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Country T::: ?g;t;l;y Added Capacity Total Capacity Added Capacity Total Capacity
[MW] 2011 [MW] end 2010 [MW] 2010[MW] end 2009 [MW]
China * 62.733 18.000 44,733 18.928 25810
USA 46.919 6.810 40.180 5.600 35.159
Germany 25.075 2.007 27.215 1551 25.777
Spain 21,673 1.050 20.676 1.515 18.865
India * 15.800 2.700 13.065 1.258 11.807
Italy * 6.747 950 5.797 950 4.850
France 6.640 980 5.660 1.086 4.574
United Kingdom 6.018 730 5.203 962 4.245
Canada 5.265 1.267 4.008 630 3319
Portugal * 4.250 588 3.702 345 3.357
Denmark 3.927 180 3.803 309 3.460
Sweden 2.816 746 2.052 603 1.450
Japan 2501 167 2334 251 2.083
Rest of the World* 24.200 6.000 18.201 3.191 15.010
Total* 238.604 42,175 196.629 37.642 159.766
*- Preliminary Data € WWEA 2012
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Figure 1 Extract from WECO icing questionnaire regarding ice debris
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Performance Study of the High Efficiency IG-AHAT System with CO: Capture

I R

IWAI Yasushi

ABSTRACT

A pern E—!

ARAKI Hidefumi HIGUCHI Shinichi

HiR R

NAKAO Yoshinobu

A high efficiency closed-cycle IGCC system with COz capture was proposed in 2007, which enabled

high thermal efficiency along with the recovery of CO: from flue gases. We study IG-AHAT (Integrated

coal Gasification Advanced Humid Air Turbine) system, in which the AHAT system is applied to
the high efficiency IGCC instead of the HRSG and ST. A heat and material balance analysis model
was developed using a commercial process engineering application code: Aspen Plus. To improve the

thermal efficiency, we investigated configurations and conditions of the IG-AHAT system. The results
showed a feasibility of the system, whose thermal efficiency was 55.5%HHV (gross) and 40.8%HHV (net)

including CO2 capture and liquefaction loads.

Key words : Closed-Cycle Gas Turbine, Oxy-fuel, AHAT, CCS, CO;2 Capture, IGCC, IG-AHAT
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Development of Ni-Co-base Superalloys based on New Concept
for High Temperature Turbine Disk Applications
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FUJIOKA Junzo
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ABSTRACT

KOBAYASHI Toshiharu
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HARADA Hiroshi
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FUKUDA Tadashi MITSUHASHI Akira

Recently, we developed a new kind of cast-and-wrought (C&W) Ni-Co base superalloys (TMW
alloys) for the applications of turbine disk and high-pressure compressor. TMW alloys were designed by

mixing two kinds of y/y ' two-phase superalloys, Ni-base superalloy and Co-Ti alloy. The temperature
capability of TMW alloy aimed 50 C up compared to the best of current C&W disk superalloys, U720Li.
In the subscale study, the forgeability of 50 kg ingot was identified by the processes of extrusion,

hot rolling and manufacturing pancakes. The property assessments of the rolled plates indicated the

temperature advantage of TMW alloys. The successful manufacturing of full-scale pancakes of some

TMW alloys proved that fine grain structures of 10 to 20 x#m could be obtained and good processability

could be expected. Results of tensile and creep tests of the pancakes showed that the temperature
capability of TMW alloys increased at least 50 C compared to U720Li.

