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{‘“‘*‘P"”‘ II Japan Tdi
Standby+Cogen : 664 7,103 7,767 units
284 344 628 unils

C&- n

Figures in brackets are for Cogen
Fig. 6 JEERMMOMAGE

Note

World Business Centers (As of April, 2010)
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3. HREZ—EOEPA>TF R
31 APTFUABE
KIB0MERIC D72 2 B O A A 7 — ¥ ¥ F5E %A O &
EMERFT A28, @IS TIOR T K X
F—YrOEREEBLTVWDE, ThHEDHTYHF—
N—R— VR TIE, REOMEHHY =y b
DFE T ERE S N7z 8\ K FE O WA R Mo i i &
VTR B A 2 AT > TV o
()R 7 A a2 — 7 H# (Bore Scope Inspection, BSI)
THEMAWBE (K7 2a—7) 2HWTHAY—¥E ¥
WO - HILREE BT %,
(2)Esim BB BOS M (Hot Section Inspection, HSI)
BN TG - HIEIEARR T VISR, -
EFEOERBERKL, HHMESEZITWAIRAS —E
v DY - HLIREE TR T b,
(3)4 —/N—=F— L xikk (Overhaul, O/H)
RERRMPOT A —C Y2 B LTTHICHL R
D, ez amL, B - e - SRR
BTV A Y — ¥ Ol - HILIREL ST %,
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3.2 F—N—FK—-ILEK

HAY = DF—IN—=FK—=)VERTIE, TAF—E
VRIS O L THICHRBIR D, RITRT TR
T, M R To TWhe TOMM - BT, A
AL — Y v OF RN & Il oA - LR R Ak
OTHER - WHERGEHERR Z#H T2 2 812X -T, #
HULERE & koM MEZHEIHL, REAIZLS
BFEHLZRIEL TW5,
(VLR HIED

HAY = v FERBBM» S L, THIRHDIRS
(Fig.8)o MALZEBEEIL, T A ¥ —¥ V2 HH WM
TELEHICHE LML LTWb, Fig. 10 SCLEBEGIE

Fig. 8 THHBHY Fig. 11 <&t
(2)53f%
AR =¥ ¥ 2 KMmIZHT %o (5)fBn 2L
(3)i dm L 15 BAKE R &0 B SAR A LEE & F E & 72 DA

SR L7 KIS L, MERHY =y PP U 2790 ¥ — B VEEEO MR SR RER L, PrE
ih & A AR DYFER TR R 28 5Pk (Fig. 9) FIT Tk % OEAREH 2B & ) R EEET 5 PFEURE L
FEHT %0 VY EORAELAL DT B Y HICOW T B
ez Fihis %o
(67

HAY =¥ Y OMILEIT) o MEREMTH S0 — 5 Hl
OB, ShRE)E B2 5 22 o BT R 2 o 7B
N v A (Figl2) #Ehid 5.

Fig. 9 Z&&utE

(BB

EEEBICH L, RERERIC X 2 SV E B,
Bt UG 12 e L7 MRS O HOGR BRI e (Fig 10) |
SRR A S ORI, = RITME R 72 N —
Tkt (Figll) %% %07 5.
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(7 )ife e i 4.2 MIA-13EIASMIA-ITREIA XA —ECADEE
M5 T Fe, FTBLELIE A & JL5B o AL NSEL B A & T ]z

THERLET: (Figl3) %ML, PRAER X OMERBIC R
DNV E R WERT B,

Fig. 13 #:HE R

(8)Hi i

Db ot - HEEm 2§ CER LRy -
ALY &0 g & (Figld), FEEZH I ORES
N5

Fig. 14 WAy

4. EUBEADEZBRZ
4.1 Hik

NI E T 36T, el o BB R FeAgH A i 78 0 2
FEREHL, FICHTRAY — VY v OB T 72
BifEx O T2, BWEEELEBOMATR, E
WO ERZFOMAFEA A Y — v L RAREZF T
552 LT, BEEEE LA A LT T Etkikbs
FEHLTWw5b,

i o W SRS TR O A 7580 & SRS 5
Z LT, BERMOBELLE VT WDA, #H, H
Bt % Ffo 72 AR~ OE X2 2% - EiiT b2
ETh, foREEREEHAL T 5,

FHBEDO VO D>TH HISMWHEFT A —E > D
MIA-138I 7 2 7 — ¥ 2 1319884E D Hish#x ALk, [EH
MBREHI400E DM A E % 7% > T b TEDOEMNF
LRI v ¥ a VMLoliGEnE #a, 20104E122 0
MI1A-13% N— 2 I2PkfE, T3 v ¥ 3 v &ZRIEICEEL
72M1A-17 (Figl5- Tablel) ZPBASSLHHICHEAL
7":(1)0

