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Fig. 10 Planetary gear
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Fig. 10 CFRP compressor wheel
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Table 1 Engine and Turbocharger specifications

Engine P10A L15B K20C
Displacement (cm®) 988 1496 1996
Cylinder In-line In-line In-line
configuration 3-cylinder 4-cylinder 4-cylinder
Maximum

Power (kW/rpm) 95/5500 143/6000 188/6500
Maximum 200/ 260/ 370/
Torque (Nm/rpm) 2250 1600-5000 1500-4000
Compression 10 103 98
ratio (-)

Bore (mm) 73 73 86
Stroke (mm) 78.7 894 85.9

Valve train

DOHC In-Ex VTC

Turbocharger type Single scroll turbocharger
W/G type

Exhaust gas
temperature (C)

Electric W/G actuator

Maximum 950

Turbine housing

. DIN1.4837
material
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Table 2 Turbine housing material specifications

Turbine housing Nickel Limit
material content (%) temperature (C)
DIN1.4837 11-14 -950
DIN1.4848 19-22 -1020
DIN1.4849 36-39 -1050

2050
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Fig. 8 Radial turbine with nozzle vane
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Improvement of Steam Turbine Stage Efficiency by Controlling Rotor Shroud
Leakage Flows

B L *1
SEH R
SHIBATA Takanori

ABSTRACT

W i

SEGAWA Kiyoshi

il A"

FUKUSHIMA Hisataka

Shroud leakage flow with large tangential velocity produces a significant aerodynamic loss due to the mixing with

the main stream flow. In order to reduce the mixing loss, two distinct ideas of the rotor shroud exit cavity geometry

were investigated using computational fluid dynamics (CFD) analyses and experimental tests. One idea is an axial

fin from the shroud downstream casing to reduce the axial cavity gap, the other is a swirl breaker placed in the rotor

shroud exit cavity to reduce the tangential velocity of leakage flow. Test results showed that the axial fin and the swirl

breaker improved turbine stage efficiency by 0.2% and 0.7%, respectively. The swirl breaker is an effective way to

improve steam turbine stage efficiency because it can effectively turn the rotor shroud leakage flow in the direction of

the main blade passage flow.

Key words : Steam Turbine, Low Aspect Ratio Blade Row, Rotor Shroud Leakage Flow, Mixing Loss
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Fig. 1 Rotor shroud seal and cavity arrangement
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Fig. 2 Schematic illustration of the rotor shroud leakage flow
(Modified figure based on Langston®)
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Table 1 Turbine representative specification

Mass flow rate kg/s 104
Inlet total pressure kPa 166
Inlet total temperature K 363
Outlet static pressure kPa 127

Rotational speed rpm 4150

Vortex design - Free vortex

Velocity ratio (Root), U/Co - 0.56

Stacking center line

Trailing edge

4 1.50x
3.5Cx 4 “|'§

X
Stator inlet
traversing Rotor outlet
position traversing

position

(a) Meridional shape (base shroud cavity case)

(b) Stator blade shape

(¢) Rotor blade shape

Fig. 3 Tested blade geometries
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Fig. 4 Tested shroud cavity geometries
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Fig. 6 Computational grid for a shroud leakage flow passage
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Table 2 Numerical models

Ttem Numerical model

Turbulence model Shear Stress Transport

Equation of state Ideal gas

Transition model Gamma Theta model
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Fig. 7 Comparison of experimental results (EFD) with
computational ones (CFD)
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Fig. 8 Calculated flow patterns within the shroud leakage flow
path for Casel (U/C¢=0.56)
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Fig. 11 Measured flow distributions at the rotor outlet
traversing position for Casel and Case2 (U/Coy =0.56)
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Fig. 13 Calculated flow patterns within the shroud leakage flow
path for Case2 (U/Co =0.56)
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Fig. 14 Measured flow distributions at the rotor outlet
traversing position for Casel and Case3 (U/Cy =0.56)
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Turbo ExpoTH#K S LA dmCHud, LLanid12000: %
BEZ TV, EELSEHETHA L, 54D Accept &
NS IZVEE LA DI R L 7 o 720 ATV —
VRN r o 7o 2 LB LI Bbh b, KUh
®Committee Meeting TS E N7ZIGTIORHLO HI T,
WXBEI VWX OETERT L2 5% mITALD
HHEBH o572, —), HWHER VAT ANLEREINS
L AR — N OB R 2 72 2 & THRIH O RIS
MLTWw3, TOZELEZELTWALEEDLNEN, KN
T E DR L 2 e fi L TR E OIE T D%
WEEEO L) ET L —EOEFORBEERFHE L e
DFEMPMEZ BTz,

Gl A —J —RKF - PRS2 b O FHAl
HWIREBEVILHSIML T, HRIZES LW z00E4
725720 #FIH O B BET#124Y;ONorges Varemesse
P> b7 Y AR—VTHESNI YTV AL LT
YaroTER3IIRT,

Fig. 3 Welcome reception (by courtesy of ASME IGTI)

HHEEDLHRDP OO IBENLED ), KIED
Turbo Expo 2019 Phoenix T % % < DEN 7 WFFE A
RRINLIEREST V5D,

2. MZBHATAY—E Y

1. BIZE

izer Y VM (Aircraft Engine Committee 3 4#)
Dy va i, &ETlsty va v (20174 1144
/20164F ¢ 117 20154 © 127F) TH o720 LY ¥ 3
YOWNRIE, SR vtkyvardPiakyay (F1S
1.0, Fa— b YTty iardas2ty gy
(M2/2/31), %oo9tvyyar (M8 8,8
) Fr=Hhntyvar GXEER) Thol.

