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Thermal Power Station (GTCC unit) Output
Hachinohe No.5 416MW

Sendai No4 468MW
Shin-Sendai No.3 train 1,046MW
Higashi-Niigata No.3 train 1,210MW
Higashi-Niigata No.4 train 1,750MW
Niigata No.5train 109MW

Joetsu No.l 572MW

Fig. 1 Placement of thermal power station
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Fig. 2 Supply and demand structure
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Fig. 3 Variation of DSS
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Table 1 Hachinohe No.5 start up mode/stop time

Start up Stop time
mode Before After
Hot ~ 10h ~ 1%h
Warm 10 ~ 16h 19 ~ 24h
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Table 2 Higashi-Niigata No.4-1 specifications

Before After
Gas turbine 275MWx2 298.8MWx2
Steam turbine 276MW 280.3MW
Combined 826MW 877.9MW
DSS x O

Table 3 Higashi-Niigata No.4-1train startup time

Start up mode Start up time(After)
Hot -55min
Warm -75min
Cold -80min
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Table 4 Higashi-Niigata No.3train specifications

Unit Minimum output
configuration Before After
GT x3
Higashi-Niigata STx1 300MW 230MW
Thermal power
station GTx2 200MW | 140MW
. ST x1
No.3train
(No.3-1unit) GTx1
STx1 120MW

$¢Same as No.3-2unit
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Fig. 5 Damage situation in Sendai thermal power station

3.2 BENOIMRE
RHARER TIE, HEROEI X 2 RIHEEs %
CHERR S 720 Fig. 612Alia KT TOHP IR 2 7R3

Tsunami situation
(in March 2011 Gmat East .rapan Earthquake]

Fig. 6 Sendai Thermal power station tsunami situation
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Fig. 7 Important install equipment such as electrical equipment
on the second floor and above

Fig. 8 Outdoor switchyard raised by 3m above the ground
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(Table 5) o

Table 5 Comparison table of tsunami countermeasures between
Shin-Sendai No.3train and Joetsu No.l

Power generation

equipment Shin-Sendai No.3train Joetsu No.l
(Commercial (No.3-1 : Dec,2015) (Dec2022)
operation start (No0.3-2 : July,2016) ec.
date)
Reference height GL.+0m= GL.+0m=
T.P.+33m T.P.+30m
Assumed tsunami G.L.+30m G.L.+37m
(T.P.+6.3m) (T.P.+6.7m)
Switchyard Installed above GL.+37m
GL. + 30m (T.P.+6.7m)
Recovery period 6 months 6 months
Tide protection Seawall (G.L.+3.3m) .
measures Soil dam (G.L.+ Planting around the
5m) equipment

Recovery resource
measures

Equipment layout
for water tanks and
light oil tanks to
avoid direct hits by
tsunami

Water tanks and
light oil tanks are
planted to prevent
damage from
drifting objects
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Table 1 History of Moka Power Station

Ons-site investigation (Moka 5th Industrial Park)
Basic study, starting F/S

2012/7 | Project team established

2013/3 | Environmental assessment started

2014/3 | Basic agreement reached with TOKYO GAS Co., Ltd.
2014/4 | Entered into EPC contract with Fuji Electric Co., Ltd.

2014/9 ggwle;dsupply contract concluded with TOKYO GAS

2016/5 | Environmental assessment completed (38 Months)
2016/6 | Construction work started on site

2019/10| Commercial operation start of Unit 1

2020/3 | Commercial operation start of Unit 2

2011/7
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Fig. 3 Gas turbine
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Fig. 4 Inside-scape of No.l gas turbine building
[Gas turbine enclosure (right side),
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Fig. 5 Heat recovery steam generator
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Fig. 6 Inside-scape of No.l steam turbine building
[Exhaust steam duct (left side), Generator
case (right side) |
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Fig. 7 Landscape of Air-Cooled Condenser (ACC)
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Fig. 8 No.l ACC under construction
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Fig. 10 Gas turbine transformer
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Fig. 1 Large frame gas turbine development
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High-performance and high-operability enhanced air-cooled

combustor is adopted to increase turbine inlet temperature.

= Validation of the enhanced air-cooled system has been
completed.

= Gommercial operation has been implemented at T-point
(more than 11.600 hours (completed in September 2019)).

= T1T 1650°C has been validated.

(3) High pressure ratio compressor (2) Thicker TBC
Similar to the M501H, a pressure ratio .ﬁ Thicker TBC is adopted to reduce
of 25 is adopted to suppress exhaust cooling air flow and improve
gas temperature rise. =1 performange.
(Photo: H-series compressor) - Application situation of thicker TBC

Fig. 2 Development concept of 1650C class JAC gas turbine
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Fig. 4 Commissioning and temporary large-scale measurements
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Fig. 5 Measurement results of enhanced air-cooled combustor
metal temperature
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Fig. 6 Turbine tip clearance control by enhanced air-cooled
system
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Fig. 7 Turbine row 1 vane metal temperature distribution and
inspection results after operation
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Fig. 10 Overview of JAC gas turbine inspection results in
March 2021
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Fig. 11 Technologies for carbon neutral society
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Fig. 14 Benefits of hydrogen gas turbines

KFEREN A - VORBICBIFLF =KL~ M,

HAZ =¥ OO TH MBS, BB OBIZE T
»5 (Fig. 15). HBtkTid, KEZ2ELBREIFIE L
PRBERF DB 2197042 5 FHNTTB Y, §TIZ30H
PLEDOMAEREZHLTW5E, FEICBWTIZJACES
AZ—CrRIILOTEZRURRETNAS - HOH
TAKNOXRBER (XTI 3 X<, ENAAFZE B S A #r—
ANV F— - EEHAMR AR (NEDO) (2 Z3#%
THE, ZORMBICYHMATY S,

KIRAT A L ARFEORBEHIRBER: (Ha, 30% vol) 128
WTRTTIRERZETLTEY, HEEHBREERICOW
TRRIEGZ =y = VI L TWBIGCCH~ VT~
T Ay BRBER e N— R BB RSP TH 5,

Large Frame Gas Turbines
H2 density
(R vy | s

Type 1: N2 dilution, 100% [ @
Diffusion Water/ 1970 2027
Steam injection Cogen/IGCC Magnum
H2 conversion
)
3 —o o
-4 Dry 30%

1982 2018 2024
DLN 30% co-firing 30% co-firing
test completed  verification
@T-Point2

Type 3: Dry 100% (target)

2025
Rig test completion
target

Under development

Fig. 15 Range of H; combustion technology

F7:, TYEZTHHICBWTIE, TAY -V URE
DOBEELTT Y EZT 2100%EHEMHT % 4 TkW
WHAY—E VAT ADRBICETFT LTS, 7 UE
=T OBEBRBETIX, MEH R OREE B L) BT
5 Z L THRAETZEFZRY (NOx) KA D XHIE A
ETH Y, Fig 1618 T B OHBHEA A5 — L~
(W4 HRW#HE) % xb412, NOxHEH & % K % %
Begr OBIE LA E 2 A G bR AT AT —E UV A
FARMEEL, 20254 D0 EMILZ HIE L TWwaY,

Mrcid, ThoKRE/ TUVEZTEMBLETA
F—VC U VAT LADRIIZEY, h—KRr 7Y —FEY

Fig. 16 H-25 gas turbine

ATFEDIFTA Ty TR ELIERL TV,

5. ¥8

Bl AL DM R i oh T, YHIZGTCCOE 4
BRI X BB IR F (L E ED DD, CO;
PHEX a0 YA THEKE T VEZTHAY -V
FRHELTCWLSB—F2y 7Z2{fHVwTWwb, GTCCOE
WAL, HA Y —E Y OERALSEE R L R
LTBY, BHdERED 2 JIBE - AT, BREEHHE
W22 v 27 o, BIERTBC, &IE T HkE %2 b
Heffi & UC#EA L 72k AR1650CHJACTE N A & — ¥
ZWE L7, JACEF A% —E Yy EUEID-D, &b
THNICHEET A 7 VEEIT S o5 El CE_TiH
M) ZHE 20204E 1 A2 S iildE A B L, #2800
12H RS KHBEORRETN A ERi L <, 1650C EfmTo
TACIEHEBHEMAYE, VERESE DM 2 MR L 72, %
DI%20204E 7 H 1 H X D pasdEii 2 e L, #—ERO
WEIRBEOSMRERIIRETH Y, RIISEEELAT
52 LMEALTWD, BUE, ZOJACET RS —E ¥
DOBELRLLREEEEY HIEL, T0200HMO—>TH
5 EBAMBM 2 B3 CTH 5o T TICT—EBO B
T M O FFEFEE R i CIEBRIBREE T C OB LN
ELTBY, 4%, £EAMZ S TEOBMHENIRGEH
R A AGAATE Y — V¥ VRS OREE, SLERENIIY
MELFETH S,

GTCCOEMBEAL L WATL T, K&K/ TVyE=ZTHR
5—C ORI EDTHDL, KERET A - D
FSICBIFLF =KL VM, HRAF—E VDL T
B B WRBELE, BT ORETH Y, RIRT A LKFED
MR RBESR: (H2, 30% vol) 2BV TIX$ TIChI%
ST, EEEHRBEEHICOWT L HESER I TH 5,
F7:, TYEZTHIHIZONWTIE, HAFZ—Y U/ RBED
PRELE LCI00% EHFIH 3% 4 TkWHRA A ¥ —E ¥
VAT LADBRBICEF L TWb,

WIS B BJACE T A ¥ — ¥ v 2k &+ 5GTCC
DELDLBNFLEED DD, KE/ TVEZTHA
¥ —Y Y ORZICHIY A, BikFEaoFEINT TR
LTw<o,

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/05/27.



Vol. 49 No.6 2021.11

1650 CRRIACTE H X 2—E > DIRKRESHDER 431

ZEXH

(1)

B =, BEHTAY —E rOEiR - SRt
JEEARIEY, HAHN R Y —E 245K, Vol 41 No. 1
(2013), pp. 53-58.

AR, B, ARE HHE, mEHEAL R
BIEN, JEH A Y —E v OEiEIEEFE 2 721650C
WMIACH A % — ¥ v OIS, ZZEETHH Vol 56 No. 3
(2019), pp. 1-9.

G, FA—R, AL MHEMEN, RN, B
KM, S50 CHIJACTEA A ¥ — ¥ v OFEMHE
AE, HARFT R & — ¥ r%45E, Vol 48 No. 6 (2020)
pp. 357-362.

Yamazaki, H., Nishimura, Y., Abe, M., Takata, K., Hada,
S., and Masada, ]J., Development of Next Generation
Gas Turbine Combined Cycle System, ASME Turbo
Expo, GT2016-56322 (2016).

AL, BFEHEZ T A, R A —v ra v g
Y RH A ZVIEERMORMIE, AW EAT RS —E ¥
Sy e )Rl 2 AR SCIR (2015).

—19 —
Download service for the GTSJ member of ID , via 153.121.55.14, 2025/05/27.

(6)

(10)

METE, JIMEER AHREY, AMEHICHIET 2
MHPSD A A & — ¥ Y Hiffi, HARF A& — U v 54505,
Vol. 47 No. 1 (2019), pp. 14-20.

PR, AR, SOREORES, AR, AN,
HHEHER, 1650CHJACE AT A Y — v 2548 T
Hh T IEREFE FE AL M C oIk, = 2EE THEERk Vol. 58
No. 3 (2021), pp. 1-9.

e, WINFHR, PEER, ARFEE, RLNEE, A
MIEN, #AZ—Y VRO 483D e & A o B
58, ARSI HAR A A 7 — & v 2 vg MR S i U
(2020).

WREGER, LM, ATERAY, HORIERE, RRIEA, M
HAHER], BRFHSICAT72KE - TV E=THEFA
¥ —Y OIS, ZEETHH Vol 58 No. 3 (2021).
ZENAT A, LRV Y=, WRGLE % LT
VEZTHEANTWN WAAS - Y VAT LD
EP H—Rr7)—RBOIA VT v TEIF, 2025
FEDEOEMLHEIET, (2021) (B H (20214 9 H16
H)) https://power.mhi.com/jp/news/20210301.html.