Key words : Turbine disk, superalloys, C&W, Ni-base alloy, Ni-Co-base alloy, TMW, TMW alloy, TMW-2,

TMW-24, TMW-4M3, U720Li
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Fig.1 Temperature and stress in the HP turbine disk.
Latestaero engines : 1000MPa at bore and 700C at rim.
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Table 1 120K % 7 1 A 7 MR OALFERIK %2 77T
T4 A7 WP - i (Cast-and- wrought,
C&W) #:E#EKia4 (Powder metallurgy, P/M)) A8
HbHo MBIEINIZRX=Z &L L, 10 ~20%DCr, 20%F T
DCo, 10%F THDMo, 6%F TDAL 5% F TOTL, &
wOB, Zr, Cx&t. TOM, W, Ta, Hf, NbZi &%
GULEEL DD, INLOEEFAILTIORMIE % y
A [Nis (AL Ti, fth)] oW THEELZ R EL3ETWa5,

Table 1 Chemical composition of disk alloys. (wt%, Bal:Ni)
Cast-and-Wrought (CEW) alloys

Alloy Cr | Co |[Mo|W [Nb| Ti Al c B Zr Other
Rened1 19 1 10 - - 3.1 1.5 0.09 0.01 -
Astroloy 15 15 |6.256| - - 35 | 44 0.06 0.03 | 0.08
inconei718| 19 | - | 3 | - 51| 05| 05 | 0.08 b
paloy | 19.5 | 13.5 | 4.3 - - 3 1.4 | 0.07 | 0.006 | 0.09
UT20Li 16 15 3 [1.25] - 5 2.5 | 0.025 | 0.018 | 0.03

Powder Metallurgy (P/M) alloys

Alloy Cr |Co |[Mo | W |Nb | Ti Al Cc B Zr Other
Rened5 14 8 |35|35|35| 25|35 | 016 | 0.01 | 0.05
IN100 10 | 15 | 3 - - | 47 | 65 | 0.15 | 0.015 | 0.06 1.0V
R DT 16 | 13 | 4 | 4 |07 | 37 |21 | 0.03 | 0.0156 | 0.03
N1i8 1156 | 1657 | 65 | - - | 4.35 435 0.015 | 0.015 | 0.03 | 0.45Hf
RR1000 15 |185| 5 = |11 | 36 | 3 |0.027 | 0.015 | 0.06 | 0.5Hf, 2Ta

ME3 131|182 38 |19 |14 | 35 | 3.5 | 003 | 0.03 | 0.05 2.7Ta

Fig.2 124 — ¥ ¥ 71 X 7 MBS O JE R & NIMSIZ
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.unn
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O ¥¢ Cast-and-Wrought (C&W)

b <& TMWalloys (C&W)

Temperature of 1000h creep rupture life at 630MPa (°C)

1 1 Il 1 1 Il 1

1960 1970 1980 1980 2000 2010
Developed Year

Fig.2 History of developing turbine disk alloys and target of
new TMW alloys at NIMS.
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Co-base superalloy (y-v')

(Co-CosTi)

NIMS Patent Application

Co W

Easier forging Most promising
Higher phase alloys @ TMW-Z
stability ® - TWW.Y
@ TMW-X
- Higher
strength
Ni-base superalloy (y-v') Ti

The right balance of Ni-base alloy (e.g., U720Li)
and Co-base alloy (Co-Co,Ti) achieves both high
strength and high phase stability

Fig.3 New concept for designing disk superalloys.
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Table 2 Chemical composition and y * volume fraction of U720Li
and TMW alloys. (wt%, Bal:Ni)

Alloy Cr | Co Mo | W Ti Al Cc B Zr
U720Li | 16.0 | 15.0 | 3.0 (1.25| 5.0 | 2.5 | 0.025 | 0.018 | 0.03
TMW-2 | 144 | 218 | 2.7 | 1.10 | 6.2 | 2.25 | 0.023 | 0.015 | 0.033

TMW-24 | 13.8 | 250 | 26 | 1.1 | 56 | 22 | 0.015 | 0.015 | 0.03
TMW-3 | 165|233 |31 | 1.2 | 61| 1.9 | 0.026 | 0.018 | 0.022
TMW-4 | 149 | 262 |28 | 1.1 | 61| 1.9 | 0.014 | 0.017 | 0.019

TMW-4M3 | 13.5 | 260 | 28 | 1.2 | 6.2 | 2.3 | 0.015 | 0.015 | 0.03 | 49.5

HEEETR

r"w : Volume fraction of r' at 760°C

Extrusion (50Kg VIM)