Fr=hNVEy va yTOREFRBE, 401 (F31
38.7391F) THY, WEFELY WML WD, T/,
25 & idiZCycle Innovation Committeed @ ¥ =
AV bty yarvbklLTHRAY -y Y rols
AT A F2—b) Ty v a vl 2fibh
726 2OF 2— 1Y) TIVEy ¥ a YIiF20164 12 Aircraft
Engine Committee E#ETIrbNL Tz d D L UHEHR
HODLDTH b, 72, BIFEREHKEOLY ¥ 3 25
Turbomachinery Committeek ® ¥ af >~ bty g v
TITONTVERESET Y af v by arbnwiE
T rbhed o7z,
(B, DUToBi%E&D, £y var$, sEMERE
DELICLLEFMETH 5,)

Eazh 201847 H 5 H
* 1 GRIHI #iZe - 15 - Bhifr 2Lk
Hlipsst v ¥ — T v Y AR
T196-8636 IR =4 RENT3975-18

®T g

ASAKO Tomoaki

2. Fa—bMUT7IEYT >

LGHEDF 2 — )Ty ary (24) & O
APU (WMLZEt§o i@ 1) 3208, @OF
AF =YYV DEBIONTTH ol 2D D,
APUICHT 5 d D, MEEICHI & EiTbNz, 72,
A —E Yy DREBEIZONTIE, T Y MEBDOHEARIE
MBI AN A —E Vi flibhCw b R oRH R &
T RICEBYLANRTH > 20 EH 3L 0o 720

3. FUZAHIEY a3

mXEEROELy v a vy ItOWNREL LY TV a T
DFEMNH (hy aNoBE) X, OF by b (7
), @FR7e) 74 (51), @xr Y kot
vy rvarverss (7)), @7uxs bt —7
va—% (21, Gy (21), ©F 1 v
VAT AEBEMR (61F), O T UEMEEETO
HOE=51) 7 (41F), @F kv - i/ Ak
Iy (51, @EFME Y32 b= 3 v EMGE
(21F) THDHo MEEIIHLTTuERTWRKR, =5
VMR, RV - HER S AVERO Y Y Yo Vsl
127> TWh,

ZOHL, FTHEVEH L CHEEBRDOL o T2
U0, ALy MCET AL O (BRI
HWHEHATy Y oLy MZBET 530 (GT-76398
750907 &) TH Y, WEEIIH] &t X KL D E S & A
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b, T2, FEV, FXFTEY T 1 (GT-75204,
770897% &) b4 Ly MERERIC, =YY roREFEL
KR THEDOH LT —<THY, BB TH 0Ly
arvigby, TOXO%T—<ICHLTOREK-
WEELHDL L o T0WBH ER U, BB, TEHES O
DA X, BERE Y Vg YHEREL o Tz
TuRgEF—7ru—-7IZBEL T, BEETLEY
YaviRBIELTWA DD, FEAMKD 24 (GT-
76183, 75973) L»7eL, HEHEHDLVWEITF A VIR
WTHo7l
REEEEPTHRLE (I y aNZBESERZEAL
WEOMHE), BAR3M (2#), mE6M (71), %
6 (134F), &ESHF (74), A 210t (120,
75 A1 (31 AFF50 (21, ot —
Oy N 4fE (31F) Lo Twa,

4. NxIvtyrar

SHSA VY g VA ENEED 1T XD & KIE
¥ 7205, ZONEFER, OCOHHREIKD 72D D
W RHEE S AT LIy T MET A0, QIFFk
DAY RARREMZEH T Y Vv L OFRERFHIIET S
Do, @RZHETITDON, HEE (FTuxIEEE)
ORKL 7 aXTOEYLIKEZIDEHNT 5 2 & TR
L 7-Digital Twin (EWZZ0FFHELZ [NT] o
Salb—=YaryEFN) sHwToTuxg Bl
125 EORBEOBFICET 5 D, @Wlce Crystallc & %
IcingllB 35 b DTH - 72

D5 L, OOCOHEH &K D 728 O Ff

Wtk A7Faare7 MIMT sy vya v
&, Snecmatl (79 ¥ RA), Delft LRI K%Y (7 %),
Chalmers K% (A% = —7 ), Cranfield kK% (JEH)
WEM L7z, TOWT, Snecmathid+ —7 > u—%
B L TOREEIT> Tz Delft TRHASF DI,
WAL RIRA AR & B HEHE > A 7 2 % Cranfield K4
DFEERTIE, WHEKEBREZLSC0, 7Y —Dlikz
RITANZHE LT 7z,

$72, QORROIERN LEE BTV 2D
Mo T 5y ¥ 3 v TlE, Airbustl, United
Technology Research Center, NASA Glenn Research
Center, NASA Langley Research Center, Pratt &
Whitney#k25/%% 7 — & L CTEH, SBIEENITEKRE
%o/ bDOWEHREL M TH 72, NHEE LTI,
MG I A O L HEE S X7 A ICHT 5 0TH
D, BEANAL SR Y Y (UHB), =9 VI285
e A WeaA & (BLD, WE)HEAE - Hybriddf o, +—7
vu—¥ % EORROHEM T A T A L Double Bubblel
%, Hybrid Wing BodyJ%#, Blended Wing BodyJZ/E,
Over Wing NacelleJZRE 72 & 0 F 3K & W 1) 70 BT
OB LB AR ST Wiz, FRIZAirbustl: 2
LORFETIE, UHBICBL Ty Y v AR EEOKE
Ya— M YLy bORENE ZORELR EOHMERDN S
BONTVD &) RBEIIMZ, #HIEEOREDOE
TR ZIUTHE ) WFE SR VORLE, =2 Y v O,
TA RVEEOARZTE) 74 2L, L)l BAERZ
HEDIER SN TV 7z,

