . ;
co - - - 0.01 - - - - - - - .

H,0 - 273 | 026 | 107 | 004 | 304 | 305 | 305 | 129 | 129 | 1.29

Co, - - 0.02 | 0.68 - 002 | 002 | 002 | 076 | 076 | 076 | 0.76
N, Ar - - 0.08 - 164 | 1348 | 165 | 165 - - - -
0, - - - - 437 | 22 | 302 | 302 - - - -
Heat | 695.7 | 878.8 | 8402 | 169.5 | 1.8 | 1038. | 5204 | 1751 | 1751 | 1306 | 65.1 -

P-G (Permeated Gas), R-G (Residual Gas), Temp (‘C), Press (10° Pa), Mass flow. (kg/s ), Gas flow (kmol/s)
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Steam/Carbon Ratio
Hydrogen Separation Ratio
H,/CO, Separation Ratio
H,/CO Separation Ratio

Gas Turbine Press. Ratio
LH Steam Temp.

LP Steam Drum Press.
Generator Efficiency

Gas Turbine Combustor Temp.

Reforming Steam Drum Press.

3.5 Comp. Power 223.2
0.98 Gas Turbine Power 537.2
40 CO;Turbine Power 39.8
40 Steam Turbine Power 155
1430 Generator-end Power 363.7
15 Auxiliary Power 14.1
29.4 Sending-end Power 349.6
11755 Generator-end Efficiency 52.3%
0.985 A‘uxﬂlary Ratlf) 3.9%

Sending-end Efficiency 50.2%

Units: Temp (°C), Press (10° Pa), Heat flow and Power (MW)
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Flow Behavior in the Dump Diffuser of Gas Turbine Combustor
— Effects of Inclined Wall in a Sudden Expansion Region —

Abstract
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YAMAZAKI Eiichi SHIZAWA Takaaki

Z N7 =R A

HONAMI Shinji

The cold flow experiments are made in a two-dimensional dump diffuser. Flow behavior over a flame

dome head and its reattachment to the inclined wall are presented, when a distorted flow is provided
at the diffuser inlet. A Laser-Doppler Velocimeter is used for the velocity measurements. The effect of

two types of inclined wall in a sudden expansion region on the diffuser performance are clarified.

Throat area between inclined wall and flame dome head is the dominant parameter affecting both the

total pressure loss and the distribution characteristics of the flow rate into the branched channels.
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1998 24 X 4 — E > RUBISHE RS

A —Y rgEtERERRs (BEBREAR, B%
Bo%) &, BRSHOWIIEZFETI998FE 1 Ars 12
AORIZBITAH A —¥ ¥ ROBEGHEO L PERT % R
- HEEL, EESEIER R L. BRRME, B
AR - iZonTIZ 134, MERAT A I —V¥
T A, BEEIT 4K L 2. BRI T
RS — o HRDY—RFr—V v ThY, HEWERSE
WX BLDTIE RV,

1. 1998 SEREEMAH R 7 — E £ ERETBIE

(1) REBUIRTEICI AN - R - KRIAS5 T
L, $RELT56% OKRIEHME Zo7e DA
ek, N - A - RECRTEL 37% DHINE %2 o
YA

N (735 kW BLF) 3B EVHIAE & T 72%
DORMELR¥EME L, Wb 53% omErLZ, 2
DERIZ, 146 kW LT ORBHZETH S 5kW 7 5 A
DOHREFIEM AR PRELERZHED TV,

WAl (736~22,064 kW) 12 E 825 35%, thd 10%
Bl 7z,

KE (22,065 kW LA L) 135808 30%, Hhd 40%
WL 7z,

(2) HEBlICHADE, BETIE73% MPIFEHREEH
WTIiE92% HR—Au— FREATH 5, Zhid
BEELIZIZFLTH S,

IEEHIIITE I HARER T 52%, WHT74% &3
IZHEMLTw3, ZORRIIHEETH LHIARED, 4
EDOTHNIZKR 2o TWAEZDTHY, KFHEEX—HD
PFHZEE, oS CIRITE L WL Twi
Vi /NRL REITHARD &S T/RID 46% WL
TWaOWZR L, i 64% o3, WHTix, A
BAT51% OWIMLTWADIZR L, AL 89% DK
MR E 2o TH Y, NEX Y FROBEMNAHILD,
IHEHOBIMINERE L 2L HOREE ko7,

