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Fig. 2 Example of Oil Consumption Rate Monitoring
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Fig. 3 Example of SOAP Monitoring
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Fig. 7 Turbine Section Shroud
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Creep (Deformation) X X @) ©

BN T ol B O R %ﬁg&%i};ﬁﬁ*ﬁﬁ (Gibih Thermal fatigue crack O (@) (@) (@)
(MD) i R Oxidation o A y y
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Table 4 Critical damage mode for combustor parts

Parts Basket Transition piece
Creep X X
Thermal fatigue crack (@) O
Oxidation VAN AN

3.3 s - BEAIEAE
RO A V7 F v ACHEH SN A HME - BEEISL

WEULTFOEZFITH-> THESNTWS, (Fig. 5)

1) filifs3L# (Repair criteria) : AT D ILHENH L
1, RIEEEHIZ BT S HRGAHIIEEEN, 720
BEHILMENICHE £ 5, K pikE CoMMITHLmA
Kz S\ 728, Rl 3 ITHRGE A5 BE

2) BEH - xcH#idk#E (Replacement criteria) @ FABATZ
DFEHENIZH UL, filEZEET 5 &I 0 Mk
R, CORHELRZ L L, MiBICL A
TEAK BEREDEITCASHEETH D, HRAGE A AR i &
%5,

3) FRFUEBHEHE (Critical damage criteria) @ AT
DORMEAEZ B L, UHBEELS, HRERICET LT
HABIGICE D filsIEdE, B - seifdbdeld, &K
]S AR SRR IR HE I CBE L 2w K D I
WESN D,

Damage propagate rapidly during

Critical damage]_ OPeration, resulting in serious damage.
criteria Not repairable for function and shape.

Heavy|

()

jo2] .

E |[ Replacement | _Thus, reuse is not recommended.

iteri .

g erflera Operable after repair of

s indicated damage.

£ [ Ropalr cifera J-----------------x--acooe
e}

5

© Operable without repair.
Light

Fig. 5 Definition of repair and replacement criteria
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SEM A ¥ 5 — NIV OEMI, EW Rifs) |l
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RIS X 2HBEREmM X v P 6 N5,)

g2f & LT, MHPSBFIE A X & — ¥ V2@ H W g7
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20004 ACHIBE X 1 44 >~ % —3 )L (CTCTCM ./ 6 4F
&) DR TH o 7oA, 20054E LLRRIX1S4E S 7 — N
v (CTCM / 6 4F), 20144ELIFEIX 34E A4 v & — 3N )b
(TM /6 4F) Zxtg & LISk (4.33H) %

BB L TV 5,

Bl &, TM /6 4F-A%8 H W] /e & HI S 723618,
CTCTCM / 6 SFIZHF L CHRBESR M 4 0], & — ¥ U5
e 1 I OFEASTHEN 72 %o

F72, 20190 0E 85 %5 A YT F v AT A MER
PHIFECTEBA44F A4 ¥ =)0 (TM / 84E) O
K O Bl % 71 L T B,

1 23 45 6
(S R R i |

Ccl
TI D D
MI

cl CTCM.”6 years

[cTcTCM. /6 years |
CIx6+TIx 3+MI x 1

Tl @ CIx4+TIx2+MI X 1
Mi
3 6

c o

Tl @ CIX 2+TIx 2+MI X 1
Mi

4 8

c s

Tl ® CIx 2+TI x 2+MI x 1
Mi

Fig. 6 Applicable inspection intervals for MHPS F-type gas
turbine

4.2 EREBMFa DML

B AR A OIEMNZ, SIS OB AT A b
% X L 72 Mk TH 5o

— RN, BRBERE, RWTE — VBN B D
WZRAEMIZ L 2 3 2 PHREAIRSKR E Wiz, hb
DEBANZ D W TERMITHET - EREHAHEES NS,

Zhug, Wik EH Gy — ¥ v EEE B (100
BRI L A~L) 2% LT 5 HEERBLT & HR I H v 72
b, —EEIE (B 12451, HEGE R R ]9.6 )7
M) NTOFMILMIZ L 2P MEAZREOHIK, T4b
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T/, WmEFamE B ERA vy — NV OB LT
52 LT, iR LEMOBENRRE 22T &
L7200, EHEBRA V¥ — NV OZEE (Fig 6) I[2xHE
L, #—YUVRihBEoO%AIIE, 5 KR (J 8 Tk
JAEX 24 A4 U H =NV X 34 Y7 —N) H5T5
TIWER (R 8 THEM]4E X 34/ 4 ¥ — N x 34
Yy =), 1075 (8 8 I 4E x 444
F =N X 34 VF =) NOIEMASERHEEE 72 -
TWwh,