3. BAFEMHT AT —¥

PEEMAT AL —EVIZUTIORT 8ty v a VHfied
7, “Oil and Gas Applications” &, H A% —¥ YEH#ED
SRS “Cycle Innovations”, “Supercritical CO >
Power Cycles” @ 3+t v a v TEAEDLEHLLEEED
7o BEXERA AL — ¥ ¥ OFSCHEIII8M: & MEAE X
D 2#EL Doz,

1. Electric Power : #ERH&
OCEUI0ME T, MEAEX D 1MLz 7L
TN RIS EEE ORE T A~ (GT-75214), I ¥ 54

Efizfr 20184E 7 H28H
* 1 (EBF) EESEEAR G IR
T305-8564 LA 1-2-1
E-mail: n-iki@aist.go.jp

— %1
iy iz
IKI Norihiko

YEHA VDI NVF—L O EADEAE
(GT-76989), WHOAMHEMEZZE L T 4 F—1{it
WEEm LD (GT-75030), 7 L ¥ 7V 7z &
B3Iy varyiEloBEiy 254 (GT-75764), H
UGAFAZ =¥ AN, Y EHAL 2 VO (GT-
76911), FZ/ G AHAY —EvDT v 77 L — FEA
(GT-77274), —#OBBEBHAT A - v Efiz T L O
725 ® (GT-76665), 1600CTH» A & — ¥ ¥ DZLHH
W opss (GT-77273), HRSGO ¥ 7 v 7 74 7 ~
7 (GT-75768), HAZ —Y ryOMRAT 4V T — DG
Ry#i b (GT-75435) DIEFED D - 72,
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2. Industrial and Cogeneration : FE¥ & & #E
s

ORI T, HEEE R TH o 7z EL - B -
BOOHEL=y bOETY V7 - g LD 720 O
GvIalb—vary—N (GT-75193), JAIIFET A
FLARE VAT LADIZODHAY —E AT 2 FDIA
VE ISV T oR#EL (GT-76688), A1 fET
ANF =L HBOEH ©#ZEILd 5 HIYOHEKEE
BEHAY—ErOEY AT A (GT-75216), M

BEBTA S — € Y BGEHG O R LT (GT-76025),

HAY—VE Iy Y vDETFIVOAFEFEMD LG
(GT-77052), KEHZ ¥ —¥ v O#RE: (GT-76350), 7<%
SLvary¥a—# 2k bkmaxal (GT-76469), %

MR O W LRFRN— > O~ v F ¥ 7 (GT-76005),

7275 v AEEA (GT-75652), Y 225 E o
W ze g (GT-76544), MR T A VT —T L A ¥
b OREE (GT-75428) DIEENDH - 720

3. Oil and Gas Applications : il + H AEZXRE
FOCEOI30ME T, WEAEL D 2N L7z, FELTOA
A% =¥ ot (GT-75613, GT-75618, GT-76947),
A —IVE TV OFEBRNEAEIGNT A (GT-75694), 7
A=Yy OIRBEHBER (GT-75007, GT-76849), #

PRSI BT 5 At (GT-75003), il (GT-75006,

GT-75046), M #itEBREYH 7 2 ¥ — € >~ (GT-75002,
GT-75567), #B¥ 77 > FO ¥ — KM DIRK (GT-
75628) DIEFEN B o720
JEMREICOWT, BYET 250 (GT-75058, GT-
75236, GT-76429), 2% % ¥ — ¥ (GT-75521, GT-
76179, GT-76185, GT-76188, GT-77222), #k iy & il
(GT-75020, GT-77016), ¥ % )V JE #ii ¥% f# 1 (GT-
76583), MENH A T— A ¥ — (GT-77006) DIFEDNH -
720

F7:, 7V =T —¥%—V~ (GT-75108), KIKH A
koL (GT-75211), WAL RIR A A BEEAED S
OFMIL (GT-75370), # LR ¥ T O 2K/ KT
(GT-75380), Y # ADHmEHN (GT-76190), 7L —
FZEAFMEER Y AT 4 (GT-75876) D3ENH -7z,

4. Marine : A&

MBI T, MEAEX D 2L 2o TN R —
YavBBERHCEMBAT A Y — ¥ L OBRIIFIERR
omE (GT-75493), WHE 7L — FERER— Y OfEAE
B EY—E VB MEROBEY I 2L —Ya >
(GT-75516), MIHAHF A% — Y v OEF/HMEIZBT 5
CMASKIE (GT-75865), M#EEN A & — ¥ ¥ M HE#
VAT ADSSSY T v F O &R (GT-75869), il
O L WCOGAGHEE ¥ 2 7 & (GT-75908), D%
DA — )V OIEMEHOMREZIL (GT-75981), K
FEICHE S N OHE S & AR ¥ — € v BB E O Kl