(3) BMEBOMFENAEEHTIE, BIEID 55% 8L
TV 3hY, REQREFEEEICHT B H AREEEE
i, RTEELEL BV D ODOHRAKBRE OB 62%
WL 7279, BiFEOHIE L LREERHICBITSE
BT 3.6% DRI L %o lz0 WABREARIZEN
T, WAL KR A R 13 260% 30 L 7= 4, 81 A4 A

BRSA 199946 B 18 H

HAY—¥ UHeHERER A

1,30% DAL e o720 BEIBLRVEOOWLA
MAADVEREERTIGE o7 TAMATIE, /5
FELHRPETIIED L b OO KRE OB E)
KEWD, &KL LT26% D& % 572785, i
RIREL DR LTV B 7250, BREFERIC BT 2 7 28R
BT, BiEOE L X6, 2% B L 81%
ol MHEKROWERTIZ, BALKRAT ADHIE
FEizxt L 215% OKIEW L 572 2 LR TH 5,
BARBB O ERE SR, B4 S LT 62% L,
KTHAS 75%, BEMAS 2.3 4%, il 1 FEDHT36% & i
KIERBEME %2> TWvb, BEEERICBWTIE, FiE
DERFHILER L B L, MWD 7.4%, KTMD%2.3% B
L, EMm1MEIZ6.5% AL, F7HPEREL,
o Cld, BEITTXTHEMLA2720, FiFEL 2
frlip ol HARCEAROBREFE A EAHILER S
ZWIEIZIEARS &, NEICIZEM 1R - B - ATl
50+ 28+22% k72 ) AL CIXEIN 1 FE - KT - B
A48 19 - 15%, KM TRBALKBR A X « F 74 -
KTIMAS 66 - 17 - 10% OEIEG & o 2o —H M HE
WZBWTIE, ANEICIEEM 1 FE - AT - Byt 67
25+ 8%, WRICIZEM 1/ - Bl - AL RRFT A D
35+ 24+ 17%, KEVCIZWALRKRA R - 4T - 7%
BENEFNEGL -8 4% DEE L o7,

(4) EAMFIZEET, JI4E L H56% #0591 &5 T,
KUBBEHN L 7228, Whnsmig, ARTHY, HHTRS
ERBDBABRKE BB, 21% OB &
otz REINFIELER, GHT6HEM, HWHT
568 MW iR A L7 B TI2MWHZ 2 DD
HT688MW R L7-OFKRELBIEDOHKELE
CRFDORERE oo 720 PRUIHEIF & HREHKTIE
52 BDWINTH oA TIE 27T MW (6%) D
I F o720 HEBHIZIE, BREABHTIZ A, I
I 8IMW, A& TEHEE 14 &, 27 MW O HEnas
Hiio. AMLZE 167 AN, W) T55% ¥
ERFICEBBAHIE L R 73% ORISR > T
BYOBEETHLI G, HHTO 27 BOHINDHD,
i, BB L72& ) I25kW 7 5 2O KIERBE NS
FEERTH Y, FOKEIIR- BT THALERLT
KD, WHIZRERD 4.9%, B0 67% %
G, MEIVERTIR 1A (48%) ok, Bl
T 2,015 MW (211%) O E 7o 720 HEITIE,
EIZATEE IR A TH 525, KECRIER (HET 209%,
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AT 212% DM L b, KON, ko
BMoize AL2H0Tw5S, wWHfEENTIE, 7
VTHEETEEEB LTy FT2ET A, BT
R RATHIAEL 41% o¥mE L by 72 57z, £
7z, AENZ, B, KM 255G L. ke L
T3, BEUIHIE & X 59% #0622 &, Hi)1E 36%
D 5,669 MW ThH - 7zo i th O KB OB NA345 H
DEETH S,