Rolling (50Kg VIM)

-y

Pancake (100Kg VIM+VAR)
T™W-2 W HP compressor blade

or

Fig.4 TMW alloy products by C&W process
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ZUT20Li & 7] 55 ol & MRk, £ L TRVl
BE2fT 5. ZD20DHEIIUT20LI A~ T0.2%I0if /1
DI HARESTOCIH L, L) &Ewr ) —THEEZ AT
5 Z ENHER I NOEBU N S5DZ L 5TMW
BEDRHVIREE & FEN RS FEAE S Nz,

Table 3 Formability, phase stability and 0.2% proof stress at
750C of TMW alloys

Rolling
Alloy | Fomability Phase 0.2% PS
stability at 750C
U720Li Good Acceptable 888MPa
TMW-2 Good Acceptable 977TMPa
TMW-3 Good n phase 951MPa
TMW-4 Good Acceptable 993MPa

Heat treatment condition after rolling:
1100°Cx4h, 0Q+650°Cx24h, AC+760°Cx16h, AC

4. NEDOZ7AY 17 b TOERMRET «+ XV 1EEH
RARDERE - 5
41 BE
AFAE - FIZENOCE&W 71 & 2 3%l @ 8 HI
rrmteyr— oy A7 o RWEE/REZ HIEL T,
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Billet, ®200 x 3150mm

Pancake, ® 440 mm

Fig.5 C&W process of manufacturing real-scale pancakes
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Fig.6 Macro- and micro-structures in the cross section of the
machined pancake (TMW-2, ¢400mm)
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Fig.7 Tensile strength of U720Li and TMW alloys.
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Fig.8 Larson-Miller plot of 0.2% creep life of U720Li and TMW
alloys.
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Fig.9 Larson-Miller plot of creep rupture life of U720Li and
TMW alloys.
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Fig10 Strain-controlled low cycle fatigue life at 650C.
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AA#AR2-—EZER0

Z ®Programme 3 20074E 2> 520134E £ THEfE S LT
W B BHEEN R D 72 B I OFFZE S DRl T
5L, HUZEBMRICIZERN 14 T —asE )4
THNTWB I L, TONEIZESE (RELK - -
Ivvav), FEE AVE— ORE REBRE,
e (EE, %4 B 040158 shTws
Z L, WIRIHH & U CIIBARZE S L O - #
G - HEAEBAR - ARIREL - BREF S A T A% EAHLY |k
FohTnwbZE, FillBloLy Yy e LTEFT—
Ny —K77 Y OEEAL - Kig7 7> - A—Fu—
=R 7 7 v - HEEHBAZ L) RiFoh
TWbZl, BREPRIHINT, F72, 20124 DOWF5ETe
FAFEDSRMN SN, WWHEZE (L1) ®©HiZCoordinated
Call with Japan& WA HeAH D, WL HA» S ZNhZ
00T r—ua gt Eh s 02 L TH- 72,

2. Plenary Invited Lecture
3 ®Plenary Invited LecturedS i S 7z,
Plenary Invited Lecture 1 : NASA's Future Propulsion
Systems Research and Development

NASAIZ B B > A T 2 ORFJE RSB A1 25 S
N7zo T E TH o 72NASA Glenn Research Center
(GRC) ®Ramon LugolXA 2 TRHTE R AR,
NASAD i+ ¥ % — ®Chunill Haht# 12 TR %
E TR R s W A

BAKMIZH B & N7z oAl W% 1E, Air-Breasing
Propulsion, In-Space Propulsion and Cryogenic
Fluids Management, Physical Science and Biomedical
Technologies in Space, Communications Technology
and Development, Materials and Structure for
Extreme Conversion 7 & CdH 5 25, M5 Tl
HE BRBEEAYE, REMIHEANTY S BHHD
Holz. WL/BUIINER, BEME BRRE, HREES
ENOx#BER:, A — 7 ru—%—, BEN[ ALY —