4.3 FEMREEHIMT

FEW A ¥ 7 =80 - Rk Ay O AR E 1,
MRT T v OB - MEIRWEEGIC RO E, DIFok
HEZF L THR S 5,
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#, COMEPBUEMEZ ML T 20BN THERT S NS,
2) MREIEG Y 27 mAIC X ) IR EG L (3.2
W) #Hz2 BEPETSHY A7 PT5ITRNE
& BN T 7 & CHERRT %o
3) BEME T A4 Y F =NV O, TS 0EEE
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BRI X BIEMEIT A A — Y ZFig. TIORT. &
BB S, ) VF iR LBIO) DIEMAS
T MW SN VIEE, HRikkiE 1), 2) 124K
fill 7= & WEE, BEEMEZ N LSS mBAR (L
BICD) OBHBUEL 25,

100 | Current | :
’ limit Original
—_ criteria by . Type
% & | cost for extension ! :
oo _— b ¢ — e — . I [
R i 1 i
8 I [
E% I !
c 1 el
85 o
5= jj Improved
S8 T Type
Og I i
1 :
| !
0 1 | >

Inspection interval or Parts lifetime

Fig. 7 Decision by economical aspects

4.4 FEEEREHE
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X9 BRI & & D SAA ZSEH R SN ETH Do Bl R
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AT — 7 HRIC X0 BRI MR, ZE9UREE
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ZZTC, MNBETT U N BEMETEY (Long Term
Service Agreement : LTSA) 75 ~ bOG&IEX, 75
VhF—F = HH A —H = OEH ) R 7 4H & G
Ay MREASWEEE R D720, EREHNES LR D,

5. EREBADEREMME L

51 SRIBAOEEMTMEOEX

MHPS<TI, &HEHK (F: 2hxh= 0 1, A FEMER
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FHICHE L, SCERIRERGEL TV 5,

X512, WMBEEICOWTIE, FEE (BT EEE)
THH S N-ERIBm OB T—5 (B 0 FREZ) »
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R, S5 LEEEN EozdDT7 4 — Kxy 2 (Fig.
8) ZFEML T2,

Manuf; in

Design g
14 v e = 3
~ o 4 A e -
; 9 : i A T
Coolir}g.&s.tress ) i Rig Test Casting TBC Coating
Op Aerody Analysis Process  /

Verification by field experiences

T-point at MHPS T:

Fig. 8 Development and verification process of HGPP

5.2 1157 —2ICEDEEMFMm? ©

7 — 7 12D BEMEFHMI T, B, H 5D
VISR T B, MR MR ODI1, H
BB L 22 284, 7% 5 ICBEIZE (BRA - Hrindk
ADPBEL 2 5848) OEBEFGL T\,

R OISR & R T — 5 (B 0 ERES) o454
i, 3O00H (DT Y FhRE W, @i iRk
WL R BYE DS\, OFRBMIZIA F AT — & A
HFAELZ) Z2HH, SISO 2 10k — i 7Z%
R4 TH 5 IEB DA OB EEEE 7 5, (Fig. 12
DEREIITH NS OFHBIN T D,) 20720,
TR 2 T ARG L LTI A TG R R
HL, 2074 TNGAO5A I &I (Maximum
likelihood estimation : MLE) 7 & CHEE T 5 2 & TH
m 5 B D At 2 4T > TV 5,

5.3 HWRBRICK3EEMMm EEHY

AEHTIE, FEY—E Y 1EBREIZOVWT, WRIZK
LAk PR E BT 5,

KRFEHFTHEH LHEIE, +Y JFIVE (Table 54
HH) THRAELLT Ty b7+ — 2 ER D S 384
HEETHH9E57 5 (Fig. 9) THb, ARFLIIHLT,
fEHEVEI LR 2 W L 728 3 (Table 54 M%) %
B, EMEBA v — NV R 900 Ll - To
TR % AL & L 72 MGl % F 0 L 72