MR (GT-75987), 74 —ENEEIE X ¥ —¥
VA Y AT & (CODLAG) OIEE4FED Y I 2L —
va v (GT-76029), WFEEREE T OEBOMM LY Y
YOO DORREPLE O LTk (GT-76043), #iH
HAY =¥ DizdDF —V UV 2ZBIEFEALTFA ~ ¥ A
7 A O (GT-76617), FEMEHNA 7 v FEBBT)
Tu g 5 (GT-76928), 7K H ik B 5L i 77 A & —
Yy r Y YRR ZRSALRE Y 2 5 FORSS LR
(GT-76945), {#EHEOHEMEM 7 5 v FOEE (GT-77291)
R INIZ,

5. Coal, Biomass and Alternative Fuels : Ax,
N F< R, REWH

WEITOHT, ELY 6B L, 7L R Y
TR T DIGCCOH:RE M (GT-75198), ¥ — v ¥
R=ZADBEBEMHET TV VDT A T4 7 VBB EE
(GT-76856), 74 AR A OYE OHER (GT-75136),
INA TR ORI (GT-76759), Ay = v MEREL
DORGET NV (GT-76997), L —¥—#K (GT-77238),
PREE T D 455E (GT-75945, GT-75950), ¥ = v M#RE
DB EVERAT (GT-76209) AFEFE N7,

6. Cycle Innovations : &£t 41 7 )L
moCEI12ME T, WEAE X D 2T Lze TN A —
voa R BEB AR (GT-75534, GT-76798, GT-76435),
EFNN—ZAF AT — ¥ Al Hwiza "4 v F
P A 7 VEETORE R#E{L (GT-76230), 22550~
=y Mt u—X FEERREET VN4 » R¥ 4 700
DOERE (GT-76218), KG# - HAF - oA TY v
K ¥ A7 2 OEAMREFE N (GT-77090) , KFs#k-77
AT =¥ INATY)Y RYVATLADF—=)N=ZAE—=F
OfRNT (GT-76370), *+ 7 H AFAMEEIZ X AMCFC~ 4
yaH AT —E N4 Ty FOWREIEE (GT-76014),
A I NAHESEZZE LN, 7))y NV AT LAHND
JERAEANZE EVEIRNT (GT-76504), KAEMEHTF D54
FETANDEHZHNLZ EIZE ) BERIRT R ¥ —
Crry T Y ORME T L — FORMIRE 2R3 2 Bfb
HF%e (GT-75967), A v ¥ —2—V v 7 HAEars 7
b ENR=Z L L72WEFEY 4 2 Vot (GT-76778),
RBEPRCO, X (GT-77084) DHEENDH - 720 % B,
WLZeH L /ANEL I 2 7 — E IZBRAL L 720

7. Supercritical CO2 Power Cycles : #BEEFCO .
REUVAI
FOSCEII27THE T, WEAE XD 8 RIRA L 7. JEMEARIC
DWTC, BMEENT (GT-75102, GT-76943), FERRYFEW
(GT-77026), A4 v~ OMx#EL (GT-75590), M
ADEDZE (GT-75182), # ¥ — RIEMibE A (GT-
77044) DIFERDD - 720
¥ 7, ¥ —VY kil (GT-75356, GT-76508), % —
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Y robiilyjNg v A (GT-76019), JEfh% & & H 12
BT HRADEE (GT-75568), CO~DH ARED
WF %8 (GT-76386), #& 38 ¥ &% (GT-75196, GT-76975,
GT-77197), #BE%: (GT-75169, GT-75547, GT-75557
GT-77087), THIECO it O FALMENT (GT-75592), K F
REOWNLOET VT (GT-75934), 7 A MV —7
(GT-75873, GT-76483), EU71 Y = 7 h Tk (GT-
75154), HFHB KB A 72 v (GT-77106), ZHE
MR 7 (GT-77011) DFEEND - 72

8. Organic Rankine Cycle Power Systems : F#
FUOXHYAIINHEEY AT L
FOCEUE 6 T, WEAEX D 1IN L7 T4 — €L
IV VOBREBFIM (GT-75126), —FEFH O BJFIZ RIS
(GT-77129), iABEZEE (GT-75301), YEBHEEAKEL 5 D32
W (GT-75442), 7V T IV ARTEY VAV — VD
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4. IIFAY—E v BIELTIV I A

Microturbines, Turbochargers & Small Turbomachines
Committee S FMTHTF 7 = H Nty ¥ g v TOIFEML
Bix, NEIFTAY—C IS [RBEE R @ 3
i, TRkEh, BZE&MERE] o 31F, B X UF —XNBEHE
W5 TEgE AT A 02, [#—EY] D9
fF, THEAiEE] © 6 - CTh 5. Wi EuI2304T, 0
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Ceramics Committee2’EfE$ 277 =H )ty I3
YCORENBE, €T I v 7 ARBEMICET S TR
BeEFT) 7] o1k, TEZREMBIT] 0404 TH
B0 #am CHBUIISHT, WEENSL S A TWw5, &
NP F 2= b T 24D > 720
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INRUGTA Y —C BT A [HRBEL AR oty s
YT, BT TR W27 79 A NEF X
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Beamr DS (GT-75993) XDV TORENH -7z, T 72,

THREHEICBWTANAL I A AT OCO B ER L) EL
T BN+ ADOMAE L BEICBI T 2078 (GT-76667)
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T, FTNVAZ70—= V¥ —¥E IZBFLHEEICT %
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L723b o (GT-76590) %, DESZ iWwT % —E v ®
PEREICHER Y =R — W PP RIZTEEZREL DO
(GT-76706) 7 L% o 720 WEIBIERE LC, HAEMEHT
TP EZBRYTEEZNNTTI VT VY — ¥ Y ONERG
HEM AL, ZORMPEEIAL 2078 (GT-76378
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turbocharger) BIfRTIE, HERICHARTHERME S
L 721GV (inlet guide vane) ##EL, FhzihiiKsy —
Yo EgITNE = A L CHRERER % 1T - 7o
78 (GT-77048) ICBT ARV H o7z, T Oz, E
W BRI B0 B E A ELSRIN S 2 IRt h o s
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TNVDRFE (GT-75717) 7 EIWZDOWTDOREND - 72,
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& BB SR & PR3 & B O S & S A 7298 (GT-
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I. #Et
1. BEMAHZ42—E>

]

S 2

S| £ !