432 ABARAXZ2—E %R Vol. 49 No.6 2021.11

st o BB

Fiek - B KIIEIROEH] - HRBRDL & R R K SR B D 2

CO 2 - MIPURIBFERKIGCCOBHFERI & G B DIREIZONT
Development Status of Oxygen-blown IGCC with CO 2

Capture and Future Prospects

2

-
—

EYEal
e %
SHIBATA Akira

X—T— KN AR AUREEMBEAEE, AkA AMUBASE, FEAEER,  CO o 2 B E i
Key Words : IGFC, IGCC, demonstration test, CO32 capture unit

1. &8

IANF—BUOROKEARIZZE+STH Y, B“EHD
S (Safety) #wiits L7z LT, T ALVF—oREf
% (Energy Security) ##—& L, #EE#ELEOME
(Economic Efficiency) ICL AT A P THIZ R F—
s & FIEEICBRIE~ DA (Environment) 2ShEEE &
N5,

20184E 7 HICBUFEASE L7z [45 5 IR AL F—HAR
] 2BV, ARIGER SRR IS EN, &
WhaN—20— FEFEORE L L TRHMESI LTV 525,
FAEWRE T AV F — 38 ALK @Y I iR % 47
IMEENEELERATN TS, T2, Ao
LA BREHIIEARFEEBE I E M7 0 DCO P EDS
ERER L7 )=y a—VFr JaY—EsoERENIZIE
FILE Lo TWwh,

Fig. 1O MK FEERAM OB LUITRTHED, &
AT T AL A 5 ®E (IGCC, Integrated Coal
Gasification Combined Cycle) (ZxF3 % M fridm <,
20164F 6 HIZHAREEEB DR L7z [ IRIUKIIFRE
fRpu— P~y 7V 1213, BABRSTE (USC, Ultra
Super Critical) & 0 & CO 2 HEH = % IR 7T 58 72 Hlr &
L T, IGCCRIGCCIZ#A¥I T ith % A A 7278/ D E XD
FIERIPM TH 2 f1 A ALV R HE G IE (IGFC,
Integrated Coal Gasification Fuel Cell Combined
Cycle), & 5IZCO o 53 B O FEL AT H T
Wb,

COX)BRROT, BHAFTI KRG — VP =T
OY s M, IGFCECO 4B X F A 2 LA A b
e FHARFE AR KT EBEBOFEILZ HIg L, 2012 4
FED DR B OMBIERE L LChMEL, 20164 KD
SIZE B AT T AV F— MR AR

RS 202148 9 A13H
* 1 K7 =Ny = V0 HAfrssirr s v —7
T725-0301 2 FHAR A _L 5 0] i BF6208 7 1l 1
E-mail: shibata@osaki-coolgen.jp

#H#E (NEDO : New Energy and Industrial Technology
Development Organization) OB FE L L Tirbh
TWb,

R hRERITOREM R, EEECOREL

T 2025 s mame

wRUE ARG EEHBESTR(GTFC)
650 GTOCES EHEDTR
ﬁ M MATORR
BRI —L ViR w* v @ GTEE
—py Co2RE: - 280g/KWIE g o
wma r— sEaTs : 2025 5w BENS
W‘f AL Cen O, K2Wa
60%  pamdiS e RRDE : S7uEE
E-da« ozt : 310g/kwn 17D°tmG.TCC
S ; 20200 NS CO, #1385
CO, 1150, ® IGFC
55% ?.iw—E;/JlﬁﬂNNKGch)
PRI SRR, 1 3 TGFC
s bz%ﬁr; CO, K280 BRI ST ( )
co2sts : 340 ki * . 160CES AL
Py i \ 4 W8 TORMIN
ERHWRAMARS LY (AHAT) \ A
509 P RITBED WHIMOLNG 7 B9, RS0, \ con : 590g/ Wi
FROWAT. KEGTCCLORRNF 1700°CHRIGCC

RRNE : 51w
conrs: 3s0gnan_@TA-USC
AT : 2017 SRS \

\

IGCC (1:0}11:) et IR (A-USC)

i 7-EoA
* H
BRRERA - e "
40% @ BE2HAE (USC) y sl e e
ST . s ——
EART %R sy 201GEEREE

coaiftt : 820g/kwnEA

45%

st 5 12, CTEEALEGD.
R/E 20204 [
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Fig. 12 Low temperature operating sour shift catalyst facility
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Table 6 Demonstration targets in the third step

FERERRER H BR

CO2 3 - MIXIGFCRE % (500MW#HE) & LT, CO» MR
390% D 4T, FEEAYFAT% T (BB, HHVH?) HEOD
Rl L Z#5.

¥ RERIESEER e A F TR (IR T)
haEEnw),
¥ 2 1 s L

5.2 5 3ERREEIEBEEDESKRT

5 3PS IZ20194F 3 HICHELR MG L, &l o fEflEk
B2 R C20214E 3 AR L 25 L L7o, bRl
20224% 3 A BtG3 25 M Tdh %, Fig. 151CSOFCE
Va2 —=IVOKY) Y F OFig. 1612 AEDBBRI % 7R T

2R COHE I

| SOFCE Y a—iL 23k

Fig. 16 Third step construction status (August, 2021)

6. CO.BxFIRICET -V HA

AT BAE, 62 BEBE TN L 72CO» % AL - B
BL, HWERTEH—KRY ¥ A 7 VETOME %
BHTW5h, BBEMNICBWTY, $TTIZCO A%FH
WFEBSNTBY, & L<, BEHEH I T
F I AR S L L FEEE L Cw B b b SRR R
SN A FIRE AT A 7R, R ETE IR LAY
L BREREMN 2> 2 1) — b [CO2-SUICOM] 7%
B0, AR LAWK L, COA%FIH O fE

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/05/27.



438 CO4 - ENEFERIRIGCCORERRESEDREICDNT

AEAHR 2 —E ¥R

PEZBR LT FETH b0

F 7z, 20224F A 0E, CO2 4 BEmIN - Ak 7 vt A
FAFRBRZ ERT LI CTH Do T OEEREIL, & —
RY)HFA T NVOERIZT, ARKITHRCO DR
b - e &2 BLEPIC A7 TH BRI + CO L ik 7 a
Y A] ORMI AT LAORFEHBE LTS, HE
20224F- FE @ FERE BRI AR 2 JE 3 B, CO o 43 - Il
1% FKIGCCEA~DWALCO » Bk i 0B % (Fig. 9)
I, BERREME, MAEE 1T TV,

7. CO BMFIAMAILHEESZ

HAE, K 15 oOFRET 7T Ic B TiE, HEo
WIERRKEED, COAMAMa > 7 ) — bR bpim,
NWAF TR, WHEHE o7 —=R )4 7
B OFREABR L FET 52 & & o TW5S

Wbk, WFFEML RIS 72 LR R, CO2 4B
2> 5 DCO 2 7 E XM RIS L E R T —T 4 Y
74 O EAT ) RIEICTH Do ARFHZEIZ20204E 7 HIZHH
AL, WIZERsICfRZEEE2 /T, 20214F 4 B8 T
Haed L L7, Fig 17TICCO A RIFI LS o FERE 1)
TERIRT . SRR HES LRELITORP S, W
iz o T,

Fig. 17 Demonstration area for effective use of COz

8. SHROEE
rxrTalzr M, sV—ra—-nvrr/uav—0
12T BHIGCC / IGFC K USCO o 43 [N D FE B 7]
TR ATH b, BIEEHRBRTTH L5 2 KED
CO2 4B « IR ZKIGCCIC X 0, RBERTCO » 4B
EUEM 2 LS5 2 8T, =R UF A 7 VEd=
CO. ML (Carbon dioxide Capture and Storage)
EOMAEDLRIZEY, =7€¥uLI v v a yKID%E
BIR K FHENOERNFRE SN D FFITH =K ) ¥
A7 VERIZOWTE, [H—Kr ¥4 7 vEiio—
P~y 770 RESNTBY, SHIIkL LH oM
5, ROEREZHFEL WL E RS, BBV
b, KW FE O FEFENFFEH s AL S ONCO 2 55 B 01 i
PHDOCOWHEBLT, H—F ) ¥ A 7 VIFED
HEEICEBL TOWLFHETH %o

BT, H1EBOMKEIRIGCCIE, BV EAMNE

HAMIC L2 HAETNREL ALY — L O, 4 3EBD
CO 2478t - MVMIGFCIE, CO2 % 4Bt L DO 24
LEMEBEOERE L TL2HMTHY, i
[BE+S] ZHALTLHARD T AV F—HKHKIZ D EHMK
TELEEZ TS, F72, BIHBAFEEIZ20304F Tz
FIRHE504E % 30 2 2 B T2 B VT, BEREFS BT ICHT
T AL E N INT 27 v 7 A 2V RITH) 2L %
HiELTHBY, ATy cy el U THIELEEZ
MO THHILT 25 2 2 EKP L TW5BE,

LB RIGEZ — VT Tuad s bosgE KROK
5 & oCO AR R SAL SN, 24 - sl O
Raef—e L, RERSICHEZM LA, FFEICH
DTV TH 5,

BEE

A7ay s M, EAGLE/S/4 1 » MR, NEDO
LRFZED [HRRHE M Is B ik 7 AL A 5 B st
FEIE] ORBEE KL 72D THY, RFEES
NEDO, ZDMWEEHOMBEND T3, IHEEIZHEL
EHoEEFET L L LI, BlEE IR, JiREE B
WL 72wy,

2 EXw

(1) AR KIIFEEORYEBIC T 22 H s, it/
KITEBIARLEM T — F= v THEMNSEERE,
<https://www.meti.go.jp/committee/kenkyukai/
energy_environment/jisedai_karyoku/pdf/004_02_00.
pdf> (B H 20214E 8 H27H).

(2) FHEEE, H—KRUFAL 7 MIZD0T, <https//
www.enecho.meti.go.jp/category/others/carbon_
recycling/> (ZHH 20214 8 H27H).

(3) RFEXEH, W—KYIUFAINVICA=ST T4 T
< https://www.meti.go.jp/press/2019/09/20190925005/
20190925005-1.pdf> (ZHEH 20214E 8 A27H).

(4) EH B, W A%, MK R, IEE 5, kK% &
i, W W&, SOFC-MGTNA 7Y v RY AT LD
THFE AT 720D LA DWW, ZZEE THEIR,
Vol55, No4 (2018).

(5) AEIRBHFERR, rREEIE, RHIAA R KIISEEIH 5 b
YL 72COAE BRI T 72 ETHT DT
< https://www.energia.co.jp/assets/press/2019/
p190605-1a.pdf> (ZHEH 20214F 8 H27H).

(6) A —HR) YA 7 IViEFEERZE2020, 7 —K )W
A 7 VEEGEWFGEL T OB - S N OVEREWFSEIC S
Y HLAZDWT
< https://carbon-recycling2020.go.jp/movie/r-info-1.
pdf> (BMH 20214 8 H27H).

(7) FEFHEES, H—K VA 7 vEiu—-F~<y 7
< https://www.meti.go.jp/press/2019/06/20190607002/
20190607002.html > (ZHH 20214F 8 H27H).

(8) TEVRBAIEWY, GENESISKA Sl I o> B s 52 2B 5T 92 fti |
FjF 7= #E AR AR DWW T
< https://www.jpower.co.jp/news_release/2021/04/
news210416_2.html> (S H 20214E 8 H27H).

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/05/27.



439 BAHZX 2 —E 25

Vol. 49 No. 6 2021.11

g o Bt —

B - EEOKIEIROER - BEFHRDL & 1R K BHAT O Jie 2
CO 2 5 B MPI E3¢ Bi O v JAL A 1 U 72 e Bl 1)

Latest Trends in Commercialization of Carbon

Capture Plant.