Fig. 10lR§ £ 912, EEHER TH 5 BBHAEEIZ X
D BT R ROFAETF G2 UL EicgaE s b L
LTHBY, GHfiEgR e E#HT—7 1~ 2 (Thermal
barrier coating : TBC) #Z X A R IR EEAR RN F &
P C L HEOEREZER L2 D TH 5,

S R B ERRMGE R DAV A - REMRLERIR S 0K R %
Fig. 1ILIZR T 77 v b7+ — A JEMH O X 2854138
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WMTHY, B REHEEHRIZB00CKIETH o720 &
DOFERP S, WHRE AR R & TBCH#E A I X % B4 i
FEARRAI R A, U T FVE XD b A BERBE S
(TIT+50C) IZBVWTHHMTH 5 Z LR Sz,

F72, Fig. 9, Fig. 1INI/RL7-EHE L H—BREDOH
BIZOWTT Ty b7+ —2EMORKEIRES HA%
g L7248, SRETIZEEOIEAEEDIT00%—25%
12, ARSI HESAI6m— 3milFHEINTWVD I &R
R s 7z, (Fig. 12)

Y Eo®Rrs, REIZ LY EETH 2 2 Wi
FEE B 1 %290018] LA F T oA Asnl hg & T L T 5,

Table 5 Comparison of specifications and operational records

Type

Original

Improved

Base material

IN738LC (CC)

MGA1400 (DS)

Cooling structure Original Enhanced
TBC application Full covered
Actuail operating 18483 16496
our
No. of Starts 275 1,001

Fig. 9 Results of inspection for original type blade

Each Strength
at the same Temperature

MGA1400DS

Stress

more than twice IMCF38LC

-

Cycles to Crack Initiation

Fig. 10 Comparison of crack initiation timing by base material

Estimated
temp.<800°C

Fig. 11 Results of inspection for improved type blade
100
90
~ 80
g -—
s A tmproved Original
® 6o type
o 50 ‘( y type
g % /‘V\/H
g /
o 20
10
0| 1 1 T ..

012345678 91011121314151617181920
Crack Length (mm)

Fig. 12 Comparison of maximum crack length on platform

6. REEEEXADTF L RILLDXATF 2 AFE(L
WLAEDTEHBERMN (Information and communication
technology : ICT) O #E#I2 L W, GTCCE TS I ~
MK A IREFENE 2 ~ 57 F » 2 (Condition Based
Maintenance : CBM) O@EHABHEZ IR ) DDOH %,

ZZ T, KHTIRCBM#EMIZ L 2 X ¥ 75 v Afi#
1t (2 A MHIK) OFREMEIC DWW THEHT %,

A ERRER] (EOH) 21L& T 50ERDHL -
HGEAREL, EHAMN GPoAamEl) 2ZE LT
Wiz, fandiar - EIIERA V5 — L 2z
B L CERLCLE ) WRBEAMEIE L7z B2, #55
HARGERAIC L ) SAMEA RO 2 28 (Fig. 2
FEH) T, V=7 (BB LN R UERH
BE#HROHL - HoEB &AM ENYE S (EOH
NEESEM) SR LTEMICRD, @lifs vy —n
W ERBFEOEMET > vy VHEL D EHfEESIN D,

CBMIL AR (Fig. 13) TIX, =BEMHR T X7 4
(Remote monitoring system : RMS) 22510 7V % £ A
WG 2 &/ X7 X —% (F 1 FAY—¥ U FEEMNT)
PEr 2B, s &, MET—5, P - 4
g7 —% (B BIK - I, miisNg), BT —%
(1 = LA ERE L) » 551k - 8ISl €
TN L CHEEN (Table 2 ~ Table 4) AL -
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CBMORAIC LD, Fig 1487 &9 g WEmA
¥ &=V OREM, Rk E T AR DAL (R A dy
HEAR & 554D, & B\ Id— WAy 7 IR B8 X Fan e di
22 2L, Eim B O foE L (o)D)
M) WReE 2, #RE L TEmilmA > 7> A3
A b OEBARE L % %o