(5) BEEREIFEMEBICIE ST TLRBIC, A%, bk
DRBENPITIEAEEED, 9T% Tholzo K5I
RTHAXG TR, BELRREZ)ARY S 2 (0~
735kW) KIRHMAPRE. @HOLVIETIE, 736~
4,412 kW, 147~367 kW, 368~735kW, HHDZ%w
NE T 1% 44,130 kW LL &, 22,065~44, 129 kW, 736~
4,412 kW & % D Bi4ERE & RS R & e o 72

(6) HERAFNAY —ErOBEKEBD%HLELLET S
L, EEMATIRENA3E 1, 681 MW—10 &1, 270
MW) 254 L7zd oo, il (10 5.71,598 MW—
17R./3,541 MW) A K O TRIEZ ¥ &
% ofze HRHATIIEMW (330 5./474 MW—480 &
448 MW), #ilh (11 & /214 MW—14 & ,/284 MW)
TH Y ENOBEMIMAZ TR TH ) I TikiE s
A ATV, BETIZEMAEM (364 B—521
A) L, FCHHBEEAKRBOMINC L Y BHEETD
B (3,966 MW—5,543 MW) L7,

2. 1998 AN A4 —E L4 EHEFHE

(1) #—=RVxy v/ F—=K77¥ Y%, BidE
IZHARTHEEHTH 0% WA L, At TIEH
10% ML 72 BHOWIIEy -7y b Fa—->r
HAOMNETI LY DY TIM3 OB X 555, KiEH
IV THHFI00-220E > YV EHAE T
mL7zZ2 &, AEHEINIHIML T 5,

(2) F—KY X7/ y—=KTay 7 I3, #
FEICHRTEFEHTH 7% B L, a3t cizm
30% WA L7z BRI OB BB BT EREh H o> /N
F—=RI X7 b VTV UPWEAIEICLBD, K
MhxroroTsexnry Iy GHEWEMAEP-3C
B8 OEENRETRT L2z, Gty
LTwa,

(3) 5 WEEFAPEBZL Yy THB V25005 —K7 7
VeI D77 v (BAELIRG) 1, 266 B
HEpEE I, 1988 AEDAERBUKORENE 1,170 &
ot BMIERTRAE 73 GO TH D, B
MEEROTEIVEFEIISREIFATH S, &b
V2500 i3 v I UMV TIE hwnwid, EEKEICIE
Mz Ty,

3. 1998 FE RIS EEMEBIE
EEINTUVLIBEIIAH 6 RETHAEI YN
10% M L72 2> 7Ly 3RESNEE 100 mm ML F D
WA ORI 75 205 66 [CRA L - EER ORI
W% 2t E8F otz 2 7Ly FEBHAE 100 mm
LD REVBEBROBEMIL 66 505 90 2N L 72554k pE
BIIVEERBOEGRICE E T oo SRR L7
DOFAREEASER L Bbh b,
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2. EMAHRZ-E>

F1 1998 EHAMAERSHREUCHD kW)

X4+ Size|/"® Small Unit| % Medum Unit | X% Large Unit| 4 # 7%
0~735 kW 736~22, 064 kW 22,065 kW~ Total
A & a—-F | HF%| B [ RE| B O | Bl B O B B 5B
Application Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
N—20— FREH
Generator Drive for Base Load BL 1 460 38 182,072 30 | 5, 046, 380 69 |5,228,912
¥—2ru— FREH
Generator Drive for Peak Load PL 0 0 0 0 0 0 0 0
R 5
HH ﬂi%gﬂi EM 301 108,157 | 151 206, 531 0 0] 452 314, 688
Generator Drive for Emergency
[} ey H
Merchant Marine M 0 0 0 0 0 0 0 0
i 73 H
Military Marine MM 0 0 8 124,552 0 0 8 124, 552
FoMmsar 2 A
Miscellaneous Chemical Process PR 0 0 0 0 0 0 0 0
# ' H
Education ED 0 0 0 0 0 0 0 0
%. » fte MC 93 1,429 0 0 0 0 93 1,429
Miscelanneous
& At
395 110,046 | 197 513, 155 30 | 5,046,380 | 622 |5,669,581
Total
MM 13 MM 22
MC
149
EM 727
BL 92.2