F—7— K COBEmIEAN, CCS, CCU

N
BN ™! T8 gy

HASEGAWA Keisuke CHIBA Noriko

Key Words : Carbon Capture Technology, Carbon Capture and Storage, Carbon Capture and Utilization

1. 88

HERIRIZ L IZ R ILBOEERECH Y, 20154121
1278 TR S N 7-COP21 % #% T Hb BRI IR L %) 3R %
CHRURENZEE OV 220164511 I TS
720 28 T TR O P 5N 5 % S AvET & 1
WL, 2ERICHAZLZENBTFLNTVD,

COHBER O 2D, RN A O
PLEETHY, KPDEBEBRREESTH CTHRAET LI
AWZEENLCO, % 5 HERILL T oo i B e - B
3 %CCS (Carbon dioxide Capture and Storage) K O
COZAH%FM 3 5CCU (Carbon dioxide Capture and
Utilization) »%FEH SN Tw5,

HEIANTF - AT 5 AL T 5CCSRCCU
THEREHZRZZT, 72056 DCO, 55 # bl IX
R0 e ERLEZEDTVWD, 22 TiE 440
CO 2 5 BERNLBEAR OHLY A% FIT %o

2. COEtEMRFXIT
2.1 CO. 7 BfEYRG X
KRNFEBITTIAET HHA AEINLHCO 2 ER
& L7288 DCO 2 s BEDNEA X, Fig. TR$ #RBER
WU, B ARE DT X ORBERT IR KD =212k
S, BHE, PEA A2 5C0. & IS % PRBER Il
WHREZRH L CTwb, TolRL, Brikakdi & PR
ORI LCTEMTE S 2 &, KIJFEREITIAT
LY AD BT & T REFEDE THRAET HPET AT D EH
TEDH 2RI AHCO D—ER3 72T Z LT E %
EVo KR GERDP R TH L2 EDEL DK ER
T %o
2.2 AEFRIVEIC & BRAKEREIR TG
BRBERZ 1D 312 & % CO o 73 B DN 12 13 Fig. 212

JERSZAT 20214 9 H24H
¥1 HEZIANVEF—T AT AW
IRT =Y AT KPEFER v — YA ZOVENE - Bl
CO2 7 #E MR BASE - YRV — 7

CO2
H20

e  F T H20
Bt = EP = Bl = CO, 535l == N
—— s S 02
CO,
o e
L\ IR EIR S =

Post Combustion Capture (PCC)

co,
=R
BRI A T
Oxy-Fuel (Firing)
CO:;
co’ H:0 e Hz
- nzo 2
2 | —EE B® —LW— CO 38 —»HRAI-E>
:g m
co
7 0, g ZS <2
e Gl BRGERIEIIN S

Pre Combustion Capture

Fig. 1 Comparison of CO2 capture technologies applied to
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Fig. 6 Carbon capture pilot facility at Mikawa Power Plant
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Fig. 9 Trend of CO2 capture quantity and CO2 capture rate
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Fig. 12 Application of carbon capture facility for gas turbine
combined cycle plant
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Fig. 13 Small pilot and test system at Saga waste incineration
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Fig. 17 Captured CO:2 flow rate
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Table 1 Outline of major components

Plant Type ‘ Combined Co-generation

Major components

Type : L30A-01D

Fuel : City Gas (13A)

Power Output (generator terminal)
:32.3MW (@15C) /unit

Number : 3 units

Gas Turbine
(GT)

Type : Vertical Multi-pressure Natural
Circulation Steam Generator
Heat Recovery |Steam Output /unit :
Steam Generator | HP : 9.3MPa x 478°C x 34t/h
(HRSG) LP : 0.6MPax200C x 12t/h
Number : 3 units
Feed Water Temperature : 20C

Type : Back Pressure Extraction
Reduction Geared type
Power Output (generator terminal)
:105MW  (rated)
Number : 1 unit

Steam Turbine
(ST)
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Fig. 3 System flow diagram
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Table 2 Outline of major components

Plant Type ‘ Combined Co-generation

Major components

Type : M7A-03D

Gas Turbine |Power Output (generator terminal)
(GT) 2 757TMW (@15C) /unit

Number : 1 unit

Type : Horizontal Natural Circulation
Steam generator (with Duct burner)
Heat Recovery |Steam Output (by Duct burner) :
Steam Generator| Superheated : 2.19MPax453C x15t/h
(HRSG) Saturated : 244MPa x 225C x19.7t/h
Number : 1 unit
Feed Water Temperature : 35C

Type : Condensing impulse type with
reduction gearbox
Steam Turbine |Power Output (generator terminal)
(ST) 1 355MW
Inlet Steam : 2.19MPa x453C X 15t/h
Number : 1 unit

Plant Output (Planned value)
Power Output |Total : 11.12MW (@15C)
Steam Output |Saturated:0.8MPa x 175C x0 ~ 38.0t/h

with ST Operation : 66.7%
without ST Operation : 92.8%

Total plant efficiency

Fig. 8 Plant layout
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Table 3 Examples of operetion pattern

Power Output Steam Output
Operation pattern (GT+ST) (Saturated :
0.8MPa)
(OGT+ST+Duct Burner 11.12 MW 19.7 t/h
@GT+ST 1057 MW 0 t/h
(3GT+Duct Burner 757 MW 38.0 t/h
@GT 757 MW 156 t/h
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PIV Measurement of the Flow Field Near Trailing Edge of the Low-pressure Turbine for Aeroengine:
Investigation of Relationship Between Blade Boundary Layer and Flow Field Near Trailing Edge
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ABSTRACT

A

FUNAZAKI Ken-ichi
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YAMAZAKI Haruki
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NAGAO Takahisa

A1 PER*?

TANIGUCHI Hideo

This study deals with PIV measurements of the flow around the trailing edge of low-pressure turbine for

aeroengine. Since this area, called base region, is greatly involved in the aerodynamic loss evaluation, detailed

measurement of the base region is strongly desired. Thus, our research group has been conducting several studies

focusing on the base region of a low-pressure turbine (LPT) blade. In the previous researches, we measured base

pressure, however the flow field near the trailing edge of the blade wasn’t investigated in detail. In this study, using

a large-scale cascade, we investigate the relationship between the flow behaviors near the trailing edge and boundary

layer around the blade under the unsteady flow condition with the wake inflow generated by the wake generator, along

with the steady condition measurements without wake inflow.

F—U—-F I REY-E Y, WFEREAEHIE BRER N, R, R
Key words : Low Pressure Turbine, Particle Image Velocimetry, Boundary Layer Flow, Trailing Edge Flow, Wake
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Table 1 Main symbols

T : Wakesis# i # [s]

Tu : FHAELIE [%]

vixt) HEXRZ MV [m/s]
Vit A, 534 [m/s]

C :#Wa—FE [m]
Cx:#ia—FE [m]
Cpp : N—=AEIRE [

k ¢ 2 WOCHLIES) T AL F
[m?/s?]

Pitch : ®EF ¥ v 5

Re: LA 7 IVZA¥ [-]

St A ba—r v [

x x JEEE (h, AT
vy yEEEE (€ 5, TE )
PS, SS : IEFE, A

LS [s] TE : Rk
2. RBRFE
2.1 KEBRKE

Fig. LCHEBEEZ /R T, KUK TIE, MY LEA
FHRT & — ¥ VB OYLKT TV % F v 72 RS % i
LTwb, B a— FEIZ0.308m, #ifi2— F&Ki30.270m,
HYE v 571320240mTH %, EHF LiHIIZES 8 mm
DOHEEZ 2 REAE L7z AR — 7 MO BT I A28 % 7%
TBY, BIRICHEATLEHEDL> S ORWNEZR (DR
Wake & IF50) & AHXT I L T %,

LA VAHReE, 2 — FE, B 1YYy F50l
ESGE (R CTIEHEEORE S2mELHT) B
X OB CTESR L TV b, Wakeii i 5 3% B o ik
T THHA M= NVESHIKR TEFHRENS,

c
A
ST, VREEV ALYy F Y, LiRilh
JE Tuld Re=100k 51 T1.0%, ZDIE DL 4 7 )V A
TIE05% & 72 > T B, RWFZETIES=0.00% % H# 5=,
St=0.36 (f=38 [Hz]) &thxIEeHEMLEML TS,

St (1)

Wake generator

Fig. 1 Test section

2.2 EHBIHRER

2 WICPIVEHI O BE O KL W02 (A L 72w i B
# A F1¥Phantom V1210 (Vision Researchfl) T3 %,
L~ Z1Z1¥Nikkor 50mm £/1.2& AF-S VR Micro-Nikkor
105mm £/2.8G IF-ED%Z M L, #i# & ) L 7zPIVEt
Wz [REEH (Wide) |, #% % [FA1EHI (Detailed) J

ERRLTW5S, ¥ — FBIZIEPIV Laser GI5000K (# F
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Dynamicstl) IC& > TEALTWS (X —h — {1kl
BT E7+ 7OFPHRTFRINL pm)o MTFEMD
2 1EDynamicStudio6. 102 H L CTH 0, ALEEI
IR A0 —FE T & 5 Adaptive PIVEERH L T %,
2.3 EBREM - ETRIRG

Table 2IZAMIZEIC BT 5 EBSG LY 7Y Y 7
B ERT 7)) AR, FHEIENICB W
TR DR T DI KB R A 6 pixel LT &% b X9
RAEL TS, ZHUIERE O T #E)& 5 ~ 10pixel”
DOHEAEIZHIL L TV D, FHUKEEI206sTH %,

Table 2 Experimental conditions and sampling frequencies

Steady Re=100k Re=130k Re=170k
Wide 4,500[Hz] 6,000[Hz] 7,500[Hz]
Detailed 22,000[Hz]

Unsteady Re=100k Re=130k Re=170k
Wide 6,500[Hz] 7,500[Hz]
Detailed 22,000[Hz]

2.4 EHBIEDEE

2.41 PIVOERZER Fig 2lIAKFHIIC BT 5PIVO K
BERART o JRIEHI TR G OB /7 1) & PIV O JEAE
=T 5 EITL T Do FRIEHICIEZFHI T
IZBWT, REERGAPIVEERO ylli e —3K$ 5
XHITL T3,

¥ [[]: Measurement area

i

[s]

X

Y&W}' (wall-normal direction)

X x (flow direction)

Axial chord length [L‘xlv

For wide area measurement For detailed measurement

Fig. 2 PIV coordinate systems

2.4.2 H®EFHEE MAMHEINIA (Interrogation Area)
DIERITIEIEFH & FEMIFEHN TR 7% > TV %, Table 3
WA FIRO KR & 2R T INHEHITIE, Eho b
MR ECBALT 2 72 OMAEFEILOILIRZ E I & L,
FEMIEHII T, BMBEARE RO ZM 5 RiEE RS
7O ITRAEFIROE S i/ LR HEME LTW5,

Table 3 Interrogation area sizes

Condition IA Overlap
Wide 24 x 24 [pixel] | x-wise : 67%, y-wise : 67%
Detailed 24x16[pixel] | x-wise : 67%, y-wise : 50%
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Trigger Pulse from Wake Generator
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I 1 : time
I 1 1 Time-resolved PIV

7L
T iy

' ! PIV Data for Ensemble Averaging
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Delay Time

Fig. 3 Synchronous measurement method
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Fig. 4 Time-averaged flow speed contours for three Reynolds
number conditions (St=0.00)
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Fig. 5 Instantaneous spanwise vorticity component contours
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Fig. 6 Time-averaged flow speed contours for two Reynolds
number conditions (left ; St=0.00 / right ; S=0.36)
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Fig. 7 Phase-locked averaged 2DTKE contours
(Re=100k, St=0.36)
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Fig. 9 Time-averaged flow speed contours (upper: suction side,
bottom: pressure side) (St=0.00) with an explanatory
figure for reattachment point detection

4.1.2 BEEERE Fig 101Z1E - AFEEETHS AP
B 2B RN 2 R L TR Y, #Efld
BEWI AR TRy FCERITCILL 2D DO TH
bo BEBOWHEIZDOWTIE, PS 47%Cx & PS70%CxiZ B
LI cioe it L TB Y, Zhlitol;
T O3 75— & 1358 g Ak o I ] ~1- 2 die KU o8 C A
KICIL LT b, Fig 11ISR§ #EERMSS/ A6 O 8 6
L FED FABETH 5o Fig. 1005895%Cx K UPS47%Cx
2B BB R ESAIIEMMTH Y, ThENE
475 MO T & O L3 0 i A o FR e 2 2 L
TWwb, F7z, Fig 11205, BEEHRBEROFEAF 5 5