K77, 2BHEY—IV R, TEOHEEZ &2 v,

T0% D BRELETH, 75%DONOxHI I, 90% D B & KI5
y =y MR ENT,

3.1 Plenary Invited Lecture 1 @i R

Plenary Invited Lecture 2 : Advanced Aeroengine
Technologies to Reduce the Effect of Aviation on the
Environment

AGHEE, BRIEMEICEE LTV A HiZEL ¥ Y Ok
W7oz /uay—ofhERER LAl SN, #EE L
L T ¥ L 7-Rolls-Roycetl DParker# i A5k H T & 7
Mo 72728, Rolls-Roycetl:David Koyamal&iZ & - T
WA Sz,

FEEHANAL, MR Y VIR s N BREEE AT
BE4 2%, Rolls-Royceth THL Y #LA TW 2 BRI #E A
B OYFEAM T 25 Th o720 COMIE & SFCH
WICBIT 2BAAR SN, A—Tru—¥—, &l
PRBERAN, NA BB ORI, MEBETFHE S AT 4,
FHe A 7V 7% EVCBT B HA RGN S iz, —
MIZEREIR E Vo TAMA BT 7 u—F HiEdH 5
CLEYDTEKTELHNETH>72, F72, Charles
Rolls& Henry Royced 19044EI1CH D TH -T2 & E 05,
Rolls-RoyceDFEIZZE DL > TE ST, HWITHEH M2 Mt
2L 2TV ORIIHE Ll TwW b BOHMYRH o 72

Plenary Invited Lecture 3 : How to Develop
Sustainable Low-Carbon Society (LCS) for Japan and
Asian Countries? -Model Simulation and Roadmap

BB OWFRETH S ERBIEZ Y LT 572012
ARG S Nz, AFHH T, FICHAZEDT
VTHXEMNGE L, RRIERFEHEZIEITH720
Du—F3y 7L, ZTNEMEITLZODY I 2L —
¥a YFREERR) ANTAIGEECR IO W T E N BRI SE
O RER 2 X o TEED 2 Sz,

WERBRBEMEZEN T 572008 K B %23E
(Energy, Environment, Economy) 2% 4 Security
MR 7z [BE7 7 AS] &3, 4HBEADPHELRE
75 18] 133S (Smart, Secured, Sustainable) ZResilience
ZMz72 13877 AR] THAHARE LOFmMVERIN
720 WHAKRESR 2T 3 F— MR 0ONETEME % 48R
L7572 0 22, IS 720 2ARAE L 724l 2 1.2
T, MBI B/NR 0 H S0 & et 2 PR 9 B 4
IANF =Y AT LAORENRTRTH 5 & DRI,
i TOOWNMETH - 72

Btk T TOBRRFELE~D T F Y F1L, FoimHiic ik
95 [FI2bADME] &, BRESE~OHRMLZE
B2 [HyFerf0tta] 2o TE 41,
TIRPFM ORI E 2 ANTAE T AT L7 A4 VOE
ke, MAEHOENL VY TR & AR TR T
BAMAEY NE, A DY MAEREN T 7 PLTE
el L EBBWIIERIEOLNIZNETH -7,

3. Special Talk
2 D Special Talk23H X 7z,
Special Talk 1 : Learn to Think Like an Expert
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IGTC'11iZ B\ T IKGED Wislerli =~ H A& 4 A
¥ — ¥y FERHERAOREAMTbR, R~DZn
EEDLETRKICL 52 LYEFICHT 20 I % Sz,