MIA-171%, MIA-13¢ 0 —¥ Rr —3 v 7SR
Wil MEHSE2FELCETHIET, YATL4kE L
TOFBNMEIEEZ AL T 5,

Fig. 15 MIA-17DEIF R ¥ —E

Table 1 MIA-13D/M1A-17D 3 %1kREH T

Model MI1A-13D_| M1A-17D
Type of engine Single Shaft
Compressor 2 Stage Centrifugal
Turbine 3 Stage Axial Turbine
Combustor Single Can (DLE)
Dimension (L X W X H) (m) 1.2x1%x1.6[1.2x1x1.7
Weight (ton) 1.3 1.5
Output(at Reduction Gearbox End) (kW) 1570 1775
Thermal Efficiency(at Reduction Gearbox End) (%) 255 28.0
Rotational Speed (min™") 22000
Air Mass Flow (kg/s) 7.95 8.04
Exhaust Gas Tempreture (°c) 531 521
Pressure Ratio ) 9.6 10.5
Emission(0,=15%) (ppm) Nox<25 Nox<15

Condition : ISO condition, Fuel : CH,=100%, Bearing type: Sleeve

MIA-13, M1A-17 : with Diffusion Type Combustor
MI1A-13D, M1A-17D : with Dry Low Emission (DLE) Type Combustor
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Fig 16 MIA-13/M1A-174: 58 Hiic

MI1A-17IEM1A-130 FRiBEFECH % 725, FSTE ik i
DYERITHIZETHAY — ¥ ¥ EMIA-13% 5MI1A-
I7TWEEHZ LT LML o TWnh, ZOE X
R E o T, RWEEHICHE VR RN B 5 288 5
BMEBHSEIHH SNE Z LR, BHEL (Figl6 -
Table2) I2XVF V= 7aX MR ENEZ &%
EORMEAH Y, WEMOW LN REE R b, F72, E
BRI & D BB 0 B R TIEM1A-132 5 M1A-17
NOEEWZ ZEML w5 (Figl?).

Table 2 MIA-13D/M1A-17Da—¥ = % L — ¥ 3 “1kig

Generator Model GPB15D GPB17D
Gas Turbine Model M1A-13D | M1A-17D
Output (at Gen. End) (kW) 1450 1630
Fuel Consumption (m*(N)/h) 617 629
Steam Supply (kg/h) 5100 5000
Thermal Efficiency (at Gen. End) (%) 23.6 26.0
Thermal Recovery Efficiency (%) 56.1 54.1
Total Thermal Efficiency (%) 79.7 80.1
NOx (0,=15%) (opm) Nox<25 Nox<15
(Operational Range) (75~100%) | (70~100%)

<Condition> Intake Air Tempreture: 15°C
Atmosphric Pressure:101.3kPa (altitude Om)
Inlet/Exhaust Gas Pressure Loss : 0.98/2.45kPa
Fuel : CH,=100%
NOx Countermeasures : Lean Premixed combustion
Heat Exhaust Boiler : Steam Pressure 0.83MPa
Water Supply Tempreture : 80°C

Fig. 17 MIA-17#& & 2

— 11 =
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4.3 M7A-02B!Hp 5M7A-03BUH X Z—E > ADEE
#az
T9944F L2 AR A 1Y 72 il Tt JE A 4% & 45 3R L 726M WAk &
M7A-01FI 7 X & — € v &Ik A L, Hiv T19984F
(2B A AR AN SR 1 T T A L A FEBL L 72 TM WA
OMTA-Q2W A A 7 —¥ » OWsehnE, 200744 2 &H O
3D-CFD# T Bt 812 CTPERB L% L 7Z28M Witk OM7A-
03814 2 % —¥ >~ (Figl8- Table3) OWFE% AL
TWwb, HIE, TNHOMIAVY) —ADHAY—¥ Vi,
HEITI0BLL LOMAFEREZALTBY, HEHEER
D FE OO LD TH 520,
M7A-02:M7A-031CB LT &, AR MixE
ERLETAHIET, BOEBEELZRD 226 BRMEE
BLTW5h,