Real-time prediction of degradation and damage

100% load

Remote monitoring data

RMS Evaluation

model

: i L
L] j
- Lo g

Material Manufacturing and Dan:;;é ::J_ata

Data repair data statistics

Fig. 13 Basic concept of CBM
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Inspection interval or Parts lifetime

Fig. 14 Optimization of maintenance plan by CBM concept
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fEBERTAT 7 0 & 22 72 2 BEDE LT b,
REM L, ERRA ¥ & = OVIEMC X 248
BT — 5 MR OWPTH %, BlziX, CTCM /6
D3 6 4 M O I THRBESHER; 7 — & & 4 ]
PETE LAY, TM /6 SFEOLA ISR AT 2 1129
Y4B (U, PEREFEBOEET— & k2 i -
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FHEEFMSEom Eozo2i, B (X%
TBCHIBES:) DIk &R Z 5 uE - Sl 5 2 L&
HTHDHH, 77— 7 HHEEE AT % L Fig. 1513%
T & O TE MG S EE & 7 B FH OIS S
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RBEE YL, 5] & X FEME T 2 2 2 5%
WCHERE S € 57201213, A IRE OB T— & B
BoOFEBEF— 7 FHETHEOWESLETHY), FTian
sk - FEAT RIS AL EE & HIBT L T\ b,
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Fig. 15 New difficulty on reliability assessment
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Fig. 2 Relationship between coating degradation and bucket

material degradation'®
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WERBETHH S NS -0, ToH{bEE#T ST
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EOCIIE, AN TH B 720, HERIGEE 2 WS T AT
L, BIZTLY FIZEDTFANSHEN Tz,
BT 2 HiE k%, R OMIMEHEAN % & Table 1
KELds,

Table 1 Damage of gas turbine hot gas-path components and
repair technology

Parts Damage type Conventional Advanced
Repair technology Repair technology
Combustion | (1) crack (1) diffusion-braze repair
(2) wear ]» weld repair (2) wear resistant coating
(3) oxidation (3) antioxidation re-coating
(4) deforming reforming —
deflection
(5) material degradation refurbishment —
heat treatment
(6) TBC spalling re-coating (6) advanced-TBC
Nozzle (1) crack weld repair (1)(2) diffusion-braze repair
(2) oxidation
(3) material degradation refurbishment —
heat treatment
(4) TBC spalling re-coating —
Bucket (1) crack (1) laser build-up welding
(2) gouge }» blend (platform)
(3) tip metal-loss (3) weld repair
(4) material degradation — (4) HIP technology
(5) coating degradation re-coating (5) advanced re-coating
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Fig. 5 Transition-piece applied advanced-TBC after 1 year unit
operation
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Fig. 8 Reforming the deflection of axicial direction of transition-
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Fig. 10 Nozzle applied diffusion-braze repair'®’
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Fig. 13 Deforming repair for tip shroud®?
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advanced-TBC

T/, ZOBSELIza—T 1 v R ] BeEhEIE
L7- BB %Fig. 1512, FER TR IEMMH I h -8 %
WyHL, ZOMRBLa—T 1 ¥ 7 OWmHEEZ 8
LR A Fig 1622 nEhRsY, by 7a—1+o
FlEEB X O, FEEICRERNT 2 2 2SoHEI RO bR
Hotze BOFZLIMLTOMBEE D LI A FIVIREZ HEE
L, FVIVFIVORLIBRLIFBRICLD L, Bk
Ba—5 4 Y ZRIZBILEHO A VIREZFY VS
VNOIA—=F 14 Y TROKIBWMET L TBY, i AEIHE
ECESMERED M L S BEEL T B,

Download service for the GTSJ member of ID , via 216.73.216.87, 2025/06/07.



Vol.47 No.2 2019.3

HAZ—E iR EBan D3 dn Bl 95

Fig. 15 Stage 1 bucket applied high performance thermal
barrier coating'”
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Substrate Bond

Fig. 16 Microstructure of serviced high performance thermal
barrier coating'
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Fig. 17 Stage 1 bucket applied laser build-up welding”’
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HN3: Higashi-Niigata Unit No.3 (Multi-Shaft GTCC)
HN4-14-2
: Higashi-Niigata Unit No4-1, No4-2 (Multi-shaft GTCC)
S4: Sendai Unit No4 (Single-shaft GTCC)
SS3: Sin-Sendai Unit No.3 (Single-shaft GTCC)

Fig. 1 Historical trend of thermal efficiency

Table 1 Change output of thermal power station

Facility Original After
Higashi-Niigata No.3 train 1,090 1,210
Higashi-Niigata No.4 train 1610 1,700
Sendai No4 unit 446 462
Shin-Sendai No.3 train 980 1,046
(Unit : MW)
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Fig. 4 Hot gas parts stock system

Download service for the GTSJ member of ID , via 216.73.216.87, 2025/06/07.