=2 =\ 2

o | B 4o e
10,000 | 750 |-
9500 | 0 b
9,000 |
8500 | 630 I
8000 |- 600 | 7.970
7500 | 550
7,000 |

s00 L 6,656
6500 |
6,105
6,000 |- 450 |
413
5500 0 b s
5,000 374 4,958 4922 4,951
L 342

4500 |- 350
4000 | 300 |-

L 256
3500 w0 L 252
3000 |
2500 200 1=
2000 | 150 |-

1500 | 100 1
1000 |
500 | 50 -
ol 0
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4E  Year
K1 FEEAATAY -
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F1 20174 AEREABR T (kW)

X453 Size | /NE] Small Unit | H1%  Medium Unit | A% Large Unit & moN
~735kW 736~22,064kW 22,065k W~ Total
H 7 =R N =G R A B = & G B < By M I = G B s RS I B = v~ G I B |
Application Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
S— A0 — NI
oA ].‘%@}ﬁ BL 5 1,590 18 76,620 28 | 5,568,420 51 | 5,646,630
Generator Drive for Base Load
¥—7u— FEEH
Generator Drive for Peak Load PL 0 0 0 0 0 0 0 0
A 7% A=

o e EM 61 28,431 128 254,634 0 0 189 283,065
Generator Drive for Emergency
[} i Jif|
Merchant Marine M 0 0 0 0 0 0 0 0
i HHE H
Military Marine MM 0 0 4 46,788 0 0 4 46,788
At 7o v AH
Oil Refinery and Chemical Process OR 0 0 0 0 0 0 0 0
Zofn7at 2 [
Miscellaneous Chemical Process PR 0 0 0 0 0 0 0 0
o~ . " H XP 0 0 0 0 1 119,900 1 119,900
Experimental
z= il H
Air Conditioning ACD 0 0 0 0 0 0 0 0
%. ? fte MC 1 713 6 8,298 0 0 7 9,011
Miscellaneous

PN =

- Total at 67 30,734 156 386,340 29 | 5688320 | 252 | 6,105,394

XP
MM__04% ~MC
BL 20.2%
EM 75.0% BL 925%
2 20174 H#MAEREEE (%) X3 20174 EE (%)

Download service for the GTSJ member of ID , via 3.149.235.216, 2024/11/27.



400 2017FE A X2 —E > RUBHBEEERET BARHR 42 —E L Zx5E
2 20174RRE A ER B L O (kW)
X4 Size | /"8 Small Unit | %!  Medium Unit | A% Large Unit & Hoh
~735kW 736~22,064k W 22,065k W~ Total
OB el N = G I RS B = B < BN A = G B < s S I B = =G < B |
Kind of Fuel Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
WALRIR A A
. Liquefied Natural Gas LNG 0 0 0 0 7 | 1,606,700 7 | 1,606,700
A P
PR RISH A GNG 0 0 5 26,810 20 | 3,852,020 25 | 3,878,830
¥ | Natural Gas
(RS BFG 0 0 0 0 1 109,700 1 109,700
Gaseous | Blast Furnace Gas , ,
Fuel N
kit 77 2 GTW 2 90 20 74,588 1 119,900 23 194,578
Town Gas
WAL A LPG 0 0 0 0 0 0 0 0
7o > VAT HA GOG 0 0 0 0 0 0 0 0
Hpe (T A4L) HA GCG 0 0 0 0 0 0 0 0
TAME NG 2 90 25 101,398 29 | 5,688,320 56 | 5,789,808
Sub Total
il KTt T 9 3331 16 31,000 0 0 25 34,831
1K Kerosene
B | B
. K 13 6,350 34 109,908 0 0 47 116,258
Gas Oil
Liquid | 7y
quid | il 1 ﬁ. H1 43 20,463 81 144,034 0 0 124 164,497
Fuel | Heavy Oil No.l
HARESFE /bt 65 30644 | 131 284,942 0 0 196 315,586
Sub Total
Z Dl
Miscellaneous Fuel MF 0 0 0 0 0 0 0 0
A =
DTo taler 67 30,734 | 156 386,340 29 | 5688320 | 252 | 6,105,394
LNG T 06% K 19% H1
28% _ GNG GTW 32%
99% BFG 1.8%
BFG 0.4%
GTW
9.1%
WARIREL 77.8% A ABEE 94.8%
4 201TAERREIRIAEFEREEE (%) 5 20174 DES (%)
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X45 Size | /M Small Unit | %! Medium Unit | X#¢ Large Unit |
~735kW 736~22,064k W 22,065k W~ Total
bR = O I RS B = & B S B B = &G A < RS B B = &G I < L B3 |
Location Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
v i &
Hokkaido 0 0 8 11,600 0 0 8 11,600
" I
Tohoku 7 2,962 8 16,430 0 0 15 19,392
1] H’
33 15,556 60 124,780 6 | 1,072,560 99 | 1,212,896
Kanto
% gjhubuﬁ[; 9 4,674 20 45,688 2 320,000 31 370,362
[E] 4
e .
v L . & 8 3547 20 54,646 0 0 28 58,193
Kinki
H
Chugoku 1 600 2 1,600 0 0 3 2,200
Y
Shikoku 3 1,150 3 3,500 0 0 6 4,650
Domestic| , Y
6 2,245 14 19,200 1 86,450 21 107,895
Use Kyushu
I bk
Okinawa 0 0 0 0 0 0 0 0
i ME
Military Marine 0 0 4 46,788 0 0 4 46,788
%. > 0 0 3 5,298 2 360,400 5 365,698
Miscellaneous
EIPIEF /T 67 30,734 142 329,530 11 | 1,839,410 220 | 2,199,674
Sub Total
v PN
North America 0 0 0 0 0 0 0 0
HoFg ook
South Central America 0 0 0 0 6 | 1,768,600 6 | 1,768,600
7 VT
. 0 0 9 30,000 6 | 1,584,300 15 | 1,614,300
ity Asia
H .
If] KM
i Oceania 0 0 0 0 0 0 0 0
A 0 0| 5| 26810 0 0| 5| 26810
For | Europe
Export| o3 7 - NISE
xport| BT - NISEH] 0 0ol 0 o] 1] 317100 1| 317,100
Russia + NIS
el R’
Middle East 0 0 0 0 0 0 0 0
1
77. )7 0 0 0 0 5 178910 5 178,910
Africa
Hthir iy /et 0 0 14 56,810 18 | 3,848910 32 | 3,905,720
Sub Total
PN =
o Total it 67 30,734 156 386,340 29 | 5,688,320 252 | 6,105,394