Fig 18 MT7A-038H A ¥ —¥ ~

Table 3 M7A-02/M7A-03 2 Rg 7T

M7A-03 M7A-02
Rated output 7,830 kW 7,160kW
Thermal efficiency 34.1% 31.5%
Rotating speed 13,790 rpm
Inlet airflow 26.9 kg/s
Pressure ratio 16:1
Exhaust gas temp. 520 deg-C
Emissions(02=15%) NOx<15 ppm ‘ NOx<25 ppm
Type Open cycle single-shaft
Dimensions L42m,H1.7m | L3.6m,H 1.7m

W 1.5m W 1.5m

Compressor Axial 11 stages
Combustor 6 cans
Turbine Axial 4 stages

Conditions: Gear-Box end, Natural Gas Fuel, No Losses
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M7A-0212B L T HM7A-03~ D i & ¥ 2 358 B 3
EO—MLEFETUTRTH Y, &SI (Figl9 -
Table4 ) 7 &2 X Y EERMOREEOM IO %
Ao TWwhe HAENORERMTIOESH|R 217-
72EBDSH Y, BAEL EHTTH S (Fig20).

Table 4 M7A-02/M7A-032 ¥ = A L —3 a3 %hE

PR~ O X0 2 ORSITIE, HIEEE & OB ik
PEFEODLOEEE LEHT A I LT, i % ikt
LTw5 (Fig2l - Table5),

Ttap obt
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-
2
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-
-

Fig. 21 #IHx > ¥ Vil E s B

Table 5 FrlHT > 2 > Hl 5 & D58

Package PUCS80D PUC70D
(M7A-03) (M7A-02)
Rated output 7,290 kW 6,500kW
Steam supply 15,700 kg/h 15,880 kg/h
Thermal efficiency 32.7 % 29.8 %
Heat recovery
efficiency 49.3 % 50.9 %
Total efficiency 82.0 % 80.7 %

Conditions: Generator end, Natural Gas Fuel,

Fig. 20 MT7A-03i &z

4.4 BREIOEBEZHEZ

HAY =¥ v ORI EHET — 5 OFBR ExATH
A& —E il EofEENIE, v Y Uil
BERLTFA AT VARV EOMOEEGNDL L HENT
BY, BAESBLEBILT 5 720 EWI I SR s i 2
KL Twbo, LaL, BEEMBOENEMICIEVWC
S OBHENMCEER L2 SIPE) REEI TS
EDAEY, BBEHEANOBE X 2170 LEDIEAET D,

PERe ik By
T 7rurs FYIN
BRI £ kD Y . EIRTRE
R - AU 3
AN R R T
5. B8

NIFETETIE, FAY—VE UEBERMIITLT, #
HBLER & MEOR W E TIT ) & — /=R — L R,
PR L7z B~ O®E SR 2 2 FE ML, FESHL
EHVwTWwWb, ThHizk o T, EN/HEIO6005 % i
AL BOFEMFHEERMIH L, 19804FA & 0 #304E D
B O 28 EHZ N R— ML TE& . 4%D, X
D —EORVE ORI 2 L, FHoFEHE
EHATWELWEEZ TV,

6. 5IRAXEK
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"Development of 1.7MW Class High Efficiency Gas
Turbine M1A-17", IGTC2011-0051.

(2) T. Ikeguchi, N. Murakami, K. Tanimura, A. Matsuoka,
K. Ishida, H. Kato, T Sakai, H. Taki, T. Taniguchi,
"Development of the M7A-03 Industrial Gas Turbine",
IGTC07-ABS-125.

(3) K. Tanimura, et al, “DEVELOPMENT OF AN 8MW-
CLASS HIGH-EFFICIENCY GAS TURBINE, M7A-
03" , ASME GT2007-28361.

(4) K. Matsumoto, et al., "Single-digit NOx DLE
Combustion System for KAWASAKI M7A-03 Green
Gas Turbine", IGTC2011-182.
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Wind Tunnel Experiments on NACAQ015 Leading Edge Separation Flow Control
me o HE L AT Kl e
MATSUDA Hisashi TANAKA Motofumi OSAKO Toshiki
ABSTRACT

Leading edge separation flow control using a non-thermal dielectric-barrier-discharge plasma actuator for a
NACAO0015 wing of 18cm chord length ¢ was studied experimentally. Wind tunnel experiments were carried out
under main velocity conditions of U=20, 50, 70m/s (Re=Uc/v=2.3, 5.5, 7.6x10°), respectively. With changing angle
of attack, static pressures around the wing were measured and lift coefficients were obtained for both “plasma
actuator off (plasma-off)” case and “plasma actuator on (plasma-on)” case, respectively. It was found even under
a high velocity condition of U=70m/s, the plasma actuator affects leading edge separation flow and brings higher

lift coefficient compared to plasma-off case. Effect of inlet velocity on leading edge separation flow control of

NACAO0015 wing was discussed.