98 RALBAICHIFBGTCCOBAEE &E MR _EANDRY) #HH4

BAH RS —EL¥aH

NGRSO LS L, WM LA o7z F AR
RICHEO &, MBERBEHEE 2 Wikt 5 L L b,
BEHLHEPH 2 X 0 IR HPH 2 BT A A N —F B
1EL, &0 EIERRBEIREE DI & Z 0% WREIC T
LM EEZ T2,

FoEIRNOBEHIZONTY, XY MEBELREDE
Bl ARG 2 8 b3 5729,

- B R B (BERE - R - TRAL - A DR St
OBEESICHFELTY A7 2 @m0 52 2HHICE
& IDVUTAREMETRET DI L,

- BB 35 R & B, RSB IR O B
rURELTAH I L,

R RWEICBE, o [kl [7— 7858 [HE] %

—ICEBT 5 [ Y 27 A | Bk A — A —

THHZFERERTE B [ZFEHI ST =Y AT 4 X))

BT L, Zou{bEXoTwnb,

F - BRIEMBEA TR TV BEA 7 4 LV FIZDWn
TIE, PERIF50% LR OHRIERE T 4 IV & & IR
ML w7228, o RERCITHE D) SRS LIZZER
WHIBT B 720121, S HICHiERDBLE XY FF
ATHENIE U2tk 7 4 V7 ORMADPLETH B 2
Lo 7z, FITHATIE, ZARBICETRLIERY
RN ET B 720, FITHEEDO K X WHLEES & 3
BTV 7oy L, KEOMMPCTHNT ZHHET S
EMEE7 4 vy (HEPAZ7 4 V%) Z#AGHE 2 B
KBRT AN VAT AETHIETHIBLT VD, &K
VAT AR ORER, fEkohERET 4 v & ORI TIE,
PR 7 BRI R OV S LB & PR S s
THI LWL, BN LEEHEZREE LTWwb,
B, TLT74NFIIONTIL, #ffEiEdIcB VLT
BUSWRE MR & L, BB Om FICKE (5L
TWwb,

29 L 7= BRIEHR B B AR AT S m i iR it 0 F AL B S X
Th, S 2B T A VE VAT AL, BEEX
4 BRI TOMPERZ BT 2, BN TRHELL,

Fig. 5 High efficiency air filter
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Table 2 Check part of GT

Equipment Major Combus.tor
Overhaul Inspection
Casing O
Casing blade, Blade ring O
Rotor, Disc, Spindle blade O
Bearing O
Coupling O
Governor O
Combustor (Nozzle, Liner) O O
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Table 3 Check contents of GT

Deterioration Inspection
damage method
Casi + Thermal fatigue
aoms - Oxidation VT - PT
Blade .
+ Corrosion
. + Creep
Spindle - Oxidation VT - PT - FPT
Blade .
+ Corrosion
+ Thermal fatigue
+ Creep .
Combustor - Oxidation VT - PT
- Corrosion

VT : Visual Test, PT : Penetrant Test
FPT : Flurescence Penetrant Test
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Renewable energy

Oil fired plant

Fig. 6 Changes in the operation of the thermal power station
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Tabel 4 Renewal safety management system

Adaptation Period
Classfication
@® ® ® | HRSG | ST
S O O O 6
System A O O - 4 A
B - - - 2
(Unit : Year)
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Fig. 7 Combustor (Multi nozzle type)

51.2 ZTOMEHEERFIEMNEORE 3 5%513%
HIGTCCTH L7 0HR Y — € v 213 GTHT
DEE) - AT REZ RAWEA L, B - IR AR
WCTDOAEDSSIEM &35 2 LT, HEDORIEHRH
FEIZHBKL T\ b DSSHLFE A& 72 ) FhRi I B i
TR & M - FEMi L, BUEE T4 L7-DSSHH %
B L TWwh,