T (SS95%Cx, SS99%Cx) 1, k3 25 & 9 12HEk
W SOMHABBITLTL B2 L2 L 5 THERMSAY/
Pitch =002 TY — 27 %47 LoDy F AN H#ERMS
PR E L TWbe —J, WEHETRHIEEL O FAF 4 T
B (PS47%Cx) Tldy/Pitch =004F TITIF— Kk 7wk
FERMSHIS AN, THMIEERMSAME L TV b,
%8B, SS95%CxDEERMSHAIZB VT, v/Pitch=0.08
I CRMSOBIMA RSN 525, THREZHEHSICE
AR TEBEL o/l X )T ¥ LIVIEEN
EALL-CEDHERNTHLEEZOND,

ik O B ETHEERMSICH#E T 2 R 2 £ 53 5 72
¥, Fig. 12125599%CxlZ 31} 5 i % & 3 R IG5 H o
I B RE % 78§ R 13y/ Pitch=0.020 7 — % T b,
COFHEIZHEERMSS Y — 7 I2ET AMIETH S
EXSIEC, iE HERES, EHEESTHY, Wl
IO TR L T b, F72, Bomi
EEEHEIMEZ RS, 72, ZORMTESME»SFHE L
TRBREH A KPR A STV S, FEO K&
JEX Y, BRSPS LTk & 72 55 3%, A
LIAREMICHALTWA EEZ bNL, EE, |l
5 OFHNCCHIETH ORBEE A DA U7zB & EAT) s
SS99%CAIZHA L TWB T EAURENT WS, Fig 13
WA H 9 DS2DPIVEFI L 72 5 L35 o © W i 3 5 %
LGB REY 2R T (Re=170k) s DD 5,
[T 7y [ R ol PR s N NV RN A7 s VAR VY
ATE, Fig 20mELEH A% EMNIT TS, T2,
ZHCHEDE THRE S R EHRE S AL T b,
Fig. 1412PS97%Cx 2 BV % it 74 & 15 L@ A% 55l o By
B % 7”9 Hidkidy/Pitch=0.006 (1F ) Ta 55 5L 4%
BIIFIZHY) OF =% Th b, mEe B R E R E
ORMERZILLE, AETMTRONIZ L) RS
ZIROEBIFHAELTB S, A8V AR E RS 5
fi (Fig. 5) #*5 $Fig. 130 X 9 % “kTchymiid s
ELTwRVv, —F, FHMHEICH L TRELED) N
bNB% 437 (1=01~02 [s]) DAAET 5o 2
DG % RS 5720, Fig. 1512PSI7%Caf 12 B 1
By T & A8 M ER G2 v 5 — &R
¥ o WEItIEFig. 1412 381) %1=0.00 & t=0.15(Z %5t L Tw
%o 1=0.0012 LT r=015TIR B < Wy J5 i A3 1E
O (KT bmE) 2 EIC)E S FELTW
LI bhb, ZOMRRILHBAIC D > Ty hlnitE
DEALZFRTHHEL L LT, Wiz 4§
D (i) 2ZF 52 ENTE D, FEE, A L0
115 72LESHATIC & % &, 1E 1Rk A WTTE 20 S o
SNziE, BUBEZICTEA S SR 3 RITH 7 i
AERL, BEBABHELTOL BRI TEY
AFETELZONTZOHREFIDLTWE EEZL
N2, #LT, PSI7%CxIZ BT 2B RIERSHOK X
T BEENETEANT N & R0 & HER S N2 S O TEA
PRNTHDLEEZOND, LaL, SRO2DPIVOA

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/05/27.



468 MEI YV REES-E BRRBIERNEOPVEHI—RARREAN CRRRIERNGOREERE—

BAH RS — €L %2

TIIHERDOAAEZ VAET B I23A T TH Y, WEmz
BN 5% ERRLHEEZT) TETH 5o

0.10 0.10
0.08 _um 008 | 4PS9T%Cx
E 0.06 2 PST0%Cx E 006 } < 8595%Cx
é 0.04 E_ 004 | =5599%Cx
0.02 0.02
0.00 " P} 000 Lo XXk a8

000 010 020 030 040 0.00 0.20 040 0.60 0.80 1.00
ViV VIV

Fig. 10 Time-averaged flow speed distributions (St=0.00)
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Fig. 11 Time-averaged velocity RMS distributions (St=0.00)
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Fig. 12 Time histories of flow speed and boundary layer
integrals at SS99%Cx (St=0.00)

Fig. 13 Fluctuating 2D velocity field over the suction side
measured by Nakahora® " (Re=170k, St=0.00)
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Fig. 14 Time histories of flow speed and boundary layer
integrals at PS97%Cx
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Fig. 15 Instantaneous normal velocity components and spanwise
vorticity component contour around PS97%Cx (St=0.00)
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A Study on Water Droplet Distribution of Primary Atomization Generated
by Water Film Disruption in Airflow
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ABSTRACT

L
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L

NAKANO Susumu

Droplets of the primary atomization generated by disruption of water film, which flows on a plate set in parallel
airflow, are observed by a high-speed camera to investigate effects of airflow velocity, a flow rate of the water, and
a thickness of the plate edge on the water droplet diameter distribution. Although the airflow velocity and the flow
rate of water affect the distribution pattern, the thickness of the plate edges has little effect on the distribution pattern.
The distribution patterns of the primary atomization were approximated by exponential functions whose exponents
were obtained by performing multiple regression analysis. Modified breakup model that is focused on a water lump

accumulated on the plate edge and its disruption frequency is proposed. Spanwise unstable wave length of the water

lump is compared with calculated and measured one, effectiveness of the modified model is shown.
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Fig. 2 Cut model of test section [units: mm]
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Fig. 3 Water film breakup patterns (Qw/b= 29.0 mm?/s, R0.30)
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Fig. 4 Effect of airflow velocity on droplet distribution
(Qw/b=14.5x mm?*/s, R0.30)
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Fig. 5 Effect of water flow rate on droplet distribution (R0.30)

0.1
e R0.30

T 001 | £y 4 R0.60

£ ek
= - ™ R0.90

> S

& -

g 00t AN U, = 54.4

5 B N P Am/s
- B, G Ot
S 0.0001 | " A - -
N * [ t N .A‘. .

© S wa

2 v g I

S 0.00001 | L Ta
e U, =136 m/s :;:tﬁ'.“ ol =81.6m/s

un U, =1088m/s
0.000001 * * *
0 200 400 600 800 1000 1200

Droplet Diameter[um]

Fig. 6 Effect of thickness of plate edge on droplet distribution
(Qw/b = 29.0 mm?/s)
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Table 1 Sauter Mean Diameter (R0.30)

Qw/b Airflow velocity [m/s]

[m?/s] 54.4 81.6 108.8 136
14.5 517 322 244 200
29.0 530 332 248 208
58.5 551 348 267 223

Table 2 Sauter Mean Diameter (R0.60)

Qw/b Airflow velocity [m/s]

[m?s] 54.4 81.6 108.8 136
145 503 324 242 204
29.0 518 340 258 215
58.5 549 359 273 228

Table 3 Sauter Mean Diameter (R0.90)

Qw/b Airflow velocity [m/s]
[m?/s] 54.4 81.6 108.8 136
14.5 509 328 249 210
29.0 515 338 255 218
58.5 548 364 277 235
600
® 14.5 mm?/s
— A 29.0 mm?/s
500 F
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S 400 |
Q
@
5
3 300
c
T
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S 200
g D,, = 3.21 X 104U, 1038
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8100 } Dip=3.19%x10%U, 1030
D,, = 2.82 X 10% U, 099
O 1 1 1 1 1 1 1 1 1 1
0 100 150

50
Airflow velocity U, (m/s)
Fig. 7 Sauter Mean Diameter (R0.30)
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Fig. 8 Exponential approximation of droplet distribution
(Qw/b=14.5 mm?/s, R0.30)
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PLEX D, B OMEICIEATEED R DMV EZ T
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Fig. 9 Effect of airflow velocity on 8 (R0.30)

Table 4 Power Approximation for /3
(Application range 87 <d <1113 xm)

Water flow Correlation Correlation

factor ) . . 2

rate [mm’/s] equation coefficient R
14.5 =1. UL 0.9948

Airflow B=1.65x10" Uy,
velocity 29.0 B=9.01x10" U, "  0.9923
m/
[mis] 8.5 B=446x10°U, " 0.9923
Airflow Correlation Correlation

factor . . . 2

velocity [m/s] equation coefficient R
54.4 p=226 (Qw/b) ™™ 0.8344
Water flow 81.6 p=81.8 (Qw/b)"** 0.4064

2
rate [mm/s] 1088  B=43.0 (Qw/b)"" 0.9631
136 B=28.0(Qw/b)"'¢ 0.9229
54.4 p=192 R %3 0.5547
Plate edge 81.6  B=90.0 R " 0.6470
thickness

[mm] 108.8 p=63.9 R "% 0.9177
136 p=49.3 R " 0.6847
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MK Qw/b [m2/s] @y %, FHRIHEAR [m] ®
0T, Eer DR TEMT 5,

n
BWp,Qw/b,R) = U,El (QTW) R expy (6)

RIONE, *HEHD 2 & CHIBRIS & B 720, TR
L TIEN

lnﬁ=y+(anm+nln(QT)+91nR (7)

Table SIZE B O RERT 55 N72HEHD
fili, ZOMFEERERE BEOKEE T X — 7 128§
APEY %R, I ZTPHIZ, TNEFNOEE/ S *—
DKL AN R TH B 2R L, —#
WCPEAS5 %% T2 &, 2087 2 —F ZHMWERIC
L CHREDH 5 LM TE b, $hbb, SitHE
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A — Z IR RS2 RUTT L ER SN DM,

SEHORIE AT APIEIER 6 % & K& <, ARIEBRFHPH
PIZBWTIE, PHORIE A DO ZEALIZ KA A 2 A
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¥ 7z, Table 5127/ L 72388 D2 & KIELE A O Fife
REE R, AR A B IR, MIZIEofl
Eho I, ZURHEED IRV KT O B4
IR L, RRAKTEE B & OSPEBORE A O BN P HLIK

KEOEETEATHEN)I T LE/RLTBY, Fig 4,

Fig. 5C/R LI & —BT 5. 72, T OHRBOMNS
BT 5 &, SUREEIZ 20 5RO MO b D
EHBL T EE, ROPERZHR LT A—FIC
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Table 5 Results of multiple regression analysis

Water flow Edge

Parameter Air velocity
rate thickness
o ¢ n 0
Multiplier
12.35 -1.46 0.086 0.051
Standard
o 0.16 0.035 0.020 0.026
deviation
P-value - 1.35E-29 2.62E-04 5.96E-02

Fig. 1012, FEERAE R O KI5 20 b E AT S 7z
Bk, (6)&Table 5 HHM L7z oM%K L
AR R T . RFEEANRE OV TIE, EBRE R LG
BAERIZIZISDENRONDD, LA I VA EEER
v = N EREASE L 2D, BRSNS (8 <100)
TITFEBAE R LGRS RPRIFIC—HLTBY, ZoH
BCCIEARIEE TR L 7238 Baic o v T —E O E DS
BohibntEzbhb,

3.7 KEODIHEL

KBRS B DO WSE MG 5, ARG T DK 2R
WA B S 7z, Fig, 1HE R X 0 40mm T i iE
xS A KR O ZLZ R LZMTH B Kkl
HEIFRWTHDZ D00 D T OEBEKHREDZE
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(8)#TEFEND,
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200 | U,=54.4 m/s ;'
E 'o
=150 r oy, =81.6m/s
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50 | ” U,=108.8 m/s
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0 I
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B (Calculation result)

Fig. 10 Comparison of experimental and calculated result of 2

N-1

X() = ) xexp

k=0

(8)

—2mi X k)

22T, NiZREE{GEoOE£7 L —2%, o 3HEE
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#160HZIZ ¥ — 7 iz F52o T ORI KE TR %
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SHCIEEBICIEEWM T VAL, CoOWBY ORDKE
SROMINEEZ RIFLTWEEEZOND,
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Fig. 11 Change in total pixel numbers of droplets
(Un=108.8 m/s, Quw/b=29 mm?/s, R0.30)
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3.8 KESHEETTIVICETIER

Gepperth™iZ, &It & o Tt & 15 ZKEE O SER i 5
LORBIG L, KE LOAREET % BT - E5%%
T, KESREFTVEREL TV 5, Fig 12040
BEIIAFERIC L 25K Loihz R L7zb DT
BHDo KIBEIZIZIVE Vo AL AKRIV Y AR ENE (KH
ANEENE) \ERT 2ARERPFERL Twb, Hid
GepperthlZ & o TR S N72KBEG 2T TV O TH
5o
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X o TR U B2 AR EE O BRI TREN

5o
du, p
fwav = (d_.9> (_-9) (9)
Y ) max ‘Pl
film
flow ligament
?\_‘ —n ri:tm;uliun Rayleigh

breakup

Fig. 12 K-H instability and Gepperth model."”
(Un=81.6m/s, Qw/b=29.0 mm?/s)
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1
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ZD L TREINDKESOKEED, ZEIZEY Lo
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TAHATI=NPOWKE L TETIEPR-BINTY
LBRAS 2 ZCIE, KGR & BER ) S GepperthE

— 67 —
Download service for the GTSJ member of ID , via 153.121.55.14, 2025/05/27.