Key words : Plasma actuator, Wind tunnel, Experiment, Separation, Control, Wing
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Fig. 2 Model NACAQ015 wing with wind tunnel

Exposed electrode (Base polyimide film:20 x 400 x t0.025,
Electrode pattern: 2 x 400 X t0.021)

—
Double-sided tape (20 X 400 % t0.01)

—Polyimide film (20 x 400 x 0.08, 3-layers)
Covered electrode (copper tape:5 x 400 x t0.08)

Polyimide film
(5%400 % t0.08)

Fig. 3 Configuration of electrode

Fig. 4 Operating plasma actuator electrode
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Fig. 9 C, variation for various pulse frequency
(U=50m/s, a« =19°)
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Fig.10 C, distributions for various angles of attack
(U =50 m/s, Plasma ON, £ = 700 Hz)

[¢7
Pressure side __| 0
—=—5
-4 10
* = 15
_0'1-5 \\\MW Suction side _ | :;;Z
op
. / -a-25
-0.25 at =30
-0.3
-0.35
0 0.2 0.4 0.6 0.8 1

x/c

Fig.1ll C, distributions for various angles of attack
(U =70 m/s, Plasma OFF)
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Fig.12 (; variation for various pulse frequency
(U=70m/s, a =21°)
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Fig.13 C, distributions for various angles of attack
(U =70 m/s, Plasma ON, £ = 900 Hz)
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Fig.15 Effect of inlet velocity on lift coefficient
(U = 20m/s, 50m/s, 70m/s)
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Effect of Environments and Surface Conditions on the Creep and Creep-fatigue Properties
of Ni-base Alloy Inconel®706

R
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ABSTRACT

7 JPN i fagy  FIE
SAITO Daizo SUMIYA Rie

e e UNINIPN

ITO Shoko KOBAY ASHI Daisuke
] Wk 5 *5
ik 1EE wn wE
MIYABE Masamichi KAGIYA Yukio

Fleet leader machines with non-shot-peened discs made of Inconel®706 were experienced to have cracks in the first

stage gas turbine wheels. These were inter-granular cracking and observed to be highly stressed locations with less

potential for oxidation, which is thought to be quasi-brittle inter-granular cracking due to stress induced atmospheric

oxygen penetration, so called, hold-time cracking. To recognize this phenomenon, creep and creep-fatigue tests with

smooth and notched specimens were conducted at 600 and 650°C in air and vacuum and confirmed the environmental

effects on those lives and fracture modes. Temperature dependency of this phenomenon was also evaluated by the

atmospheric creep tests and found it occurred relatively low temperature below 700°C. Effect of shot peening which

was one of the countermeasures for this phenomenon was evaluated and confirmed to extend the creep-fatigue life.

Key words : Turbine, wheel, hold-time cracking, fatigue, creep, shot-peening, Inconel® alloy 706

1. [EFCHIC
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Fig. 1 Smooth and notch rupture test results under the
condition of 600C /750MPa in both air and vacuum

Fig. 2 The fracture appearance of smooth sample crept in air
under 600C /750MPa. (2)Viewpoint of fracture surface, (b)Initiation
at surface (by SEM) , (¢)Cross-sectional microstructure
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Fig. 3 The fracture appearance of smooth sample crept
in vacuum under 600C /750MPa. (a)Viewpoint of fracture
surface, (b)Initiation at surface (by SEM), (¢)Cross-sectional
microstructure
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Fig. 4 Creep rupture test results at four different test
temperatures from 500 to 750C in air
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Fig. 5 The fracture appearances crept in air at four different

test temperatures between 500 and 750C . (2)Viewpoints of the

fracture surfaces, (b)Crack initiation sites (by SEM) , (¢)Cross-
sectional microstructures (A-B section)
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Fig. 6 Fatigue test results at 650C / 0-700MPa/10 min. in air
and vacuum by using smooth specimens with and without shot
peening and notched specimens
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Fig. 7 The fracture appearance of the smooth specimen
fatigue-tested in air and vacuum at 600C /0-750 MPa/10min.
(a)Viewpoints of fracture surfaces, (b)Crack initiation sites (by