B, 3HFRINIE6ABDOCTTHR SN TV 5,
ZGT & 1 3 T i B 4 D3k oo #e B 1] 5013 A% 421000 1]
ZHEBELTW5,

TR OHEFILTOLBY,

- FEAEBEERRIC, BEIRT ) VoBE R E L

HEPBRE SN2 N0, T/ VgD ORI

BIOBET -2 BEHREREE R
PRI 2 5 ICHFREICBIE I X B8 - AF)s

Bashi-Zenrs, ERIIC X 2REEILS X O

AT X ZI5IIRRAIR % i
CITERNL—=FIHEROT Ly T4 v TR E L

TRAEAPBLINIZ LS, FHEERO R WaEE T

TRl — ¥ 2R,

5.2 GTEADOFREFE RN —BH]
35 RN E s & ) R ARE L Twa 2

Download service for the GTSJ member of ID , via 216.73.216.87, 2025/06/07.



Vol.47 No.2 2019.3

RALBAICHIFBGTCCOBAEE &E MR _EANDRY) #HH4 101

L, BB, BREoEMAASEBER R R L E L
HEHTHEHI LD, CTikMUI DI T HREN
LHRALDHERR SN, MR EFEM L Twb, LUFICHRSG
B L TR S N5 2 IR T %,

R L BY, 35RO R AR R % B L
7o Z EATRR, EBIEILISHE D A M L R B 2T B
2, BESIC X 2 HEENRD Sz BARK A HALE
ELTIE, JEE#RE LTIRGTHIOOEER Y 2 b
(F1¥ 27 +) LHRSGO % ¥ 7 h 3R s N b 3 —F —
TRICEEDT A L, M % BUs AR s Lt
BLTWh, TRMEIRE LTI, BT8R
END L VFICBISET L, BRIBETLHR
AL WD, U, REMEILTR O, BRI
AR ThEZELCLLZEICLEELLZZELS, FL
YEOTLF T TNVHREITORIEL TV,

F72, BEHOHE LS /HL L L TiE, HRSGOR

SR RER IS BT, AUmEEEE (DT

FAC : Flow Accelerated Corrosion) 2 & % j&PIZ#EA
L72ARBRERRAEL, FEL % 5720 FACOFSESM
FIZOWTIE, WAOWRERKE (pHE) #iPH oM
WKEDREATZODLEINTEY, 35 ROHRSGSE
(ZIXZ DI R BAE A L, SR kL 72d DT
Hbo 3FTRINNOIFE LTI, GTCCOYME: L, i
A B SELZ L 3H LV EAn, KA ET
pHZ ##55 & & 12, FACTKEIIH B2 E IR
(Criliz$RH) [CEEL, TR LTwa,

5.3 REBEREOGAICLZEAMMLE

20114F 3 HITHIZHAE L2 WHAKESIZ L Y, Mt
BNOBBNDVBLEEELZ T2 L2z, RS
HOMEE EHT 570, Wk KT &R KIIRENIZ
TUTNHA T VGTEME 2 20124F E F TIZRkE L, DL
KT EEEF O MG DRI D T E 72, RiEHIZOW
T, ZOHRDOEMIRNOZALIZHE Y, 20184 E K %
Feo TRIETETH 525, B K45 I128A L7z
EHBERGTHMZ AL TEBY, oL B Y oA
TRARA &R G DO RN 2 MRS
WIEME A MERECTH DL I L BT 2, LR OER)
WHEICOWTHE 2D T &7, ZoME, BEmk
RETHENRLZE, ORI VR E DO~y F

< Emergency Plant>

Akita _. 4-1GT

4-1ST
Higashi-Niigata 4-2GT
e fae Eﬁ}j_ N

< Higashi-Niigata Unit No 4-1>

GT GT
(701F) (701G—=701F)
HRSG : Heat recovery steam generator
ST: Steam turbine
Fig. 8 Planning of the conversion construction

YOV THREGHEN N LRI N2 L
o, WHEKT 4-15R5OGT 2 Uk i i | 3§
b ll L7, TORRE, FRFMEE TO WA
WHEIND L LB, BRETHISBHREOYHER)R
HBHAEN, e CRMEREOM EEZHS 2 & A
EDHWICE S22 05, 5520204 b o s T8
MTICMT TLH2#EDLIEE LTV,