A TIIHAN = F 28— b LWL (novice) LD
WP HFBRM AR 2 BE» SIS, =%
ANR—=PMNZHhBODORBBEHERTERPAHP D R T L
RENT, A BBEWRICBWT, FHFE (Facts), H&
(Concepts), —f&1t (Generalization) 2SRRI L 7 A
TTHY, THEHMHEIXFLooFMT %2 & TH
JEOMRRDEEL 72 Do T A78— MIFIHHR % &8
L Tt =Dl A (Conceptual Framework) # H4®
HFICIERLTEY, s oaERHEz vy -k
LTz, Mk 3 Nz Bt e LTREMNIZE X
bo THIH L THLHE, e 0HEZI0E LTl
P2 e A 5o B IS L S - MR R %
BEEEL, HLWBIR - PRI L7z & J12, JRkAR
WL CEW %2 T8 5 X9 % 8% (Critical
Thinking) #17% %, TF¥A/X—bDOBERZHFIIO
JRLEDND L. TOZDIERRERERZAL LD
BIHRDORZII BT 2HEETIEIRATH D, FEEEHE
W, ZEPHOYHRZ KB TEL L) BEBE IR ST A
T 2 BENRD D LRI NI,

3.2 Wisler Bt o#

¥

Special Talk 2 : My Hope in Young Gas Turbine
Professionals -Approach to Technical Opportunities-

JCPratt & Whitney Canada®FH R Z T & L C,
FHEREFHMA 2 NF L L TAEEIfTDbNI,

WA, avFLyd - F—ErorEmE, Ehkk
A, A AYORELEAICEY) ENZTON A S
VRIS EAPRAE NS 02 ERINITRL,
ENBMHTIIRWAF ¥ Y A REINTWSE Z EAUR
ENize TRHOMEICTF Y LY U3 5120F, FHIC
B EOEIRRBITERZ LBITELH, BN
1Z” Outside-the-box thinking” 2SLET, Zofl & L
TEE WA X 2 BTG G R 38R & B TS S
IRENTze F7z, B SNRREIEMEICIIZ OB B R
WD, INOHERCHEMLA) ZTHEA - Y4BT 5
PVENRH DL EPBRRENT2e RWT, HIKROCFDIZ
7o & ZIBAMOYEIIHIE ) FAMD 28, B
MOWEIEE ) THhWI & 2P, #BEEICCFDICKA
FTAHILEEATHTHY, & — RO IEARN 7 R
T3 2N 2 BFSKRYTH B 2 LRSI Nz,

% OANDEAy - AR HWIRIRIEILASA R 5 — ¥ v #
WEZHDoTVDE I ERRHARREKDOER S AT
HBEN, ‘WEHETIEIDZ25L0 200 H 5 EEIZF v
LYY LTUILW e BB I3 28 Ch
5 Z EThHiD L bz,

4 . Panel Discussion

2 £ »Panel Discussion?s @] & 7172,

Panel Discussion 1 : Trends in Aero Engine
Technology Associated With Environment Issues and
CO2 Reduction (Short- and Mid-Term Strategy)

BRISRAMEICR T B AZE D v U v D4 - G A RS
FT=RETELNRANTA ANy T arsh, 6%DIR)
A b BB TER S N7,

B, ELR@EE OO, BRERG 2 RET
LA S, EIBRMUZZITR L TR 2 %D IR E Tt 3L
RKENTBY, 48, COUZ2WT B H LD B A3
HOOBH DI L EMH L7z, KIZ, Pratt & Whitney O

<

i

?-- - a=w -._ e - ﬁﬂ.‘—-- -— e

i)

3.3 Panel Discussion 1 ®IR#
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AL X2 —E L FR5%

Epsteinfdi1:i%, Geared Turbo FanT > Y ¥ (GTF) ®
BIZSIRIE & TS, ek v U oty 2 IRRE, KB
FTAY v MEIZOWTIRN72, Rolls-Royce D WeekslH#
+ix, BEZCOLBEEWIMFHET L2200 b
L—F+7 & LTHRR, BEHEEZMS L TCO% KIF