SEM), (¢)Cross-sectional microstructures (A-B section)
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Investigations of Performance on Vaned Diffusers for Centrifugal Compressors
(2nd Report: Influence by Inlet Angle Distribution of the Diffuser on Low
Specific Speed Centrifugal Compressor)
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ABSTRACT

In the previous report, the experimental and analytical investigations were carried out, focusing on the effect of
number of diffuser vanes, vaneless ratio and throat area for the vaned diffuser on low specific speed centrifugal
compressor. Following the report, this paper presents the results of investigation, focusing on flow angle distribution
between hub and shroud at impeller exit. That is, the experiment was performed on some diffusers whose inlet angle
distributions were different from each other in order to confirm the matching with flow angle distribution of impeller
exit. Also, unsteady fluid analysis was carried out by using Non Linear Harmonic method in order to understand the

flow condition in the diffuser channel.

Key words : Gas Turbine, Centrifugal Compressor, Impeller, Diffuser, Impeller-Diffuser Interaction, Unsteady

Flow, CFD
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Robust Optimizations of Flat Plate Film Cooling with Internal Ribs and a Rear Bump

ABSTRACT

wiG s

TAKAHASHI Toshihiko

W !

SAKAI Eiji

The Taguchi method is employed to achieve a robust design for a flat plate film cooling fed by a ribbed secondary

flow channel, a typical arrangement of turbine blade cooling construction. A cylindrical bump is installed downstream

of the hole exit to obtain higher film cooling effectiveness. Seven control factors including hole geometry, rib angle,

turbulence intensity, and secondary flow velocity are adopted. Noise factors are blowing ratio and bump geometry.

The results showed that the hole geometry has a strong influence on the film cooling effectiveness and robustness.

A fan-shaped hole showed higher S/N ratio compared to cylindrical and laid-back fan-shaped holes. Computational

simulations were performed to clarify the mechanism of the improvement in the film cooling effectiveness by the fan-

shaped hole. Span wise velocity distribution at the hole exit was found to play an important role.

Key words : Film Cooling, Robust Optimization, Turbine Blade, Internal Rib, Bump
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Table 1 Control factors and levels (case 1)

control factor level 1 level 2 level 3
A | rib angle, ¢ 45degs  60degs  7Hdegs
B | secondary flow velocity,Us | 10m/s 15m/s 20m/s
C | turbulent intensity,T, 0.5% 5% 9%
D | bump diameter,D 0.5d d 1.5d
E | bump height, H 0.25d 0.5d 0.75d
F | bunp location,Lp 0.25d 0.75d 1.25d
G | hole geometry cyl. A B

Table 2  Control factors and levels (case 2)

control factor level 1 level 2 level 3
A | rib angle,¢ 45degs  60degs 7Hdegs
B | secondary flow velocity,U> | 10m/s 15m/s 20m/s
C | blowing ratio,BR 0.5 0.75 1.25
D | turbulent intensity, T}, 0.5% 5% 9%
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Table 3 Outer orthogonal array (case 2)

noise N1 N2 N3 N4
bump diameter,D 0.5d 0.5d 1.5d 1.5d
bump height, H 0.25d 0.75d 0.25d 0.75d
bump location,Lp | 0.25d 1.25d 1.25d 0.25d

Table4 Number of cells

grid number of cells
cylindrical hole 8.3 x 10°
hole A 8.4 x 106
hole B 9.6 x 10°

D E , _F G
23 123 123 123

Fig.2 Plots of control factor effects (case 1)
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#£1 20124EH@NAEAE LT (kW)
X% Size| /"% Small Unit | #%  Medium Unit | A% Large Unit & W oA
~735kW 736~22,064k W 22,005k W~ Total
A & =Rl = G I NS B I = & G < S B O = & G I - Ry B = =G < L R |
Application Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
J— — WA
N—AH ].\%EE'}EH BL 5 1,545 21 93,740 36 | 6,195,120 62 | 6,290,405
Generator Drive for Base Load
¥—ru— FHEH
Generator Drive for Peak Load PL 0 0 0 0 4 | 1032000 4 | 1,032,000
Ay 7% =B