6. EHAAOREBIAOBSITEEE

KBS HOGTCCHA D BFE T 2R3 %,
B FEBAN, M9 AT H O KSR E LT,
PrEL T IR R oM N 2 B G TCC
ELTERTLIDOTHY, 20234 0 EEIR BRI 1)
BRI ET 2 DTV B, EAFETIRTEOESD
Thhbo

Table 5 Outline of Joetsu Thermal Power Station

Item
Output (MW) 57.2
Thermal Efficiency (%) <63

Generation Method Single Shaft GTCC X 1

Mitsubishi Hitachi Power
Systems, Ltd

Manufacturer
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Fig. 9 Conceptional drawing of Joetsu thermal power station
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Table 1 List of typical failures in the past
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Fig. 4 Damage of high-temperature oxidation in vane
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Fig. 5 Break in exhaust expansion
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Fig. 6 Drop of the generation output due to presence / absence
of HEPA filter

Fig. 7 Compressor appearance in inspection before the HEPA
filter introduction

Fig. 8 Compressor appearance in inspection after the HEPA
filter introduction
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Fig. 10 Enhancement of drain collection
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Fig. 11 Damage to the compressor due to disconnection of
the linkage
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Fig. 12 Changes in compressor efficiency due to vane polishing

IR

0| mew o T93ss | mEk : Fwoes

Fig. 13 Before and after mirror polishing
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Fig. 14 Fault in fuel distributor
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Fig. 15 Transition of unscheduled number of stop
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Fig. 16 Breakage of bolt  Fig. 17 Dirt inside the turbine disk
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I—HF—REI A=A — Lk rEAQ, [EFdRE L
Tu— ¥ — B VWETH 5] LRI,

20124EFEDHM R A TR, ¥—ErF1 AZBox
TY—=NT L= NEERZ Ty 7 ORBIDBRNS S
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Fig.18 Weld crack of air seal plate

Fig.19 Incorporation state of air seal plate

Table 2 Effect of rotor disassembly inspection
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Fig. 20 Example of speed reducer structure and loose of
shrink fitting
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Fig. 21 Cleaning the generator stator
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Fig. 22 Damaged tube and magnified photo of damaged area
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Fig. 23 Crack of tube (left: surface, right: inside)
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Z OHE % Fig 210 ZNZFIRT, 4 oxtikZz LI
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Table 3 Troubles of past electrical equipment
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Fig. 24 Factor frequency of electrical equipment failures
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Fig. 25 Aged deterioration of condenser
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Fig. 27 Environment improvement around the control panel
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Fig. 28 Figure of bearing constitution
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Fig. 29 Improvement example of the axis vibration
abnormality detection logic
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Fig. 30 Improvement example of interlock

Fig. 31 Digital multi-relay
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Fig. 33 Rust generated from inside the intake duct
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Fig.34 Image of user classification
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Fig. 35 Example of gasket material installation mistake
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Fig. 37 Vane appearance in inspection

Table 4 Example of history management sheet of combination
change for vane
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Table 5 Maintenance interval list for auxiliaries' equipment and
instruments (partial)
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Fig. 38 Transition of unscheduled number of stop
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Fig. 39 Portable tent for inspection in the rain
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Fig. 40 Hand-made tool for assemble

Fig. 41 Improvement of assemble work by electrical operation
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Bayesian Model Calibration for Prediction of Film Cooling Effectiveness
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Film-cooling effectiveness of a slanted round hole in a jet-in-crossflow configuration was predicted by Reynolds-

averaged Navier-Stokes (RANS) simulation with turbulence model parameters optimized based on measurement

data. Computationally efficient approximate models based on Kriging and proper orthogonal decomposition (POD)

were employed for estimating the posterior density distributions of the RANS model parameters using a Markov-

chain Monte Carlo method, which forms a probabilistic parameter estimation framework based on measurement

data. Maximum a posteriori estimation of the parameters realized better prediction compared to that with the original

parameters. The effect of model parameters was investigated by correlating the change of the thermo-fluid field and

POD bases along with estimated POD coefficients. In addition, the impact of measurement position and quantity for

the estimation of model parameters were assessed by using the parameter estimation framework.