X4 1998 SFHEBIEEABEE (%)
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274 1998 £ 4 X 2 — B > B UBIAHEL Rt E
£2 1998 SEMB A EABERCHH W)
X4+ Size |/b&!  Small Unit | #% Medium Unit | K& Large Unit eyl
0~735 kW 736~22,064 kW 22,065 kW~ Total
mOF O a-F BB B h | B W (BE&| B B | &% B OB
Kind of Fuel Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
WAL KIR A A
- - 1 £ s ’ ’ 9
Liquified Natural Gas LNG 0 0 4 88, 834 20 | 4,244, 280 34 |4,333,114
KR A
’ O ’
Natural Gas GNG 0 0 1 1,550 0 1 1, 550
g | AR TAE) #A GCG | 0 o] 0 o 1 37,000 | 1 37, 000
2 Coal Gas
R .
ol WALA AT A
Liquified Petroleum Gas LPG 0 0 8 30,992 0 0 8 30,992
Gasous N
Fuel ik GTW 1 460 13 37,570 1 149, 000 15 187,030
Town Gas
R A A
0 0 0 0 0
Blast Furnace Gas GBE 0 0 0
S
T RIRLIA GPR | 0 o] o o| o o| o 0
Propane Gas
ANt 1 460 36 158, 946 22 | 4,430,280 59 | 4,589, 686
Sub Total
X7 i T 86 27, 386 37 55,125 3 416,100 { 126 498,611
Kerosene
% 23 Y
R Gas()J K 109 8,678 30 178, 288 0 0| 139 186, 966
B
1R
Liquid Heavy Oil No. 1 H1 199 73,522 94 120, 796 0 0 293 194, 318
Fuel o
7
Naphtha LN 0 0 0 0 5 200, 000 5 200, 000
il 394 109,586 | 161 354, 209 8 616,100 | 563 | 1,079,895
Sub Total
& it .
Total 395 110,046 | 197 513, 155 30 | 5,046,380 622 | 5,669,581

Liquid Fuel
90.6

6 1998 SEMEBIAELHEE (%)
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F 3 1998 FHUBFIWM AR R O (kW)