o W e H EM 111 47220 | 208 453,360 0 0] 319 500,580
Generator Drive for Emergency
] i H
Merchant Marine M 0 0 0 0 0 0 0 0
(113
ﬂm.. i . & MM 0 0 13 141,744 0 0 13 141,744
Military Marine
At 7o+ 2
Oil Refinery and Chemical Process OR 0 0 0 0 0 0 0 0
Zofo 7ot 2 M
Miscellaneous Chemical Process PR 0 0 0 0 0 0 0 0
x B A XP 0 o] o 0| o 0| o 0
Experimental
= H 0 0 0 0
Air Conditioning ACD 0 0 0 0
%. ? fta MC 14 3,527 1 1,400 0 0 15 4927
Miscellaneous

PN =

" Total At 130 52292 | 243 | 690244 | 40 | 7227120 | 413 | 7.969,656

MM MC
“ o PL
BL 15.0% 10%
EM 77.2% BL 78.9%
B2 20124EHSBIAEEREGHE (%) X3 20124F HIa& B A (%)
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F 2 20124EBRE I E A BB O (kW)

X5 Size | /NB1 Small Unit | H1%  Medium Unit | A% Large Unit & W h
~735kW 736~22,064kW 22,065k W~ Total
PRBHESH a-F | B | B 1 Bk B o | B B | Bk OB D
Kind of Fuel Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
N y}‘: >
{{%1[33{“.‘7‘,7} LNG 0 0 2 9,600 15 | 3,209,550 17 | 3,219,150
- Liquefied Natural Gas
2 [
S RIS GNG 0 0 15 72,850 18 | 2,572,170 33 | 2,645,020
# | Natural Gas
ERA A A
Gaseous| Blast Furnace Gas GBF 0 0 0 0 1 84,800 1 84,800
Fuel N
#kiti 7 2 GTW 6 2,145 11 32,590 3 777,000 20 811,735
Town Gas
7AW N 6 2145 | 28| 115040 | 37| 6643520 | 71| 6760705
Sub Total
i3 ATl T 39 14,950 38 83,000 0 0 77 97,950
N Kerosene
%9
#| R K 21 6840 | 37| 197804 | 3| 583600 | 61| 788244
Gas Oil
Liquid 5 :
iquid | Zril 1 H H1 64| 28357 | 140 | 294400 | 0 0| 204 | 322757
Fuel | Heavy Oil No.l
WOARRERY et 124 | 50147 | 215 | 575204 | 3| 583600 | 342 | 1208951
Sub Total
Z it
Miscellaneous Fuel MF 0 0 0 0 0 0 0 0
AN =
nTotalﬁ 130 52,292 243 690,244 40 | 7,227,120 413 | 7,969,656

GNG 8.0%
GBF 0.2%

GTW 4.8%
’ IR
15.2%

GBF 1.1%

77 A HEEL 84.8%

WARHEEL 82.8%

B4 20124 BRI E B BEA (%) B5 201248 BRIIMEA (%)
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3 20124E MBI A BB O (kW)
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X4+ Size | /M¥  Small Unit | fF%  Medium Unit | K# Large Unit & WM oh
~735kW 736~22,064kW 22,065k W~ Total
Hulk GH| M O | A% WM o Bk o | Bk Wb
Location Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
e g &
Hokkaido 13 3,990 12 17,600 0 0 25 21,590
® e
18 7,377 9 19,800 2 555,000 29 582,177
Tohoku
B R
48 19,385 113 273,280 4 914,900 165 | 1,207,565
Kanto
R
23 11,150 25 49,200 4 818,800 52 879,150
Chubu
M| ow
] = L 7 3,600 25 50,300 4 729,700 36 783,600
F Kinki
Ed
i) 4 1,460 5 6,800 1 86,450 10 94,710
Chugoku
|
Shikoku 1 320 2 3,200 0 0 3 3,520
Ju I
. 8 3,400 20 43,210 0 0 28 46,610
Domestic| Kyushu
Use J 2
i . A 1 400 1 2,000 0 0 2 2,400
Okinawa
oo A
Movable 5 10 0 0 0 0 5 10
ﬁﬂmiﬁﬁ . 0 0 9 128,144 0 0 9 128,144
Marine Propulsion
ﬁﬂﬁ%%ﬁﬁ}% e 0 0 4 13,600 0 0 4 13,600
Marine Anxiliaries
*  ®E
Unknown 0 0 0 0 0 0 0 0
% | N
Clel 128 51,092 225 607,134 15 | 3,104,850 368 | 3,763,076
Sub Total
| A S
North America 0 0 0 0 2 484,920 2 484,920
LIPS
South Central America 0 0 0 0 1 28,600 1 28,600
77T 2 1200 | 8| 20430 | 14 | 2332060 | 24 | 236359
iigy Asia
H e
Ii] A “l 0 0 0 0 1 47,800 1 47,800
Ir Oceania
M 0 o 7| 38710 1| 31L100| 8| 349810
For | Europe
xport) B 7 - NISHH 0 0| 3| 14970 | 2| 299050 | 5| 314020
Russia + NIS
B
Middle Fast 0 0 0 0 4 617,840 4 617,840
T7Uh
Africa 0 0 0 0 0 0 0 0
Bty G 2 1,200 18 83,110 25 | 4,122,270 45 | 4,206,580
Sub Total
PN =
H Total it 130 52,292 243 690,244 40 | 7,227,120 413 | 7,969,656
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4 20124E G BREIRRMA A FE R O O (kW)