K TE 2 OOREEFALTIIHS LA —Tru—5—L,

HIZCOARIK TIE S 2 DS K 2 BRI AW RE 72 & —
RI7 VIV I VD2ODEVPFEHETHI R LT,
THIOWREE I, COARMITITIREE E & O A

HETH LI L2z ET, Wise LTRELZ LT,

REBHEBILEAMH, £ 3I v 2 AEAM LSRR
BEMDT7 7 VEB LY — ¥ VEA~OBH I 728
WBAFEIRIL 2 S L 720 JALOTFRER D 513, /N4 + %k
BOBLR EJALIZ BT 5 354 F BRHRAT 3B R 2 Hols
12, BB 2R EHOMEN R SNize ANAD
ORI, ANAZVv—7xzauy—75 20082011
BT BCOHNEHEEDHEPFIZOWTHISr LIz, SF &
FRERO%, RFEELEOERDIS, REAMNEZK
T B SCERM R B BUF SR % S 6 bk
LTiTo T L DIBRERD D - 72

Panel Discussion 2 : CO2 Reduction in Power Plants

KRIREBERHEG IS BT 2 AREREHOREDO Y
va v, REBMHOOMRFMET—<ELT, &
SHCTHBTA2EMEIAICLD ANV T A Ay v a
B L 7.

LI, ASHEORIERKOHHERE»S, =41
F—BIOh—KRr7u0—KoHKILE, ¥+ FHH
DF, HMBAROER, SHDOA /) RX=T 3 v~\D
Hifs 2 Bl WCREER MDD 5 720 RWT, ETHD
Abhari##EH» 51, BRSO 2 AHOEGRED
EEBERIRDED, SHELREHMEEE 2 2 MERSE
VI, BMEENORILK, S, BEBRFEED
5 RIZKITBEEONFAANDHFESBRR SNz HA
A KT OBF) AN b, kR K o EEEAL, IGCCH
2 —=rva—=VEMRE, IhF TCoHMNLEOZLE
&, SHRYBEINDHEFEAREIZOWT, BEAMLEAS

Bla &b THAP R SN, HEOBAK2 S, Z#
i 3 D L & B B O BB IS D W TRA D S -
720 BUEBZEDSHEATH O AR KB TH 5, &
JESM T COMBERT I, EHESMA T TORBERIL,
FBBEC X AL E o 2 EZMEOFMICOWT, Fh
ZFNORE L S5 HOBEATLE LA SNz, 2REH#
T, BELZVYZTHERBEICBITEAT AV, &6,
BOROBEYE, COLRUIC BT 5 BRIEGH & A& m2%
PEDMER 72 &2V TERAK O, G RHAE Ak
I REWE - MRMWATE OBLE & £ ORMRE RO 5 INE
Lol

5. Forum

2 O ForumA¥1 b7z,

Forum 1 : Trends in Aero Engine Technology
Associated with Environmental Issues and CO:
Reduction.

Mz > Y Y HMIZET 5 RIEIEIZE S5 7 + —F
AN S, K- Bk - B s Z2hEhoRHEHH O
S fibi:.

KE A 5 IZNASADKenneth L. Suder A% #EiE %17 -
7z. NASAOMZEEM & LTid, BE&, NOx, B#EIC
LTI TICHMEHEZZRELTBY, ToEHZmT
THiA OBREPHIEEN TR LD L TH-72. Bk
CEICHL T, BERE RO OPKETENTE
D, WINRD LYY Y OUEIHEP PP TVREED
e Thotz. SHLELEMFHOMIZIE, #EEEOE
Fb R S 2R OBA B BIFICANTWE DT &
ThHo-.

Fx I 2> & (3European Commission® Denosk A% i i
2757z, EUDTGMA & L TIINOxD80% K, B D
50%3%, CO:D50% % HIFL TWwahbtnZ & T, -
FHHECEIAINSL TH A ) BHoO=WItiksl, Kdo
HllH 7 &1 2T, GTFDE & AT M O HA 7
EIZHHA TS LONETH 72,

HAD S IZJAXADVERAHH 7572, =0T >
PERED ) LICFH - L ) B E/NA R ALOEBID7201213,

3.4 Panel Discussion 2 ®IR{
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3.5 Forum 1 ®IRH

BRI L > ¥ VXL L~V TGS L Tw
5 BOHMADD - 7.