TV EHWSE, B, Gepperth® 7 IV Tl AR InE &
BEE LT RWDS, AU OWEE E D ORI P
JEADREEZ T EEZ BN,

GepperthE 7 )V TIE K O AL P D SR W B fow &
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Fig. 13ICAMMIE & a DR EZ IR T FRAKREQ
b =585 mm¥/sD 5 Tlda =1&% Y, BEETV
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Fig. 13 Ratio of wave frequency and discharged water
frequency, a (R0.30)
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Table 6 Values of fwav , fsp , and «

Qw/b

) U, [m/s] 54.4 68.0 81.6 95.2 108.8 122.4 136.0
[mm?/s]

fwav  [Hz] 75 169 238 322 441 625 869
14.5 fsp [Hz] 50 80 100 130 150 180 210
fwav/fsp=a 1.5 2.1 24 25 29 35 41
fwav [Hz] 81 120 166 237 288 398 480
29.0 fsp [Hz] 50 80 100 130 160 180 210
fwav/fsp=a 1.6 15 1.7 18 18 22 23
fwav  [Hz] 58 84 121 159 192 238 277
58.5 fsp [Hz] 60 80 100 130 160 180 210
fwav/fsp=a 1.0 1.1 12 12 12 13 13

Fig. 14\ZHE2SFHI L7z A ek, 9B L W0 5
L7z Lim R T o WEFHIICE B 4413200 O FHA
WROFIHET, T —N— I REEREZ R T
7z, Table 61213 A ;D H I H W 72 K BEA % %8 3 D
Wk f oy DEFEAE L, FHIALE % 08 3 2 Kl =21l
M5 KD 72K LM £, % 7R 9. Table 6128 W,
Qu/b=585T, Z24i #1224, 136 m/s? /K i 7 HE W
Bfpld, T —=ZAXT7 MVICHER Y =7 2/ 6N 7%
Wiz, MoK EORE L L L KE L 7z, Fig.
MIZRT IO, BIEETVOMEITERERE T2
ZEDD, BEEFLVEHNWDL I ET—RGEOME %
LRMOBFEE L) LVHETTFIT 22 LR L %
Zbhb,

61 o Cal., Gepperth model
e A Cal, Present model
EsL o Exp.
@ |
PEI
i)
=
2 o
s ¢
©
g 5 4 }
B2+ .
H o
@
o
wilr
0 L | L | L | L | L |
40 60 80 100 120 140

Air velocity (m/s)

Fig. 14 Comparison of measured and calculated A
(Qw/b=29.0 mm?/s, R=0.3)

4

i
st

SPAT AR I BRI S M7 PR A & AT % 7K & 8
HEEH AT THGE L, ZOWGEMGLEIC X - TR
2O RET 2 KRS A 2 G L, KO AIRIETT A
TOHEE, FKTE, CPHORIEADEEE TR, LU O
i & Fi 720
(1) @A X T2 X B x b3 % 2 L TKIE

B AT DN &2 ATV, RFEERG A TR

JE AT EAR B &R 2 L R RERR L 72,

(2) ARTGRBEIE AT %, R, FAKmE, AR
ArREKRETHNTEML, ERFESTICELD Z0
BIBOE % SR 6D 720 AT PEBH L 531 V2 S 2 BE S i
LB LIZTHFTH Y, HAKREEDS X OFHRG
JE A, RAIHEE ORI B W Th T I e
N2 D% S0 R TRIGEE AT~ D X
P,

(3) KIESF D BRI AE L 2 E D ICHEH L
B —ROHREFTVOBIEZRE L, PRSI A
T2 ANV AR ZERE DWW % FBRE R L IR L,
BIEETVORERNEEMER L7z —IRGRKFHDR
HEAANZZXLOMHE LT, —RGEOEE LK
WA OTFIBEOR EAXRAT NS,

AHE

AWFEIE, WALEOMRKX &L & AL RZF O I FF7EE
MTdH %84V F — RREA I FAFFEE T T HEfit <
N72b 0T, WILENRAZHEA S I 7EEITISH LT
ZL OIS T Lz, BAEHOEZELI T,

S E X

(1) Moore, M., Sieverding, C. H,, "Two-phase steam in
turbine and separators’, Hemisphere Pub. Corp., (1976).

(2) FEHICHE, A — VWA KE TS EBA, BART X
& — ¥ rEaE Vol 37, No. 4 (2009), pp. 203-209.

(3) Koizumi, M., Utamura, M, Yano, T. Nakano, S. Shibata,
T., Myoren, C., "CFD Analysis of Water Droplet
Behavior in Axial Flow Compressor', Int.J. Gas Turbine,
Propulsion and Power Systems, Vol. 8, No. 3 (2016), pp.
12-19.

(4) Tsubouchi, K. Yasugahira, N. Yoshida, S, Kaneko, R.,
Sato, T., "An Evaluation of Water Droplet Erosion for
Advanced Large Steam Turbine", Advanced in Steam
Turbine Technology for Power Generation, PWR-Vol.
10, ASME, Book No. G00518 (1990)

(5) PHEEVERE, WFAE “SRMEOWEHLT—Y a V5
fili,” H AR S5 SCHE AR, vol. 59, no. 567, pp. 2736-
2741, 1993,

(6) WHEMR, KICHE "WAHHIFT A 5 —¥ ¥ AORNY
MBED OWEFET 2 KO %8 & LR OR &L
fili", HARA A & — ¥ ¥ 27455E, Vol. 42, No. 3, (2014).

(7) Flock, A. K., Guildenbecher, D.R., Chen, J., Sojka,
P.E. and Bauer, H.J., "Experimental statistics of
droplet trajectory and air flow during aerodynamic
fragmentation of liquid drops", International Journal of
Multiphase Flow, 47 (2012) pp. 37-49.

(8) Hammitt, F. G., Krzeczkowski, S., and Krzyzanowski,
J.. “Liquid film and droplet stability consideration as
applied to wet steam flow,” Forsch. im Ingenieurwes.,
vol. 47, no. 1, pp. 1-14, 1981,

(9) ZEH BN, HEDALAM EERE MA, EERUVROL
MEFEELE ) OW A ISR P AT TR | 4T
B HARA R Y — ¥ 52w Gl 2% i o S, C-15

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/05/27.



Vol. 49 No.6 2021.11

[RPOKEARICESTRET B2 —RORKERAITICET AR 481

15

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/05/27.

(2019). pp. 1-6.

Lefebvre, A. H., "Gas Turbine Combustion", Taylor &
Francis, (1983).

Gepperth, S., Guildenbecher, D., Koch, R., and Bauer,
H.-J., "Pre-filming primary atomization: Experiments
and modeling", ILASS-Europe 2010, 23rd Annual
Conference on Liquid Atomization and Spray Syatems,
Brno, Czech Republic, (2010).

Rayleigh, L., "On the Instability of Jets" Proceedings
of the London Mathematical Society s1-10 (1),pp. 4-13.
(1878).

Villermaux, E., "On the role of viscosity in shear
instabilities", Physics of Fluid, 10 (2), pp.368-373, (1998).
Gepperth, S, Koch, R., and Bauer, H-]J., “Analysis and
Comparison of Primary Droplet Characteristics in
the Near Field of a Prefilming Airblast Atomizer,” in
Volume 1A: Combustion, Fuels and Emissions, 2013.
TR, R, B I SE, A E R —, EEEAIEL, ST
HFIZR 3 2 KIED 553 ZOE I3 2 0F%8, HART A
& — ¥ 4R vol. 43, no. 6, pp. 451-457, 2015.
Schneider, C. A, Rasband, W. S., and Eliceiri, K. W,
“NIH Image to Image]: 25 years of image analysis,”
2012.

El-Shanawany, et.al, “Airblast atomiztion: The effect
of linear scale on mean drop size” Journal of Energy, 4
(4), pp.184-189, 1980.

(18)

19

20

@2

@3

@4

Sattelmayer, T., and Witting, S., “Internal flow
effects in prefilming airblast atomizers: Mechanisms
of atomization and droplet spectra” Journal of
Engineering for Gas Turbines and Power, 108 (86-GT-
150), pp. 465-472, 1986.

Aigner, M. M., “Charakterisierung der bestim-menden
einflussgrossen bei der luftgestutzten zerstaubung:
physikalische grundlagen und messtechnische
erfassung” PhD thesis, Institute fur Thermische
Stromungsmaschinen (ITS), Universtitat Karlsruher,
1986.

Gepperth, S., Muller, A., Koch, R., and Bauer H.-].,
“Ligament and droplet characteristics in prefilming
airblast atomization” in ICLASS, 12th Triennial
International Annual Conference on Liquid Atomization
and Spray Systems, 2012

Vickers, A. J, ¥r WIEBAGR, pfii & & AT 22, 33 1R
2013.

MR, EXF—AF VIV T7—) 2B (V¥ F—
), WHLER AR A LU, (1989).

Marmottant, P., and Villermaux, E “On spray
formation”, J. Fluid Mech. 498, 73, 2004.

Inoue, C., and Maeda, I, “On the droplet entrainment
from gas-sheared liquid film”, Physics of Fluids 33,
011705, 2021.



482 BEAHZX 2 —E ¥R

Vol. 49 No.6 2021.11

R R =

RJ500 + V2500-A17 0 Y = 7 b &N DORKNED B
RJ500 & V2500-A1 Projects and Foreign Friends

A AT

FUJITSUNA Yoshiyuki

1. RIS007AY =7 b

AVMETT ORI Y = v b v ¥ v o FEEL[F B3,
s, H3ELFERSEE 5 7 EFEEOB W 2R84 L
Tk BnEg,

EHAT—E Y - T2y by I UANDOHEWIZHE
FI554E (19804F) 5 A o4 N IS E T EkNatt (]
IHI) ~O AT L7z, HITH RSN TWBHE
FIAFEHE T E DI OWAMLRT L 72, 19814 R
DRR-Bristol~® & T, RJ500T ~ ¥~ M The Project
Engineer ®Kelleher ;%> 5DDP (Draft Development
Program) OifizE% 1% 1 T2 7205 Td, R
FEH I Y Y v OREREIEHARIZE > THIO TOREERT
ThL, TOMETUT T AT LEMERIIFRRVD
T, THZWCEEL22? ] CAMBELE L. &
FH—FR AR50 G Sl — > ¥ v R — 2
FEEABRET /0 i SUBRET I /B A BRI T i — T R R AT
B—RATERABRE W —E RG2S BRI &, £
AT B 72D oMM AR, =Y v R
) B AR R ORI N E T, TOK LN
BWEOEH Ry Y VR EN—- AR T -4 %
ALTEBY, TNEXR—ZACHEIA MDEAHI D &
WIARRPTETVE L7z, DDPEEEICHMTE /2
BPPCMZEL Y TV HESHSMIITIBTE E L

Z O HIEEBRIEFEIPZE1E50 - 500G LR T L5
HARMOFEFERT) L HM ) ZRRIEAIIT]E LiFH 2 &
WEEZLRRMENTHMFINTEY), HRMEZEKT
5 Z LICRRAEIZHEVIEH D FHATL, TORER,
ENENOGHCHARMNZZRI ) Iy 2 ER/L, E
WCHE K DEFIAMPEETE /2L BVE T, HEHLH
B2 S L 72RR-Bristol® J7 2 12137  &H 3 2 R4
T3, G CIKEZ S 723 w,)

2. V2500-A170> 7 b

RJ5007 @ ¥ = # FIZPWA, MTU, FIATH Z¥
HV2500-A17a Y =27 MIZEEL, %L 0ok
WHEOBMEEIZR ) F LA, B R>70
&, HEOHFEMIEEZINZ I 70— N — M HBET
DIz B BT { N 72RRD B SsHiAli 4% O Hopton £

g2 AE 20214F 8 H30H
* 1 JURIHL, HAF A Y — ¥ UV ¥ERBERH

L, HEM AR 7o BN A EE T BT R 5 72PWA
?DScaramellafk D = N\T9 o

Hopton K I WX H DO KFIX37M T L 724y, 7ud =
; 2%Bristol?* & Derby~RRAL N D EE N E - 72 D T,
Bristol D i & 2% A 728 % |2 Derby it @ B FE Al b BUR
LTLNT, K~ %ZRR Derby EPWAZ )V — T DG
BICHEATELEHICY—FLTNFELL Tz,
57 EINTRREJAEC (HAMZEL Y 2 U iHhs) O
sz iR S R e G Al AV 8