X453 Size | /¥ Small Unit | %! Medium Unit | X% Large Unit & W N
~T735kW 736~22,064kW 22,065k W~ Total
B SR B HE a-F | &% B | BE | B | BE | OB | B OB D
Driven Machinery Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
& %ﬁ? G 122 48,835 233 560,700 40 7227120 | 395 | 7,836,655
Electric Generator
_—

HEAEB PRR 0 0 9 128,144 0 0 9 128,144
Propeller
Ax T W 8 | 3457 0 ol o 0| 8 3457
Water Pump
Byt DM 0 0 1 1,400 0 0 1 1,400

s =

- Total " 130 | 52292 | 243 | 690244 | 40 | 7227120 | 413 | 7.969656

G 95.6%

B6  20124EBEEREVBEM L E B B E (%) K7 20124 WEBREHREM I HI S (%)

#5 20124 XA AR O (kW)

mon X 4 W) [=E i |
Units Output Units | Output (kW)
0~146 6 70
N 147~367 41 10,055
Small Unit
O~ T35 368~735 83 42,167
/N Sub Total 130 52,292
736~4,412 213 438,790
oo
4413~10296 21 123310
Medium Unit
736~ 22,064KW 10,297~16,180 9 128,144
16,181~22,064 0 0
/NEF Sub Total 243 690,244
K om 22,065~44,129 7 212,680
Large Unit 44,130~ 33 7,014,440
22,065k W~ /NEF Sub Total 40 7,227,120
& & Total 413 7,969,656
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#6 20I2ERBAN RS — ¥V yHABNEEGKLOBY (kW)

X4 Size| /N8 Small Unit Al Medium Unit K# Large Unit )|
~735kW 736~22,064kW 22,065k W~ Total
H = a—-F | B o B moh =y moh (=04 o
Application Code Units | Output(kW) | Units |Output(kW) | Units |Output(kW)| Units |Output(kW)
~N—2u— FREM | BL 0 0 0 0 10| 1934950 10| 1,934,950
Q Y—ru— FREH | PL 0 0 0 0 4] 1,032,000 4] 1,032,000
% I MR EM 0 0 0 0 0 0 0 0
Doepzt;;%bhcfse a Sub Total 0 0 0 0 14| 2966950 14| 2966950
~N—Z2u— FREM | BL 5 1545 6/ 20890 1| 137.900 12| 160335
[I%I ¥—ru— K%EM | PL 0 0 0 0 0 0 0 0
% et RS EM 109 46020 205 443100 0 0 314| 489120
& z %) fis | MC 6 70 0 0 0 0 6 70
Dosztgg%"af\“e st Sub Total 120| 47635 211| 463990 1| 137.900 332| 649525
EIPI4EF Domestic Use Total 120| 47635 211 463990 15| 3104850 346| 3616475
i | N—2o— FEEM | BL 0 0 0 0 7| 253930 7| 253930
% ¥—su—FREH | PL 0 0 0 0 0 0 0 0
é It S A EM 0 0 0 0 0 0 0 0
F o;ﬁ%ég “b/lj‘f US%T Sub Total 0 0 0 0 7| 253930 7| 253930
i | N—2o— FEEM | BL 0 0 15| 72850 18| 3868340 33| 3941190
% ¥—zu—F%EM | PL 0 0 0 0 0 0 0 0
R EEp— EM 2 1,200 3 10260 0 0 5/ 11460
FO;@Eﬁlg%griv/fe Usgjr Sub Total 2 1,200 18| 83110 18| 3868340 38| 3952650
Wit 43 For Export Total 2 1,200 18] 83110 25| 4122270 45| 4206580
~N—z2o— FEER | BL 0 0 0 0 17| 2188830 17| 2188880
i ¥—ruo— FREH | PL 0 0 0 0 4] 1,032,000 4] 1,032,000
& I R EM EM 0 0 0 0 0 0 0 0
Public Use w=m & A Total 0 0 0 0 21| 3220880 21| 3220880
~N—2u— FREM | BL 5 1545 21| 93740 19| 4006240 45| 4101525
[ |¥—zuo—FREEH | PL 0 0 0 0 0 0 0 0
RS EM 11| 47220 208 453360 0 0 319 500580
z %) fiz | MC 6 70 0 0 0 0 6 70
Private USGE %0 & & Totl 122| 48835 229| 547,100 19| 4006240 370| 4602175
# Grand Total 122| 48835 229| 547,100 40| 7227120 301| 7.823055