KW 5L, KELBEHIH VBRI DWW TERM
BHEEONZ, ZNISH LT, KEEZREICHWLZ L
& [challenging | W z ICNASAIZ YT, RALAKFZIREL
R, RIRT A% ERIZEZ TV AEY, B2 HIMICidK
ZEMETEL 2B 2 0WEORELH 72, T/, EU
IZDoWTIE, BEEMOBEIZ30FEIINETHL L, &
PEEADREMATEBNZDOWT D, ZOMEI IR %
HE L L ORBSBRRON. —J, JAXAP SR, O
v FEMAVKFE O WIZERK b H Y, REINEZET
RS D B B OLIRWEE YD - 7.

Forum 2 : Asian Energy and Environmental Strategy

PAE, PEOSELBEEEEZEICEY, TIT R
DIANF—RRIIEF ISR TH L, —T, =N
¥t DO, BIRMER, BEREZR EHIRBEO
ANF—EIERER>TWVSE, 2OL) RKRKOH
T, HH# 3 AEICBIT S RED T AN F—FiF L 5%
DODREZICHATAERIBOY L LT, TOT7+—F AW
FfE 27z,

LD, FEOWen KA ENZBIF 2 HRED T %
VE—IZHT2 My 7 22/ Lz, HEITIEA RS
FELEIANVT—FTHSL I Lh 5, IGCCOWTERTE
WEEANATONTE Y, FREEFISDOLEMD 5 CCS

OB PEH L HH I N, UL, PFEOLnK
HHIE O TIEL I 5 A TR 2Bt o8BI lT %
EREFR LTz, PEOGEITICBIT S HE AL CO,
Bmo b Ly FAREN, 19704E18H 5804 2 B2 2l
REAH =T PNThB Z EAIREINT,

KIZInha KFOKImFEEAHENI BT 5 T4V F—5
T L SO 2 I L7z, BEIZ T AV F—JH01ZIZ
ETEBMACHEH> TWARNLEDZETH D, FNRMY
WKWIAVF—I v 7 ADOEKEELV.TTEY, £F2Y
T4 —DREEREEFAIN . FAY—EIZHL
TIZIGCCOEE 7ua ¥ = 7 b H20064E A 520144 F T
OFETEBEINTBY, 300MWOETFTIVT T~ bT
L2%LL L o®FEE HIEL T b,

WBICAERDOREL LT, ZRIVF A TN
OEREAPRIED T ANV F =R ERBA L7z WAERK
BEOMBEHEWICIY, RILED) L REEORER
D30% Kb NI, MEPEEZFEVY 7228, 5
BT NREVHER LTI TH A ) 2 bR N7z,
BARTIEE ®DCool Earth 213 s THB D, 20504
F TIZCOZ50%HIIRT 5 HEIZEE SN TV, 2
D7D DOFAMi L LT, Clean CoalRZi4: 7 KBMIE T
BEZoN, Tt 7 va T, KB NAF<
AR EOHIANF—OBEAZEDLFH LD LT
Ho7zo

3.6 Forum 2 ®IRM
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HA#AR2-EZER0

.
4. 22hin%

km A* Sem EHAET hBE ™’
OHTA Yutaka SHIBATA Takanori ITO Eisaku

221 B O L ORI, WTEEMEERR M (3
kv vay), alEMEERR 4 (22y > ay),
7 — ¥ BRI (5 ¥ a ), CEDBIRA 6 #
(2 vav), ZhiitBFEs3m (1kyvay)
THRERBTHTH - 72,