PIIRROFEF) — & —D— A& L TV2500-A1 DK
UNCHERL, ZO#%BoengttNRiE S N5 7% EiGEL L
F L7275, W SE L C20134E1262F T & ) F L7z,
FoLIHLENRE T,

— 77, MEERE OB Z ¥ (Engineering Change)
PA0B TR LT, [T 7 NARATRABRT > ¥ v OMAHB
MEFRI 2 —=F =P oITERE L W] =[FAADIR
TRBHI Y Dy E LTRA LR = [HALTILY
PHOMMTELRV] LW EEICERLE Lz, Lal,
PWARRBEHF —22kH L TIBEL T NzZ D
Hy, THIDHRANICREBRE L7z PWAF—2A
M) —F —DScaramellafkid, JFFL L7, —HEEERA
ATLES7, W) EeTLA, eI THAILT
ANZZEEGBEHLTET,

LRIZL D TV2500-A1D B THBILEGIC R 5724 7
EOHND KNIz HIEHT HIRETY .

nB, TvYUVERRHEMONE»S, BX—BK O
HAMZERL v ¥ sl ak st i i &, scIHI
- B, BRI 2 OWE AR AR A
DIRIT [Hatro Rl (B530%) —RMMLZERH >
T UBMORMAL] s PEI NI EEMALE T, F
AT, AN 4 4R 1T H 22 H GV i SER AT SRR | C TR
WA TV FRESNETETT,

HOASEEENZ, http//stskahaku.gojp/diversity/lecture/
indexphp % IZZML 728w,

2 E Xk

FLZ2 R, A3\ H AL ZERAT 5 2, 2005%F 6 177, pp. 47-55.
il I . 200547 1%, pp. 52-60.
] L . 20054 8 J1%5, pp. 58-68.
il - . 200549 H %, pp. 48-57.

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/05/27.



483 BAHZX 2 —E 255

b~
Vol. 49 No.6 2021.11 @ R 3B

ESPR7 0¥z 7 | &I D RKNEE DENH
ESPR Project and Foreign Friends

A AT

FUJITSUNA Yoshiyuki

1. ESPRIH& EGTSITDIEE)

19894 2 HICJAEC (HAMIZET Y ¥ U i) 2518
Jith, THITIZ WA WA REMEBICEDL Y F L7225,
KIEH P OIS 572F FTLR, & 2ADY, 19934
WZEET1MISABEDSH L Chifie S 11, Banquet®DFI&ZH D
TR A RIG (L2 i B Zert, BIJAXA, 20134
AARTAY —CVHFRRE) 2 F—-FLFEL, Th
AAET19944E 4 HIGHICGTSJICAS L7z TT A, 2
DFERED O EIBRA T Z B 23 % B 1219974F & 20004F (2 3k X
F L7

B2, 20004F 7 FAZH G EEE A HEAL > 2 T A BN AT
ZeMl G (rafHYPRML G, 2 ICESPRALA) L
FLZOT, 7uy=z7 PIZEMLTWAGE, PWA,
RR, Snecma®FHMHE DA% 5T, KRIAMA)LF—0
WIFEREBE D J5 2 R K FEHIZ L R L F L7z, KETIX
MIT, Dayton Univ.%, JEEZCambridge Univ. (Whittle
Lab) %5, #hiZGottingen Univ., Cologne Univ.2 % 3hilH
LEL7. 20X RESHH»OHGTSJEBEESOER
Z20044EN H20124E F THO ST W ZEF LA, &
D XN DT 2\ BWFHEIZ R o 72D T DS, FFIT0
B RNEZRZ T -nwEBnwES,

2. BHOERANERY

— ANHZ, Ballal#idz T3, k& 1319734 Pennsylvania
State Univ. CHfE S 7214 ERRRBES R T AT
HEwnwE Lz, 20O#H%BAIAARASMED X TR 9
LB ERDTRIEORM T LA, GERF ORI
Dayton Univ.#&iNT, wWo< Y &kLiErkE%Hb
F L7z TRITREOBRBE T ZDOMEO—ATH Y, 42
KRk Dayton K5 THME % I - 72Hans von O'Hein
Iz D %10 % w3 A WL Distinguished Professor& LT
1999 EIC KD SHEEINDL L VW) FKEEZITTCHEL
720 ZDH20084EDASME  Turbo Expo TGTS] A3 b
L 72IAC (International Advisory Committee) ZHJEE
LT7 ENA 2%, 20004EDACCTIZRH L F L7z,
WAEPICREILICED, [RIFCD—ALEV] &FH
O TIEY OMIEFAER LT, EFESEE 2 BUESE
LEdin o TRALF Lz e —Hacmm Lz

g2 fE 20214% 8 H30H
* 1 JURIHL, HAF A Y — ¥ UV ¥ERBERH

BAS [EE IO OFROFE T Y A7) v MNalEDOF &
FHAPRELTWA, 7V 7 DILBOFRN & B3I &
CLCEEI L7 b F Lz, BallalkRFEII I NZ2K
B2 o7z L R CTE T, 5HRIIEL TRFEL LK
ANALOBREGVWSTEE, EELELE. L
L, BER, RIZ60F PiEcd Lz 257
RN 2 WHHP DB oA EELENRT L

3 9 — AEMr. Theoval ©9 . ESPRA A DL G B
DEFIEGTS]ERFED20044FE 9 H 5 I EI M E N T
WBDTHFIIZHEDY, ESPRYu V27 FEOFKE® L %
Fo SSTIYY Y OEAMBAFIIWTEDMESEHAZEIIZ
D) F LA, ZOhCSSTHEAMMZEZ Mk c& -0k
Wy L A HARZHEDOMr. Theoval DGR H - 720
5TY. HIE7 7 ¥ AfiZEFH L¥s (GIFAS) HAZ
BEZHEL, WMEE L LTHALSST v ¥ ¥ Hiffrif
2R RE L, HIAADOBREIHE 2T T Lize TR
SJAC (HAMZEsH T¥S) LGIFAS (IMMTZ51H T
FR) D [EE BB % AL FAIZE] o <l
Al (Frame Agreement) > % 20054F 6 FH IHiAG L
72DTY, Z LT, HALE TBEFEHAM OWFe st &
T, 1AERIOHCHFZERE % 45 1 1nl HAASSTHA 7 —
7vav 7 (HE) TREL, DBREE) LHETK
HIZT—r Y ay TafE L5 2 ENTEFE L
Mr. Theovalld HAAHLZE TR A O H Rk 2 57l S L
T20064E127 5 Y ABMENPS LV Y FX—VEIEE
ZFFE Lo HIE—H L THIMET ORI L LT
W Z 60 T L7225 20164 6 H24H 128y =7
va—THR Z0FFROBAELRY T L, T5F
I A70TLZDOT, AL LINET,

C OB ADOMICESPRALA & GTSJHEBE R E & 00
Bzl U CBMEEII R o 725 < OO KNI D TH
LB L EFET,

2 EZ X
HAA A Y —¥ »24245E, Vol. 32, No.5, pp. 1-42.

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/05/27.



484 BEAHZX 2 —-EFR%

Vol. 49 No.6 2021.11

w5

Asian Congress on Gas Turbines 2020 i

Asian Congress on Gas Turbines (ACGT, 774
Ay =Y raik) X, TYTHIICBITE A - Y
FA LR O TEHES I O s & L T20054E 0 S Bl S Tw
5o ABOILFEBMTAY — N L72AS, FokhED S
DEMHLYH Y, 3HPEOIAEIR 57z, BT U F
POLBMOFLEN D > 72720, 2012460 S IFHA,
E, dE, Y FO4PEP1FEBEICELR D T
HIMEITHEE o TV 5,

857 I & 7 5 ACGT202013 W E S E M9 B NHFE T, Hi
&R T 72 ACGT201812 B 2 IR EX AL B
A EAZES, 20204E 8 H1ZQuindao (5 &) THif#
ENpHZ L e, RERERE LESSIZEPEOHuang
WeiguangdG DS 2 o CTHEMH TH#AF 25 D S
oo LIANZEOHITFMTTEMY) OFEATIZNEE &
7Y, R &M E LAY L C20214F 8 HICHfEd
5T llholc, HETIRBENEDEVTRTW
o, HHTOXNHFHEIBET SN2 00, oD 5
DEMIITEZ ) I2VOT, TEENOSIEILHE
TR, SEOBIMEZF Y F4 v EnINAL T v F
FAfE SIS S 7z LA LGS &W2Eo L&, hE
TH RN BEA B OMITTHML 72729, &%
PIIEEZMBEBDGA ¥ 74 Y BIMEE S 2B h o7,
7272, WEOFEITREEA -3 EBICEAL TS
Wb A4 TR TbNIz0T, HENIZIEINA T
)y PO L oz FAITRBRITHER-PE TR
W EWFZERT O Zhu Jungiang DB O S L7z, FEH IS
KERBFOR, FEMEIZ O 72 FRE S
BrRLw,

ACGT20201220214F 8 HI8H (K, 19H KR o 2 H I
WZhb7zo THME SN, LEMHKIE, Gas Turbine
Society of Japan (GTSJ), Korean Society for Fluid
Machinery (KSFM), Chinese Society of Engineering
Thermophysics (CSET), Indian Institute of
Technology Bombay (IIT Bombay) T® 4%,

BHAICIIAEDONRT LIy V3 YARESH,
F— — Ml 41, BRI, B X OHC38ER67
TR S NTze TV F ) —ORGIIHEORER IR
EINTEY, HELLOBREL EDT L THE SN,
F—/ — MEHEOWEDHEEDOF VT4 VEREDOITZ NS
WDAZ ) =2 KRE L3 Twiz,

F— — MM 4 2Er S TN ER 14T O,
FrAMPEREINZ ¥4 MV EBEZIZLTOMY) T
H5o

B[ SRS

1. “Key Technologies and Applications of Light-
duty Aero-engine”, Prof. Zhu Jungiang, Institute of
Engineering Thermophysics, Chnese Academy of
Sciences, China

2. “Role of Gas Turbine in Korea's Energy Transition”,
Mr. Kwang Yol Lee, Doosan Heavy Industries and
Construction, Korea

3. “Recent Progress in Gas Turbine Combustion
Technologies”, Prof. Satya Chakravarthy, Indian
Institute of Technology Madras, India

4. “Pathway to achieve Carbon Neutrality - What is
the role of Gas Turbine?”, Mr. Yasushi Fukuizumi,
Mitsubishi Heavy Industries, Japan
MR R IO Y a3 v T4 ED S OTHT

bz, EIRIWNFTUE, FEDSSME, HA M, w#E 24

2=V =SV F1HTHoTze 4V SIS MIE%

Polze A ¥ FIIZHMOMMEER2S T 2T b o

7oL T, INBREEE o7z, WK (Invited

Speech) TXHEDHIZEE S O RERIFTTbNI,

HARDOZMBE 2 H1%, FISHEORFTORFRIRGIL 2 A <

MBI EVNTEZE V) HEN R BE N,
ZIME I INFE T—H300USD%E HZICHRESINTE

72h, St v A4 072 180USDICIHAE S iz,

Kl HEDOE Y ¥ 3 VRTHIIZACGTORRE S
VA PEOREZICL Y ER S N, BERDHITMHE
REISE, FEBRZHSOELTZAERE, HHf, RGEA,
IWAZH, BLUOHFNHBRESLE Lz, HEM2S
SHOERPETH Y, T4 BERAZIEBTDONIZIT D,
WEOACGTIXHT 4 A & O R 1) 20224F 12 55 F T 9t
T52E, TNUBDIERE D BBEEEICRHEY TH
T 5 2 EDHER S Nz HARTORMIFHEIL202645FE D
FELL Do

MR 73y 7 ORELL 72RO T, 1 4FEIE
W, A4 v~oRfTE, KRR L TARELE
BrERlEo/pT, BELERSELRET L LD
T&E7/zo BORLICHR DA, Zhudel, HuangfoE% i
LoE$2HERMOFETA N —0 L 0 IKSH L R
72\

R B05, BEXPL I, iz iivi:
BWEAWESHFLH L EF5 & & bz, R4AE8 HIiEE
THME S5 ACGT202212% K O 2 SHHE NS L9
BT LRETH S,

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/05/27.