402 2017F A X 2 —E > R BIHEEA ERET AAHR 2 —E ¥R

4 2017AEBEREARMG A E B BOL T (kW)

X4 Size| /& Small Unit | 7% Medium Unit | K%  Large Unit & Hoh
~735kW 736~22,064kW 22,065 kW~ Total
B SR B AR e N G I R I =~ =G < s R R = G B < s B ) B B = < G B < s B
Driven Machinery Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
= R
% m‘ﬁ% G 66 30,021 151 342,152 28 5568420 | 245 | 5,940,593
Electric Generator
KKV T
Water Pump W 1 713 3 3,000 0 0 4 3,713
HEAERE F 7212 mlgR 3 PRR 0 0 2 41,188 0 0 2 41,188
LIPS DM 0 0 0 0 0 0 0 0
Z DM i b GC 0 0 0 0 1 119,900 1 119,900
& it
Total 67 30,734 156 386,340 29 5688320 | 252 | 6,105,394
PRR 0.8% GC

W 1.6%

P16 20174 BEEREBAR I A EE R 2RI (%) B7  20174E B BRENBEAR I 0 EI S (%)

#5 2017AEM XS AEEABR )] (kW)

MU K5 (W) B Mo

Units Output Units | Output (kW)

0~146 2 90

AN 147~367 15 3830
Small Unit

o 735K 368~735 50 26,814

ANit Sub Total 67 30,734

736~4,412 143 269,052

oA 4413~10296 11 76,100
Medium Unit

736 22,0641 10,297~16,180 0 0

16,181~22,064 2 41,188

ANiE - Sub Total 156 386,340

% m 29.065~44,129 3 83910

Large Unit 44,130~ 2% 5,604,410

22,065k W~ /NEF Sub Total 29 5,688,320

& 7 Total 252 6,105,394
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£6 01TERBIAN A S — U o HRREEGEL O (kW)
K4 Size /N Small Unit Fiftl Medium Unit KHY Large Unit 2 W)
~735kW 736~22,064k W 22,065k W~ Total
H & a—-F| B o e o (=L W [EE w7

Application Code Units | Output(kW) | Units | Output(kW) | Units |Output(kW)| Units |Output(kW)
N—ZT— FREEM | BL 0 0 0 0 9] 1623710 9] 1623710

;L;]l Y¥—zu— F5EH | PL 0 0 0 0 0 0 0 0
5| IR s EM 0 0 0 0 0 0 0 0
% e XP 0 0 0 0 0 0 0 0
Z o MC 0 0 0 0 0 0 0 0
D";S]tfgfggthcfse s Sub Total 0 0 0 0 9| 1623710 9| 1623710
~N—Zu—FEEMN | BL 5 1590 13 49810 1| 95800 19| 147.200
Y—ro— FREM | PL 0 0 0 0 0 0 0 0
ERER EM 61| 28431 119 224634 0 0 180 253065
e XP 0 0 0 0 1| 119900 1| 119900
Z o MC 0 0 0 0 0 0 0 0
D"sztgg ;évatj\ Use & Sub Total 66| 30021 132| 274444 2| 215700 200 520,165
P43 Domestic Use Total 66| 30021 132] 274444 11| 1839410 209| 2143875
~N—zZu— F%EM | BL 0 0 0 0 16| 3449110 16| 3449110