X4 Size|M¥  Small Unit| & Medium Unit | K& Large Unit £
0~735 kW 736~22,064 kW 22,065 kW~ Total
ok IR AR R R
Location Units | Output(kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
i &
Hokkaido 30 5, 636 0 0 6 12, 000 36 17,636
R’ It
Tohoku 24 8, 310 8 11,125 0 0 32 19, 435
B xR
129 35, 508 87 190, 920 3 579,800 ] 219 806, 228
Kantoh
i Y
73 16, 924 30 42,022 2 500,000 | 105 558, 946
Chuubu
> %
[ 1& . i 65 18,782 30 62,720 1 149, 000 96 230,502
73] Kinki
il
v i i 26 8, 604 6 6, 400 1 37,000 33 52,004
Chuugoku
Domestic
jut
Use Shikoku 14 4, 663 3 2,756 0 0 17 7,419
u I
32 10,919 10 12, 600 0 0 42 23,519
Kyuushuu
woo 1 300| 2 4,000 0 ol 3 4, 300
Okinawa
ﬂﬂfﬂ.ﬂiﬁ% . 0 0 8 124, 552 0 0 8 124, 552
Marine Propulsion
AR F B
. I 0
Marine Auxilliaries 0 0 0 0 0 0 0
At 304 | 109,646 | 190 | 469,095 | 7 | 1,265,800 591 | 1,844,541
Sub Total
=4 *
North America 0 0 0 0 1 115, 000 1 115, 000
O OK
. 528, 2 528, 68
South and Central America 0 0 0 0 2 8,680 8,680
7 .:/ 7 1 400 4 8,510 9 360, 000 14 368,910
Asia
o | N EN 0 ol o 0| 2| 290,90 2| 290,900
H Oceania
1A
¥ Bk M
0 0 3 35, 550 3 |1, 200, 000 6 | 1,235,550
Europe
For N
IH v #
Export Fomer Soviet Union 0 0 0 0 0 0 0 0
2l ®
6 | 1,286,000 6 | 1,286,000
Middle East 0 0 0 0 86,0
77U
. 0 0 0
Africa 0 0 0 0 0
* 5E
0 0 0
Unknown 0 0 0 0 0
b at 1 400 7 44, 060 23 | 3,780,580 31 | 3,825,040
Sub Total
PN =
= Total At 395 110,046 | 197 513, 155 30 | 5,046,380 | 622 | 5,669,581
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K4 1998 FEHBRENMIN EECRBE T (W)

X4 Size|/F  Small Unit| ## Medium Unit | K%! Large Unit Eoayl)
0~735 kW 736~22, 064 kW 22,065 kW~ Total

¥ OEK Bh AR AR a-F|&¥ | B BH | B&| B B |[BE| W BH |[&F| B B
Driven Machinery Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)

e .
% .EE‘ B G 388 107,604 | 189 388, 603 30 | 5,046,380 | 607 |5,542,587
Electric Generator

e
£ £ #® PRR 0 0| 81| 124,552 0 0| 8| 124,552
Propeller
x K v 7
Water Pump W 7 2,442 0 0 0 0 7 2,442
Jo L=
e %L B AC 0 0| 0 0 0 o o 0
Air Compressor
%. » fie MC 0 0 0 0 0 0 0 0
Miscellaneous use

& g
395 110,046 | 197 513, 155 30 | 5,046,380 | 622 |5, 669,581
Total
W L1
PRR 1.3 /_ PRR 22
G976 G978

8 1998 SEHBRBIBM A A BE A E S (%)
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X9 1998 FFHERBM NN D EE (%)

#£5 1998 FM X SBIEEGERCHT kW)

M K a4 W =g Hh
Unit Output Units | Output (kW)
. 0~ 146 96 926
A B 147~ 367 154 36,407
Small Units 368~ 735 145 72,713
0~735 kW »

/BT Sub Total 395 110, 046
736~ 4,412 170 238, 893
mom 4, 413~10, 296 16 99, 540
Medium Units 10, 297~16, 180 5 67,170
736~22, 064 kW 16,181~22, 064 6 107, 552
/INEE Sub Total 197 513, 155
x  m™ 22, 065~44, 129 10 397, 000
Large Units 44,130~ 20 4, 649, 380
22,065 kW~ /NEE Sub Total 30 5, 046, 380
& i Total 622 5, 669, 581
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£6 1998 ERBHIAY —C VHBNAEEAMEUHED W)
X5 Size| /ME! Small Unit | #1& Medium Unit | K& Large Unit £
0~735 kW 736~22, 064 kW 22, 065 kW~ Total
i & a—F | R# w7 =54 moh =554 Wb A o
Application Code | Units | Output(kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)