485 BARAZXZ—E>FEiE Vol.49 No.6 2021.11

..............................................................................................................................

FBEIHRAFZ—EHBT R LREOERS €

TRLOMY, FEBLUOT A —CVHBICHEDAIABM B ZNRE LR Y YR Yy 2 MELI. &R -
FEHAZMDIFRMIIZTSML Z S0,

GENE, A ¥4 VRIS EDE, EEOBEND O ERZORVHERNE 2 87 MRV LI miTIE,
ERE (TR -T2 o TBGw] Mo ELAWISHEIL, T2 - OFEFEM, 250N, Mhagh) b & 858
WATEOGE L 70 B IMEBAN (2207, WG MR RBE W) ZRITIOICHE R X9 RPETIE, TBaR] OB AR R,
FEH RO CIMBAA RS — €V OEABIN %2, BFEORAM CITHE S WA MM L, ERHGEI R L TR
WHMEHASZ, BARBIZ2Z 2 THEN72RRE LEd,

1. BEF:20214E12H21HK0 13 :00-17 = 30

2. &1 ZoomlZ kB F VT A VIS

3. A5 L
13:00-13: 05 BH&O#BE
13:05-15:05 [H A% —¥ Vi P R I (REKRS)

15:15-16: 15 [H A% —Y rOEE FESETF] AH FE K (SEELERSH)
16:25-17:25 [Yxv by Y U ~DOYREHAMNFSE -THIOMW Y MA -] =0 K (BRSHIHD
17:25-17 : 30 HA&OBE
GF) R 21— HEBILEZBAFTEVETOT, BRITOTILIEER—LNRX—JICTIHERET IV,
4. FE 1508 XHLAAZHOLEG, BRI T LPTE0ET,
5. M&E  KF, K¥W, BEHMPRAES, ROVICEME (FRAS—E U HL#H)
6. ZME (i) :
S (& H T ¥3300 FEAH T ¥5500)
“HEAAN (BB ¥6600 /FERH T ¥11550)
XBMB I FHFE [F Ry - L% o4 (¥3300) »E&EhTBh 3,
7. SHEORIT  BREZHINLSTTHEOHIZ [HRAY—C U EEY v RY Y A2 287072 LET,
8. ZIMEME:
c AR — A=Y (https//www.gtsjorjp/) LD BHLAARLZE WV,
- BB LT HEERICTBHCLE T, A v I4 VDD, BHBFIT ST A,
CBINB O AEERKRIC, EREEBRCZLET,
I A VEESN (AE) ICHETAERIE, FMEH ETICA— VIS TITEKR N2 LE T,
- HGAREYIH C 12A13H0Y), SR dAARIH © 12H14HWK

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/05/27.



.............................................................................................................................. 2 Yo NN
I~ a
p—
OXSHEBITEO
FHEE S RES T Bt H FERIR A e
No.21-79 [ MR - MR T o> > ) . . .
H AR 25 Sab—oay LA < 3DRY| taE 2021121 |URE G httesi//www.jsme.or.jp/
- event/21-79/
ZRi A
KR LB MM 2 | 456 MIWEATHER-Eyet — 7 ~ . . )
et A T F—F A T 2021/12/14 URL : https:.//www.weather-eye. jp/
. $378IEHE & [FEHEH DD DR . .
2e AR e - . . .
H AR 2 BIPE S0 TR R - B | W |2022/1/26-27 |URL : https://jsmekansai.org/

OOV VOV VOOV OOV OO OO OO

PA & & &4 B <

(E£8)

JEH WA (THI) JE L FLER (THD) A AR OIsE T A B OIGE )
W2 Jer (& T 2) JEIR SEONGE T T B O R 1 3%)

(F4E£E8)

AT FE GsRe) T BB (s TR R be)

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/05/27.




487 BARAZXZ—E>FEiE Vol.49 No.6 2021.11

[HZ5—E > ROBIEHEERET (20215 9 BEBR) (CBAT 3 U EETE
HA Y —C AT E RS

20214: 9 H5 (Vol. 49, No. 5) 123 L7z [H R & — ¥ RO ERGT ] ORI0ICERGEA D) £ Lz, #HED
BRICIITHREEZ BT LI LA L 2#ATBRYL, WFoM@)FTIERL £,

10 (REHZEL Y YV HEY 2—) O019EDE I
) 4,273
1) 4324 £
M=
|8
z
4500 4324
4000 |-
3500 3,359
3000
2583
2500 2468
2,000 | 1906
1694
1500
1000 |-
500 -
0 2015 2016 2017 2018 2019 2020
4 Year
10 RE#ZZ Vv HEY 22—
e )

HAA X4 —E>%£5£2022% 1 BE (Vol. 50 No. 1)

& BEEABTORHER

SRER - AEER

EFEE

MR > Y VI2B AEEAT R oBm  JbA #52 (THID)

JIIGS T T3S B BRSO P AT, EJbseml, =i W IR ET3E) B

Vv NIV VDT 7T L— FICBT S BEEEYFHITEOM A wi B GREEATEZERT)
NIVF T4 V7 ARDXICBIF ARG YY) 2a—va v (IR) & IEW, BEWE, BHETE FA LRy U AT L)
Ay 2 7) —FEOBE L SHFE L EE, Ak E, M fESk #EA (JSOL)

FRANC3D/GENOA % 72, ULHAREERAT Y VN — Z50REH 4 2 el 22U SR Y 7 by = 7T H
Wk FHE— (F Y2 bF27 /09 —)

WH AN e ENENH L7 KBRS AT O S/ &5 fIHEE, &8 2% (BE148)

Xy Ty 7 OBAMEE (K) BAREE (FTVFTIYyI=TY ) ‘

7V F VIEHGA BEEE S X B CAEMRITRS RO Z U MR O FE B FHAR Kk UALHEH Y 27 4 X)

FAEIEHEERHRE

H49 M AAT A 5 — € v sefiifiis afiuh S fiE0UIIRS)

FelHetls 7 + — 7 & [BURFAHESEBICINT 727 A ¥ — € U HARRIEORATH] AR LIRS
MERE HR-2ZHEL ik Il =i Oc IIRFET3E)

Ky A MV, BEHEILEETLUREND D ¥,

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/05/27.



“ N .—-/_\_¢

[V

................................................................................

2021 FERERE

2R KW A (FK)

BlsRk fa wk (Z2ET)

HANEEELHITEE OO IHD, 2R 3EE (SEETD) i),
SR GERSHE), aHH Ak (BEOR), & E& (IIFET)

ABBEMBEFEYMITEE O - (SEETD), LK M B

HREAT), MR 3R (ZZEET), sk Ml REZAVF—v
AT L), SR N GEROE) G, i fi GEPBD, #HH

B (RS SCHR),

R (TR
HE S 6 GUR), BHf# JALZ V=71 »7), i§% s

ORALEDY), faa 1B CREBANIIZERN, B 125 (JAXA)
BE 4K Az HD, ZH ®k (JAXA)

2021 EERELE (EARR)

20214110 5 HBIAE
ORZRE
RIEREZESR OF IL# (IWET), K (HD, SR %k
(ZZET), &l Bk BEEKR), HE RE OLR)
HEmizZEs O% L& (IFHEIL), Ka i (HD,
(ZZET), W adk (BEL), M i GRKR)
BEEES Ol B4 (EBCK), KA @ HD, BA &R (=
ZEHET), WIF W OREESS), ik A GERIN, HE 5k
(Z2ET), FA # GIR), HE BB (SR, K )
T GRR), Al #3 GERED, AH 2 OREURTKR), % 1E&
(15 T2)
tEEES O k (ZEET),
B (ZEET), EH 2% (‘IiiBUt). B R (ﬁ%iﬂﬁ).
WY R ORR), HH & GRERTR), ZH R (Z2ET),
AR (IGET), Wil #2 ORH), 0 L EK)
EigZas Ol KMl R, phk # ORR), KE A (BX),
MIE H— (JAXA), B 5 (EZEET), @I i (BEZESS).
SR MEN GERBD, 4 B8 (IHD, # F ONFET), ¥
#CRK), fiH M (BRI Y A 7 2050, i 4
— (AT, 8 38 CRH), 1B 8 JAXA), AR 3k (st
HHFK)
FM#ESZAES OM% fim (Juk), WM J58 (Z2ET), W
AR GRR), R AT GEPE), M5 BB GRZESS), &7
#OREE (ZZEWT), ek 2R ORH), &k #i— (JFExX ¥

iy W GROR), W8 iz OuiR), ¥

A

etk

AR M CEEARIT),

B
O

V=TV ), il KRS OIGET), P & JHD, P
FGAR), 5 55 GERDD, #E EE (RR), s 5 Ok

K, KE ik (JAXA)

LITERES OWH R GEK), wik kK& BT, A
Wok— (ZFEET), P HR ORI, BIF =2 JIFET),
Hm i JAL=>Y=79r2), @k (A), MNe Bk (8

TEM), B it ORZESS), #h —fF (BHoh), WL B4 (2
HE&S~ ¥V —), Wk % (ZEET), Ak K0 (HD,
FHHE— JAXA)

HARE—ECEMEREESR O & GERED, Al 5Z (I
W), Hf ORE (ZZE), W A (B, i E
17 (JAXA), /NH & (BIVEK), $#HPY Kl (IHD, #5 H G
ESS), <FA& i (HK), BRI % ALY =70 7)), #%
M (Z2EET), # W2 (FLER), W R G, HiH
OORRURLIR), A 3 CRETER), ¥l & ORK)

Py
=
=]

Vol. 49 No.6 2021.11

....................................................

FREREERES OB B (BBSCELR), T 2 GERD,
%# #ORUR), K i ORED), g 7= OR), &+

HOCRRCERR), B B— (0K), it B CRurR), il
I WewE B, BIF EA OIGET), ki Fd (), §
N AR REESS), AR A GERAD, % £ GLE)),
ML Wk GEEZY 4 b)), SFAR 6 GOK), H¥% BE (THI
T V=7 v ), BE B (5 ANy T4 —EN), A
B (EHE&S~ Y FU—), K iz (ZEEL), W EE
CRH), B & JAXA), defE EBA JAXA), B #2 O
FETE), ZsH —H JALZYY=71) 7)), BA 5%
(Bt 2 i1 7°), ﬁ I 2 (NIMS), 0 (IHD, #HE#— O
ZESS), INF —#& (TEK), JE8 mh EE)

WXEES OUJZK ik (Hi);iﬁﬂﬂ}(), T B (HD), Zh iz
GRS, A3k 8 GUK), Kb ¥ (JAXA), /NH WA O
W), SR MEA (EREE, HETE JAXA), A f TR,
PR ORK), % REE ORK), Wl fig CEFR), Ik
K (JAXA), HE W GRAEKR)

HRA—ECHEMERZEES OFM & GEUERTA), SR B
(IHD, JH BEE (F—KIYAFLX2F A 57y F), EHLE @
CEEETLI I V&Y —KFr—Tx), M wka (IGET), #
i (REESS), Wil % (Y v~x—Ny—F27ud—) #Eil
H (EEET), Wk EHR (5HET)

EEREEZES O AN (5EET),
SR w5 (IHD, M ER (REBFER), TS IR (Bt
i), Aol FgA OREESS), FH %— (BWPRp, wFEr 3 (5
ATRR), RS GEASZEHIER), —H Mk (JAXA),
Wi 2 GBI, & & JIINET), Wi 2 (K
H), ¥4 wf ORK)

BRHEES OHmA M GREZESS), ik MEZ (ERE), M
AT (BHREWE), I %W (HEESS), # E# (HD, E#I
& JALZ > Y =71 7)), g ik OREHEER), &H iE=
(JAXA)

KEEES OM L (E%EFED), %k etk (ZZEEL), HM
B (RESCHR), IS B OROR), & B (IIGEL)
WREY a U HKREZES ORMG il (?-EEPBH, AN B (BT,
BEE H— (JAXA), I 29 ORZESS), &M %l CAFK),
SeH BT CRHD, BE M ORILED)), 4K & OR), M T

Wil (THD, W% ®RE GK)

BLHERASEHEZES OIFE ik (RH),
ESS), JIE: wF (NIMS), ## %+ UIFET),
#ET), [k % (IHD)

MEMRARZES O T (NIMS), kdb i (JAXA), i
WERT (RIEFRIR), M G (EPD, RH 2B (NIMS), &
TR (REHRLR), SAR HER THD, i B (SEET),

FhE S GERID,

R R (R
Hr =

WA e ONRET), Pl fls SGEETHEC YY), Y
A (RZESS), Wl %% (RH)
RINMS0RERSEERITERES Ol /L N, K| & (B

R), LR Tl (R, $k Mg (REEESS), wff it GEhaD),
BB R (RUSSCER), WM e GROR), il — CATR),
A F3E GERDE), 1R Bk CRECERR)

IGTC2023% TR ESR OWFA # (FK), K @ (HD, KH A
(FR), /AW £ (IR, RIS (Z2ET), Bl B— O

K), IRt ONFET), $9R 1Ed (JAXA),
WFET), HH Bk (ZZFET),
(IHD, ik St (FK)

T saml (N
IEEF RPE (ROR), P bk

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/05/27.