H"j’ Y¥—zu— F5EH | PL 0 0 0 0 0 0 0 0
= | FETHEEH EM 0 0 0 0 0 0 0 0
% B XP 0 0 0 0 0 0 0 0
Z 0 MC 0 0 0 0 0 0 0 0
o S b ol 0 0 0 0 16| 3449110 16| 3449110
~N—Zu— FREEM | BL 0 0 5 26810 2| 399,800 7] 426610

f,jj'? Y—ru— FREM | PL 0 0 0 0 0 0 0 0
B EE R EM 0 0 9] 30000 0 0 9] 30000
e XP 0 0 0 0 0 0 0 0
Z o MC 0 0 0 0 0 0 0 0
F";ﬁ%“g’%g“"im Usgjr Sub Total 0 0 14| 56810 2| 399800 16 456610
#1473 For Export Total 0 0 14| 56810 18| 3848910 32| 3905720
~N—Zu— FREEM | BL 0 0 0 0 25| 5072820 25| 5072820

g |E-Z7E-FREN | PL 0 0 0 0 0 0 0 0
¥ |FFHHSEM EM 0 0 0 0 0 0 0 0
W T Xp 0 0 0 0 0 0 0 0
Z o MC 0 0 0 0 0 0 0 0

Public Use $EH & 3 Totl 0 0 0 0 25| 5072820 25| 5072820
~N—z2u— FEEM | BL 5 1590 18] 76620 3| 495600 26| 573810

g | E=7B—FEEE | PL 0 0 0 0 0 0 0 0
R | AR EM 61| 28431 128 254634 0 0 189 283065
e XP 0 0 0 1| 119900 1| 119900
Z ot MC 0 0 0 0 0 0 0
Private USE% O 66 30021 146| 331254 4| 615500 216| 976775
# Grand Total 66| 30021 146 331254 29| 5688320 241 6049595

Note : Code Explanation BL : for Base Load PL

: for Peak Load EM : for Emergency
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2. MERAHRZ—E>

]

ﬁ
Power Output

w
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No. of Units

B 402 344 15

861

2012 2013 2014 2015 2016 2017
4 Year

No. of Units

L
(=}
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49

35 36

31
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4 Year

Fod

4

¥
No. of Units

25583

2,500

2,250

2,000 1,906

1,750 [ 1630 1,694

1,500
1,367 1346
1,250

1,000 [

500

2012 2013 2014 2015 2016 2017
4 Year

K10 EREMEY Y Y HEY 22—V

KT 0ITES—FK V2 vV /I —K77v - 2T
EREGEIL AT A bEFE (KN)

BT AT A MEE
Number of Units 20 Thrust 1,148

¥ 1 I KA T A b
Maximum Thrust at Sea Level Static Condition

#8 2I7TES—Ky ¥ 7 Ly Iy/ y—KTuy S -V
EEREK O (kW)

-
lzsmﬁj 0~735kW | T36kW~ | 4l
2 2 %2
Aok || 0 | gy |
Application | Units O(i%);)lt Units %it\%t Units O(Et\%)lt
3] 7 3%
Fixed Wing Aircraft 0 0 0 0 0 0
AVITIH ol 6| 8052 6| 8052
Helicopter

mggmamn |0 o0 ol ol ol o

Aux. Drive Units

& #

Total

»
(o
o
ol
\&)

0 0 6| 8052

¥ 2 gLk
Normal Output at Sea Level Static Condition
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3. EiarE
#£9 7 I AROEMAERE #10 2 I AP oRALE
X Vi Size X o Size
e (o TR /%
Clase %ﬁﬁ%ﬁ;ﬁr 03 201245 [ 201345 | 201442 | 20154 | 20164 | 20174 Clase gﬂiﬁﬁfﬁglgf) 201245 [ 20134 | 201442 | 20154 | 20164 | 20174
Compressor Impeller Compressor Impeller
Class 1| O~ 100 | #3650 | #3057 | #4135 | L5 | L5 | 646255 Class 1| 0O~ 100 64| 64] 55| 55| 50| 48
Class 2| 101~ 200 |32.774 29930 35294 35,810 | 34,041 | 39,008 Class 2| 101~ 200 29] 201 20| 20| 20| 2
Class 3| 201~ 300 538| 574| 64| 668] 951| 897 Class 3| 201~ 300 18] 18| 18] 18] 15| 16
Class 4| 301~ 400 25| 260 310| 183] 196] 164 Class 4| 301~ 400 7] 18| 18] 18| 12| 13
Class 5 | 401~ 500 73| 74| 161] 214| 209] 239 Class 5| 401~ 500 16| 14| 16| 16| 13| 13
Class 6 | 501~ 600 21| 195| 25| 241| 233 173 Class 6| 501~ 600 5| 15| 16| 16| 14| 12
Class 7| 601~ 700 | 10| 232| 184 148] 88 Class 7| 601~ 700 18] 15| 17| 17| 7| 8
Class 8| 701~ 800 58| 33| 46| 35| 22| 38 Class 8 | 701~ 800 71 5] 5| 5| 5| 3
Class 9| 801~ 900 130] o] 81| 11| 25| 4 Class 9| 801~ 900 0] 10| 9] 9 4 5
Class 10| 901~1000 ol ol o] o o o Class 10| 901~1000 ol o] o] o o o
Class 11| 1001~ ol ol o] o o o Class 11] 1001~ 1l o] o] ol o o
2t Total™ 34,333 |31,310 | 37,020 | 37,346 | 35915 | 40,651 &l Total™ 131] 124| 128] 128] 90| 9%

Class 1 DHBEEHZ 728, Class 2 ~ 11O Z R,
As the Production number of Class] is too many, Total number only

includes Class 2 to 11.

iR
No. of Models

W

a1l

=1
T

300F

250

2001

100

L]

3 BRIV ITNIPXA I - TH D,
Every model is an exhaust turbine type supercharger.

¥4 AR, JERMEREAMELI00mmZ BT 5 &R T,
The figure shows total number of superchargers over 100mm in
impeller diameter.