F—TU—R:1HAF—EY, 74 NVLGHEH, RANSEITET IV, N4 XRF A —F e
Key words : Gas Turbine, Film Cooling, RANS Turbulence Model, Bayesian Parameter Estimation
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Fig. 1 A flow chart of the data-driven probabilistic parameter
estimation procedure
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Fig. 2 A computational domain for a jet-in-crossflow
configuration

Fig. 3 A close-up view near a cooling hole exit of the

computational mesh
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Table 1 Parameter values considered in the estimation

Original Minimum | Maximum

B1 0.075 0.01 0.5

B2 0.0828 0.01 0.5
0wl 05 0.2 10.0
0 w2 0.856 0.2 10.0
o 0.85 0.2 10.0
o 1.0 0.2 10.0

a 0.31 0.25 15

R 0.09 0.01 0.5

Pr; 0.85 0.1 15
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Table 2 Boundary layer thickness for the case without cooling
flow in comparison with the experiment

61/D 02/D H

x/D | CFD | Exp®® | CFD | Exp® | CFD | Exp®®
-20 | 0083 | 0.089 | 0057 | 0059 | 1.55 1.50
6.5 0124 | 0120 | 0080 | 0.083 | 156 147
150 | 0139 | 0143 | 0094 | 0.098 | 149 1.46
230 | 0154 | 0167 | 0106 | 0115 | 146 1.44
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Fig. 4 Spreads of centerline film cooling effectiveness,
(a) simulated cases and (b) those after excluding
unphysical cases
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Fig. 5 Prior density distributions of model parameters

Download service for the GTSJ member of ID , via 216.73.216.87, 2025/06/07.



118 TAIVLAHRRFRDODNL T T o ETFIVEIE

HAARZ —EFR5E

OZBR /NI A—F 3B L ) RERMICT LS

THHNRORMSED /NS b Z b b, 72,

BRDE =7 D85 A= O EFRIEICIKRYfFL 2L b
iz, BELLSNT A—=F DO ETHENZ Y TH D
ZEDHENDOBND,
4.2 Krigingrxﬂﬂﬁiitliél\"?x—Qﬁﬁﬁ%
Fig. 612 HRIE O FHIMEZ W TMCMCH#:C X - T
MR LIZETNVING A= OFHBEI R RT . LEZEE
flid % 72> DFEEAE & LT, Fig. 4\ZHEITRS Ol
EB LAY I NG H B2 w2, Fig 5T
[IRMSEA IR II/N & 22 r — Z 2 W THRI A & LT
Wl DR MRS & o TV ADS, Fig 60F
B A TIIRMSEDSFIT/INE { B B85 A — FfHIZK L
fjtft“%>m< GBI DRBREESMERoTVD, £
, HUDAOE— 7 BHEBEIAHDOE =7 LT LD —
ﬁ(b“(b‘tib\_ EDHEDP D S5, Fig 6113 LB
TS L7 0 OWMERG A DR L T b, B
AOMEIX021TH Y, RNNTIRTLEEROERTIEE
7N RO ARFEFEE R FHIME O AHEFEZNEATZ DOFEHE(R 7 &
LTRBEEINTWDLZEIIRD, 0umB I TaldZilgs
fiLkoTBY, ZOLIBRHHMIT TNV An~<
VT ANY =R T OV KT T 4 V7 —TIkIEE
DWW 554 T Ho Table 31273 X — ¥ D5 Hi
DY =7l SHMEERE R, 2 THONEE
EIE— R ET MR E KREC B R ->TBY, FFICH
ML AN F—OHRRIZE D H8F 2 —% B*1E 351
T ofilz &ofwéogwﬂﬁx—&%vbﬁﬂﬁﬂv
N IATTHEBIZOWTIE, EEARHVPLETDH S,
Fig. 78 & O° 8 \ZSST k-wﬁLOIL‘ETJDi’oJZU“}EZEAéi’L
728G A —F TSN TR B X ORI D5 i 2 R

J/\ .f \J "’:W 5
IR

!
=l ﬁ i
Fig. 6 Posterior density distribution inferred by the measured

k2

05 a5 1 1 14 o1 02 03

film-cooling effectiveness
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Fig. 10 Influence of the recirculation flow rate on the adiabatic
efficiency (Off-design G/G* = 0.259)
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