NR—20— F5EMH | BL 0 0 3 4,022 7 | 1,265,800 10 | 1,269,822

2@ ¥—2suo— F5%H | PL 0 0 0 0 0 0 0 0

% * B B EB| EM 0 0 0 0 0 0 0 0

Domestic/Public Use 0 0 3 4,022 7 | 1,265,800 10 | 1,269,822
VN 5t Sub Total

N—20— F5%%ERH | BL 1 460 32 142, 500 0 0 33 142, 960

E ¥—ro—FHEEH | PL 0 0 0 0 0 0 0 0

ﬁ FHEH B EH| EM | 300 107,757 | 147 198, 021 0 0 | 447 305, 778

Domestic/Private Use 301 108,217 | 179 340, 521 0 0 | 480 448,738
%N & Sub Total

EIN4E Domestic Use Total 301 108,217 | 182 344,543 7 | 1,265,800 | 490 | 1,718,560

i | N—2u0— FRE@A | BL 0 0 0 0 17 | 3,540,580 17 | 3,540,580

% ¥—suo— FEEH| PL 0 0 0 0 0 0 0 0

}% OB EB| EM 0 0 0 0 0 0 0 0

For Export/Public Use 0 0 0 0 17 | 3,540,580 17 | 3,540,580
/N & Sub Total

i | N—2n—FEEH| BL 0 0 3 35, 550 6 240, 000 9 275, 550

E ¥—suo— F5%%EM | PL 0 0 0 0 0 0 0 0

% B EHMH| EM 1 400 4 8,510 0 0 5 8,910

ForExport/Private Use 1 400 7 44, 060 6 240, 000 14 284, 460
/I & Sub Total

#i' &5 For Export Total 1 400 7 44, 060 23 | 3,780,580 31 | 3,825,040

;| N—AU-FREM | BL 0 0 3 4,022 24 | 4,806,380 27 | 4,810,402

¥ |¥—ru—FR®H | PL 0 0 0 0 0 0 0 0

Wl mmemm EM | o o] o 0| o o] o 0

Public Use 0 0 3 4,022 24 | 4,806,380 27 | 4,810,402
& ) Total

g | N—Au— FR#EH | BL 1 460 35 178, 050 6 240, 000 42 418,510

KX | ¥—zru—FREH| PL 0 0 0 0 0 0 0 0

Mg m s ®m| EM | 301 108,157 | 151 206, 531 0 0 | 452 314, 688

Private Use 302 108,617 | 186 384, 581 6 240,000 | 494 733,198
& B Total

B 7 Grand Total 302 108,617 | 189 388, 603 30 | 5,046,380 | 521 | 5,543,600

Note : Code Explanation BL : for Base Load PL : for Peak Load EM :for Emergency
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3. MEBRAAREZ—-E> 4. BigHR
KT 198EF—KVx2y b F—F77v -2V £9 1998 FEBMPAEES R TR
23 > —
HEEABKEU AT A b (kN) X Size "t
- I
HETER M o A5 A MR TERRRR ELSHE (m) 7B NG of Mod
No. of Units 58 Thrust (kN) 1,426 Class Outside Diameter of | No. of Units els
Compressor Impeller
*1 V25007 7 V#8 (266 &) E&T v . N
Excluding 266 Units of V 2500 Fan Modules Class 1 0 100 2,140, 099 66
*2 WE ERHERAR S A b Class 2 101~ 200 12, 850 29
Maximum Thrust at Sea Level Static Condition
Class 3 201~ 300 533 18
Class 4 301~ 400 258 12
K8 198EF—K ¥ I+ F—FKFuy 7 -2V
5 . Class 5 401~ 500 146 9
EEGHREOT kW)
Class 6 501~ 600 188 8
X % N [ & aw
Size 0~735kW | 736 kW Total Output Class 7 601~ 700 170 7
H & = AN VIS R B S I RS Rl v I s R A Class 8 701~ 800 7 1
. o iy ;
Apﬁhcatlon Units| Output |Units| Output (Units| Output Class 9 801~ 900 94 6
FRRBA ol o 0l o0 0
Fixed Wing Aircraft Class 10 901~1, 000 0 0
~VITIH 053] 79,137 | 53| 79,137 & Ef Total 14, 246*° 90*¢
Helicopter ey
) B B FEft
Aux. Drive Units 40 1,924 | 0 0|40 1,924 No. of Companies which supplied Data 14
& & *4 MKFVFRLPRS - X Th b,
Total 40 1,924 | 53 79,137 | 93 81,061 Every model is an exhaust turbine type supercharger.