JE AR HAHE (mm)

Diameter of Compressor Impeller

P11 20174 e A e 5 B O 8
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ASME Turbo Expo 2018 GTSJESR  FHludhs

FEBERHA

MEELTI1E20144E 5 5 ASME Turbo Expo® JE/RIZH PV TwES, BPFSETTEREREZIT) T EMNT
BEL, IGTCZI LD ETLELEOEHRHARICBITS X, T n s Ficni ) Bl L EFES,
WAL =¥ v OMERBICET 2HERERELTVET, JBR T — A HAADTurbo ExpoB a4 ) 3 &
A4 2 )V = — - Lillestrom® Turbo Expo T & 7R LCHHEREL, HARANELOWGMIEZEIC D ER 20N &
o6 HI2HEA» 5140 T3 HM, FHEREOHSA oTWET, FIDTRREIIEKZE VI FH 205 b 00
PEUHEBRASERT —F v 77N — TRk ko WEW) TRV P EWLEEET L, AHEAIC AIS N
TRRZITVWE L. ASME/IGTIE M4 L 3 FEERS 5XH12% Y, IGTCL EDOIEHEZNHEIIE R DA
FHICHT AWM EERHLTBY, BRICELTIEE HTETCVWRLEWET, 5B LEDMHRLTITE 0w
BEHRSINEER 7 SOV TIGTIEHE R ICKE B BnwFFoc, ZHhzwiRZaIdIomLlBH
WEHC > TV E T, FLE¥, B, ASME/IGTITIHIH OIGTC & [W Kk
T — A TIEERMY KA Y — D @R & KAl E R OR WZHRAEDIGTC2019D E/RICH BT 5 2 L 25 Ef S h
iz fivwg Lz, KR Y —I1ZGTS]D K A20184E B fit THEY, WIIBRHEEDRS L 22D TIE R L HifF

&, HROHN A —C YREREMAT L0021 LTBHET,
T¥o SN T 8 HIZHIME L 7z Asian Congress on
Gas Turbines (ACGT) 2018%, SE4EE /v v X CTH
9 HIGTC2019D 1A EF L £ L7z, F2RAWIE,
(DIGTC2019 ?1st Circular, (2)GTSJ¥X/8 > 7 L v
b, GARDOHT A Y —¥ v HHEEESH S 7L  b,
WEEA—LDAYDZUT 7740V (Bhilet), (5)
ACGT2018D /3 7L vy FD5ETLe T 2250
WHEL, ZUVT777ANVICARTEALEL,. Th
FTLD HNR— A TRATPNEFN A, BT
LTHAABEBREO G ZWE L T HWE L7z,
VHOT—=2ABERIZT—F VI N—=T DX =72
JTIRED T, EBEEERSEOL 24120 Tz vz

GTS] 7 — A

ASME Turbo Expo 2018 &k

HAF A ¥ — ¥ YV EAHBR

BT S

J )V = — - Lillestrom T B f# ®ASME Turbo IAC member @7 5IXIGTC2019 20} 7-CBhs %%
ExpollZ ML TEWY T L7z, BR7—AHED S MH Bn772&, TOANAFEBERLRZIZETL.

HEzh, 7—AZFBEHD 2L — X IZHEMT L L8 Turbo Expoll B E - EBEZREARERGTS]A& R

T&F L7 7—ATIE, HBRASZA VNN—0D)4 DHREZFOTHICEY, SELEFIL, ZLTRE

EINRFIEORINICH 2, GTS]OMAi%, 8 HIC L7zHA%RLIENTEE L, ZOS2BHEY LT

BEDACGT (7Y T HAY—E &), 20194 B AL L EWFE 9,
DIGTCOMA V2L E Lize 7= RV HEF->TK
728572 oIz, IGTCRACGTIZBMTEL W)
Hdbwboleh, HEQLEHEIFEL LIFTn
HERKLFE L7, #ES2 HEIZIWXFER TG 5
Women in Engineering Event &L ®FKF IV T
S h, 2By y=oT7HET I L dt
o6 DT, KTHRMOFEIIETHINIFEZH
5, Do T HLEEEMEENTLEVE) TL
720 72, 4 lEH Turbo Expo #Ah 2 B fi L 72GTS]
International Advisory Committee Meeting &, i E;
MoGMEHNHL, SvFI—FT14 v Z7ORTHEL
L7288, 4R T v F 2 4 AORMAE W20, FfEL
A MZ ¥ T [Bentobox] T L, w7zl F L7z, GTSJ IAC Meeting
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OSOME % W53 %,

9, MFIERSAEA (REBAFHFRY) & IIGRIE
S (TRERY) ICefilinz B L (4 HOMEIE
WA s S hre), [EB T — 7 1 v 7oA
—E BT R RN — XY —A—] LHEELT
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BHAASY —C v HEEERT—T 1 » 7 ORF L FEH
LR | EELC, 1700CHAT Ay - Vg7 u Y«
7 M THDTWBAE#ETBCIZOWTHI L2, X512,
Z—FMH 5 2 thOHEEIITh NIz, PEHIK (JALT
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WIAZOWTHH L7z AREHEL TV LB (BH
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UHRERETH AL EDVBROENT, S 5T, RER &
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AR = HMBE LTHENEDONTWS &
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A =22V, MERE; R Sh, #FHE L & DI
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TN —va YOHAY -V U OEE, P
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D% OBMNHE DB  BIZE L Tz,
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