HfEaary s 5 OMELROH, a7 4 VA
e DEICRAICHE L, ) Y Ey ZBBEROSED
BB TH o OB A 2 B HNTBY T3,
G, COHRLEEVREIRE, 30 F SO
BEIZREICRL EIZELAVWETY, HEEGZ2HBS
T ETHB oA FLTEAD [HLE] 8] 1
M 72RY T 4 TRATHPSHES HEDL Z L 2o T
RELRVED T, BHOBRIEDL A, EEEL T
THUMTL & 9 D

29 Lz ow, #FHEESOEBETHLEIIZ AV
F—FHIFIZOWTIE, 20504ECNIC B V) 728 & 23hn#Ab
TAHH, HATRELALVY-—BALKEZOENER
b, ZRChre7o AV F—FE - R oE SIS,
K% it M2l 2 2 B TRREINTEY T3,
BN AVF-FHEIL, A4 O HWAEGICES %
WYERFEOZ LI WHO L, KIEEEOREORE % 3
2TdOTHY, FTOEFIZANT TITHHEICA Y HLA 7
AT OBl 2 B LoD, HIZ [S+3E] % Eilk
LA, TPREZFH> TH#HOTWL I L EE L R
HWLTWBREZATY, 9 L2, BURAHREEIC
eboTwbbnl LT, WHOTEFOHREFHLOD,
TR 22 Bl By 2 R #IC SRR L, TREO—B)
ELTHTFMIE BOARSERFL LTRELE S
ATL7.

VL EoBEICHIY, THEEWHFRICIZTEZH T
LA, THHEHLRLOWUEL BT,
DFELZD, BSFLRELPIEZITTCHE, SHICTH
FIDMGR - k2 i e oI EEICEE LIAATIHE,
MRELILTEIOZVWHDOE LTITRMTET 2L D
EERCIELTBY 3,

TR TIE, A2 THYTEW-RED T 4D
AT O L, METBSOZRBOHOERER

489

& i 2 L HRE Lz T L2
L kiF7ewndhEBnEd,
(7% sy

@lIAF7VYTA hT 1 ¥

HE s RALE D))
@11 A FH4FEH

WA FX (ZFEHETE)

g T8 GRECRS)

it BEE RO R)

R B (HIMES e > =71 v 7))

(RIREH)

S OFKICOWTIE, (Gl - ] oF&E XY i
BLUOBMHEYLTWET,

AR OWVWTCIE, TRl E2 IS 23 v,

- [ERICH T BGTCCOEARR LM Am LI 728

VJ RS DUNT [ eereeremremrennenenininias (P414 ~ 419)
- [MPEERIGTCCORE L ERAWKAR] - (P420 ~ 425)
- [1650°CHRJACH AR & —E > DRK ESHDER
................................................... (P.426 ~ 431)
- [CO2 Bt - ERBEERFERIGCCORRERIMR L SERDE
=] Ao T A S R T T P PP P PR PR PP PRPPINY (P.432 ~ 438)
- [CO A REEMRER B DRERLIC @ T 7 R #TEhE |
................................................... (P439 ~ 444)
C[RERBAY AT LOBREEEHEXAFKENDH
= T P r PR (P.445 ~ 450)

[ATETRABERIE L COMEGAB IR 4—E L L
WEHZ2—E> « /Ny —Fast Power 40DEE |

................................................... (p'451 ~ 456)
- [EERICHIZIREFNERAI4—-E NS

. [(‘g"’ w‘El ........................... P457 ~ 462
CER - CREE LR AR E LT, MRAHTY OB ( :
2D

WS BR X o

I0HTHZBXTLEANND L0 B21E, KROBIZIZE
KIAORMBEEAF A LLEARP LT FIFLTWAHT,
)R a0 FEYEDIERE DL o Lo TET,
HFHIZHLED WS> TEEP D) T3, &l1Twz, 14¢
FPF W HRARICENTE 20T, MANIZIZTE 00
Y DAETHEA T A NVIEADIZIBEE L TWEEZAHDHD
T3, PIZIEKREELREZERZTA 7277 bV ol
LIZAT, BHRSATHREGGRATILIZFERE %,
LEZTVWBAMEDOT, FLEOHH TR 2T T
WEHANAZD L) LanooTnEd,

FRABRDFIC-EoeHMES s #wbL Y (TR7 +—
I L, s, RFESLDICRERERO) BIKRTLEL
72, THMnEwlES ) e ) TS wFE L), HA

DHFEDIEPITD RAEIIT 28R I8 E > T E ¥, e
AR EERSTWR, ERERIEFOIFOL L) A
LIEDTEBY FTA, WOF TR TOPESNEETEA
(%)

HiFCTHHLETE L7225, REFFERAIVE0EEE D
F9. FEREICHO0RELRT T IRERKITMDY T3, £
72, FEEOTHGEE)TAEINERREREZ I LOFRERE
BRSOBEANBERZMLE> TREFIZASDLVLD
LIRS HABBEE T TBONE T, BHELLKITD
DRF—HKIILTALT, MEDHEmEERQRTERET BT
BEIFLTBY F9, €OERO=—XIIBIE AT 55¥R0E
THOFIT 72V EHATHERED K 2IZALTHMITE
L, #2252 LEVARKOHTL, (FH B WRAD)

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/05/27.



490

FRRRESLURITEE (R
20184 7 H13H &
1. AEROERBISEDIKGET 5,

A KEEER - oW EZBES (DY, WMEZRE
&) BT =& EOTHRHEDO NITHEL KT 55
frio MEEZIIAYERRE (LT, 28) #ATd v,

B. #&MER - SE» 5 BB R S 5 B,
PEHIISHICHR S,

C. LR AEROWY - EHICWT BRLH (H
%, A% BIXUSBIZX A - IFEiEE O
REOHL

1.2. Hfiawm XOBFNIDOWTIE,  [HT SO T 2

£ A Y
1.3, BESCEAM GRS ORI DWW T, Instruction
to Authors, JGPP (International Journal of Gas
Turbine, Propulsion and Power Systems) (2 & %,
2. REERB X OB ERE, Faal - AL aEER B

MismsC, #FE (WPge72&k 0, FRER, Hrid - Brakis

), BEEE, A, IR OB EM BT 5

ZEEL, WY ERY)R=IFIFEME LTUTO &

BhET 5,

ad L, W 6X— VDN

Bt [ Befram LA R 128 %
i, B 3R—Y LN

HRF 1R—T LA

Tt il 1/2:8— Y LA

3. EROMER I, REE0 [HaakE e
WZhEo CHARZHEL, METESFHR (UT, W
HBHER) TOEMERRST 2, MEFHEROIEX
3L 1R,

4. WFEER, WEZBESOMMNZED, FEROMK
HIRDORS SEOBIE B L UORER L L oE 0
BlH2rOE/REAT) o MEFHERIIETRRLICE SV
T, WEBR~OBE, BIEKEZT,

5. HBERO ) bEAGR SO b 0%, WERAES
PEEL, REE~NOBWTELZRET S,

6. HERERO D bEMm X OHA, HIIZDOWTIE,
[ e e R | 2HE) o

7. EEROBER I, FRFHERPSERE LT
[FRFEOWMERILICHE T 2] 5 2 FRgEo 7238
HLEBET 5,

8. FEHOE-FHIIIBRTEEELIHEZMET S,

9. ARESREIBIMSINFIEY OFIEMIIEI & LTAR
FRVIRRT B0 REETOFEHEOIEFRNIZDWT
FRLEED D [ART RS — ¥ R EMERE] (1
X5,

10. EWRLSTIHZATI HE, AEREBRT 57
DB FHUB R OB MBIEEICAY LA
£ 5,

e 1 BEARPE I SE B X ORI R e GREFHN)
Zy kA T 7O AR

SRR EAE IR

T105-0003 HUEL AR X 9 H A6 1-18-17 BHEE P HAG € v
TEL : 03-5157-1277

E-mail : eblo_h3@eDblo.co.jp

Fiffam IR ER (h#)

- 20214 7 AL HEE

1. ARPREEICEAG S 2 FCHA e SC (DU R am
3) 3B X UJGPPIC A9 & e s Hram 3¢ (LT 93¢
B C) ZROFU LW THDOTHDHI Lo
D) ASCEAN RSO FAEE ZE, f el & O

RIS, REZOIERBE TP ERBTH
5L P HAM LT OV TIEZ DR ) TidZew

2) HAY = /RO ANF—BEEHEMICHEET 3
BbOTHAHZ L, )

3) HISCHAM G SCIE A REE AR | 126t -
THEE S N7z HAHEE RS, 3 3C 3l G 3
[Instruction to Authors] (ZHE > T S 7z 3k
mERTHhEI L,

4) —BICARINTOLHITMICRERTHL Z &,
72721, DLFICR S N Ol ke & ok
ram NPT H C EDTE B,
'{?%%fwiﬁ%ﬁ%'ﬁﬁéﬁ@fﬂy~

TA Y

BB L OEHBEO AW, B4
B2 1 I B A T

o MBS O B R, RN B, BA
JITORILEDO R T 7213306k

2. Haram X o~ — TR, FSCHAMER SRR & LT
RID EAD 8R=IJPINET D, 272L, [FRED
RN 2B % 2 RiEdicafioEw Al
TAR=VPHNOMR—=I % T HILNTE DL, BL
Heafiam 013 [Instruction to Authors] 12589 %

3. FIXCHAMFLD N T —KILE T E RFEL K — 4
NR— Lo [P T (2B L, A
B BB LN/ b FHEHED [FREDE
HWEHCBIT 2B 3 RIS AT 5
A, MR AT —FRIE 3252 LHNTE S,

4. whEE, [FREER AR ] [Instruction to
Authors| 2> TIER S N ERE 7 — % %,

Wi CRFRFRAM] & & ITHAN R LR > A T A

(Editorial Manager) 2>5#&i3 %, i

5. ¥hadh7zimid, s XREEDS [Hn XAl
LNBL ZHEo TR ZIT, B SEE2ET 5,

6. @ LNFICOVTOREMER, TXTEHEADPH)

7. FISCEAMGRSCOZFERICE LT, W@eosd [H
RAAL — O BRI |, B XU [Faabm
b L ORI 5 5 TRI65 2 M § 5 T
Wiam LOFEEMEICE L Cix, BlRED2 [HANA
57—V R EEMERAE (Copyright Regulations of
the Gas Turbine Society of ]apan%l BXoO [
A OSCEEFEATHGH] 6 AWM T o

BARAREZ—EVEREE
Vol. 49 No. 6 2021.11
SATH  20214F11H 19H
FATHT AIWAEREARART R —¥ v
LT STy Y )
LI N ]
T 160-0023 LTS 18 X VU # 16 7-5-13
55 3 T ¥ r402
Tel. 03-3365-0095 Fax. 03-3365-0387
TAFIRE: 00170-9-179578
HUTHRA AFIIHUT FE T SE
(¥ 1703707
FIRIFE —v &4 =70
T105-0003 AR X PG HriG1-18-17
WIREPE AR © LV
Tel. 03-5157-1277

©2021, AFABBEAOERT A —¥ v %5

EEEHE CEFLEOHAN

DUWALFBEANEART A Y — € %5 Tld, HEEBIRL L —
WAL N B RSB L CwE T B %2 SHLO ),
M EVEME & (https//www.jaacc.org/) A AL L CTuv 2 8 HF) H #F
HYATABBUTHRZE W,

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/05/27.

o


http://www.tcpdf.org