*5 [EMEEEEBENE 100mE BT 5ER T,
The figure shows total number of superchargers over 100 mm in
impeller diameter.

*3 @ AR EES
Normal Output at Sea Level Static Condition

*6 JEREBREESME 100m% B35 %R T
The figure shows the total number of superchargers
over 100 mm in impeller diameter.

107
2,140,099
1
106 { |
[] #mE&¥ No. of Units
105 | - #3# No. of Models
12.850 14,246 %6
104 ]
103
533
258
’—I j 146 188 170 156
102 66— 1 1 94
29
18
1| 12 | — —
10 J 8 7 7 6
1
0 0,0
0-100 -200 -300 -400 -500 -600 -700 -800 -900 -1000 &t

Tatal
JEAMEEENE ()

Outside Diameter of Compressor Impeller

10 1998 4F @A H L B B ORI B
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RAAH RS —C Y PR
RS - AWy

AFEROFTHRIBICBERIY, £54 8 23 8 (&) ICHAOKMIERSE
IRV THfE S iz,

5523 55 2 MIFESE AR AR 6 BB EIC T 108 30 £ L VMK, FHAO
HRICLVBEHBEREMNBRICAZY, REDED O, FHES~OHHEE 10 4,
EERBINF 494, G 59LOMFE CRAKNKIITEZENEEShH, $23 5%
HREER), AYRERER)ICOXFHNT2bA, hbEABEhE. 2B, [
RIZOWTIIBEER L, KEHAG S LA ENKER T L VRS Sk,
WNT, HEREEBRERDICHD Z L PARENE. FIEEESE 24 HIEEAHE
RRUOTFREE)OERDITON, WTNHREICHEDL Z L BERRBSH, BHEEL
ErBHL TS LE.

F24WE 1 EFBEASITIAE 118520 55 LV FARHTHM N, FRAOERICL
DNREBBSBRICARY, SFESED Sz, &C, HEX 26 4, HTRIBHE
444, BH 10 HOHE THBRASNRITEZLNEE SN, UTOBROEEM
Tabhic. $2bb, B4 MEE - FHREREMRIIE S 24 MRARKED
FHREIT, BRITHED T EVNERBEN. KIZ, F 25 WEEHBROTFERLEE
B 11 ARERIZIORE ~RHT 2 -0 O FHRFREDFH SN, ARBENE. B
TE ST 24 HTHEFE - TRROBEIL, B3 MTHELOBHLERD
e, BREHICLIVEBEIh, BERBEAELBHLTHA L.

¥ 23 2 M@ERRIL, WA 13LVARXMED 6 BaBRTHEShK. B
23 MEBLREROMKREOR, ABZREBRICBHL, BENED LK.
FR~DOMEE 26 4, E(EREHE 8314, AT 8574 (RBRK 1956 4D 1/5
UL) ol CRRSOBMPES Shizth, UTOBROFHESTRbIE. 3742
Db, #23 MEERE, FMRAREIC X, HHMHRRE (TRY) S¥LIY
TEAARE (MEBY) PRI XAMAO%, KIEHL, KENSEHmERc X o8
EORR, BETHL ENKEREELVRESHh, ThPhARSNE. 0%, 4
HELBARBII O SERRRLVRESD Y, GHEIHK, APRBHE, WR—HK,
WNHMRELAERB LT DI ENKBENL. DVT, 5524 MFEHE & FRIC
D&, HRAEEYE, tREBEANECLIHNAOE, ThEhARaN: BEEE
HELRH L%, B 23 MIRSROEBEXRBLIVHASO®RERLY, 823 5% 2
EERRSERT L.

B24 MW 1 EEHART, FB 148515550, ALK TITbh. $24 18
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