Note : Code Explanation BL : for Base Load PL : for Peak Load EM : for Emergency MC : any other miscellaneous use

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



340

20124 X &4 — E > RUEIEHEAE R

HA#HR 2 -EZR0
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K9 ¥—FKyx7b/ ¥—=F7Tuvy s - I
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K10 RE#ME Y v HEY 22—

2007 2008

£T7 0I2E5—FKVxzv NI —=KT7V TV IV
HEREGEE O (kN)

Number of Units

25 % b 4EH
Thrust

o
AR 402

%1

FATTIEY 31 o8- NS

Maximum Thrust at Sea Level Static Condition
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pplication | Units (kW) Units (kW) Units (kW)
fi] 7 B
Fixed Wing Aircraft 0 0 0 0 0 0
NETTR 0 21| 34735| 21| 34735
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£9 77 ARNOEMAELRE £10 7 7 ABIORIXEH
X M Size X biN Size
JEAHER HAME (mm) JERRBER 1AM (mm)
Class |Outside Diameter of 20074 | 20084F | 20094 | 20104 | 20114 | 20124F Class | Outside Diameter of 20074 | 20084F: | 20094 | 20104 | 20114 | 20124
Compressor Impeller Compressor Impeller
Class 1 0~ 100 R48177 | #952007 | 927505 | #3455 | #135475 | #936573 Class 1 0~ 100 89 61 62 62 64 64
Class 2 | 101~ 200 35,284 42,225 124,918 | 37,723 | 45,680 | 32,774 Class 2 | 101~ 200 26 26 26 29 29 29
Class 3 | 201~ 300 551| 508 | 503| 482| 643| 538 Class 3 | 201~ 300 14 14 15 16 18 18
Class 4 | 301~ 400 238| 232 185| 134| 111| 265 Class 4 | 301~ 400 14 15 16 16 15 17
Class 5 | 401~ 500 169| 175| 131| 110 57 73 Class 5 | 401~ 500 11 11 12 12 10 16
Class 6 | 501~ 600 212 303| 272 231| 294 221 Class 6 | 501~ 600 11 11 12 12 14 15
Class 7 | 601~ 700 249 322 290 282| 362| 274 Class 7 | 601~ 700 13 13 13 14 17 18
Class 8 | 701~ 800 64 48 47 50 55 74 Class 8 | 701~ 800 5 5 5 6 5 8
Class 9 | 801~ 900 176 205 194| 150| 214| 114 Class 9 | 801~ 900 11 12 12 11 8 9
Class 10| 901~1000 0 0 0 0 0 0 Class 10| 901~1000 0 0 0 0 0 0
Class 11| 1001~ 8 0 0 3 24 0 Class 11 | 1001~ 2 2 2 2 1 1
A5t Total™ 36,951 {44,018 | 26,540 | 39,165 |47,440 | 34,333 A&t Total™ 107 109| 113| 118| 117| 131
%3 BRI —E U TH b,
Every model is an exhaust turbine type supercharger.
¥4 GEME, R ESMEI0mmE T 5 E R T
The figure shows total number of superchargers over 100mm in
impeller diameter.
2
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50 10
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8 9
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Diameter of Compressor Impeller
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