i 3 i % B 4 B T U, CFD % H W 72 11T fi b
D FEAL EOGVDRREHE (#064) %, BEHHBE TOIH
JALH & Fa 10 L 72 B o i it F i o % (#055), B
BRI 2o s AR R OB % (#136), ZEE#ETE
MBI BT B AN FRETI (#046) 72 L, %5
FHEORBRLRBHENIHT 2w LAELI N, £LD
kA ED L ETERLHRPER SNz, 2ol
2iE, BwEYA Y FIVEEROEEERNYICH
T 5HEERECFD (#030), 3L KR AN )L 3 A 12 Sk o
VL THAT 2 RMmRN O MO KR (#056), Ik
EV T VLY MK BN OEE L RIRIUT O
(#106), BRI —LVHEHS2LORNTENLE EREOT
WITRKN T 2 kNIRRT % %8B L CFD (#220)
ek, BEIEEFTAEE OICE & Rk T S
EhRERIN, F/2, = bu i H&RERE T
T —7 DA% & CFD% AW 7-MGE (#108) d IR S 7z,
HOOEARRRE B T, 2 BRI ET -
B L ZoMm (#035), PR — 74 7 o — Rk
HER - YRR 2 A58 (#040), GA% v 7zfK5%
Wil 7 1 7 2 —Foidat (#165), B X UCFD%H
WM R O RGEREHEDIRE (#174) K Iz,
TS 22y v a vid, mRKRIEHICRES
NHELHY, ERGHEHRSICH L TSMASR D%
, BRELVPOBEELERLHmHILRATH - 72,

¥ — ¥ YRS TIE, BROKPI WS — ¥ T
HY, FYVTNIY -V ICHTAREINET VTV
¥ — ¥y Aot (#162) & HEARMWNZEFIHH IS
FHORZE (#007) OFICEABE LTRY B IFo5h
I X ol WY — ¥ VR TIE, BEEEBEN

IGTC1I L RE S

* 1 BLARECSE L Tan il B A 2 - A2 A
* 2 GRHIZBUER  HIZWRZE

* 3 ZREMIER HAREAE  mere

DIRBEH ZRHT (#020), FHUH 70— 7 & 0T HEE
(#194), “RFENARE & Z ORI 72 FEM 72
HIEtl (#113), RugiRAIEHERE O I 7 i
WCRATTREICHET 2 ERIIE (#117), ®EHEs —©
VEPIOBEHE T HICET ACEDENT (#248), & X#H
MOIEEFERIEEICETINENSL BEEIN, &
DAL, BEAMOZIIZHE ) kiR LR L
R (#063), FEMRFRLT Y N7t — W ERBER I > 4 1)
YN X B RN O & g L (#076), AR
B~ OB T 5 &FCEDNT (#175), 170085 #%
ALY —¥ YRGB OB - 220G (#215),
BB RN E 7 4 VAGHRRE DT (#152) »°
BRIN ROOHLFEREL T, RETAET
Va HW-CFDFEOBE Ll & — ¥ ¥~ 0 )
(#125), BRBERBOER X H = XMW T 5 ERO
B OB SN (#254,#255) 0

CFDHM#TIX, SEY YAV —NabofEhiih
AT (#114), F&% % — KT ¥ ¥ ¥ fiMixed-flow/E §i
o A4 2 NI VESIREO BN (#205), 0 H#E
BOWESY - ¥ XNVEG O (#239), #idkz
UV RIEAER O BE R T W T TOERIALR DOFAT
(#241) HEH»FFRINI, F72, Cambridge KFDOW.
N. Dawes# 212 & AT M L FHREA F — 2 O #(L
FHOREL ZOEMBMICET L3R (#072) 135
COMRRHED B & ILITHEM S K XTGFE % HEam AN B
Shiz,

22 RREIBAE T, wide-chordBH| DFEAZRGHEDH
% (#135), TeslaFEMitRD T4 7 o —HF&ehICE
5HEERECEFD (#201), HilHBLXPRFI~NDAA —TH
VEEERT 7 YRR 2 B EE (#127) BREINT,

22 Jy #% FF 4 ¥ 1%, Stability Enhancement %
Turbocharger Technology2¥ iy, L7zt v ¥ 3 Vil -
BELDY, AFERORE I DA LEIBAT DR
Erolz,
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5. (n8 ¥

BB HIL AIHORENPSLRELS Y Y a ¥
BaredPL, 130ty ¥a v TH&H3ME (Keynote
Lecture 1 fi %2 &) O EH I NIz £y ¥ 3
VR RO E LT, BEEHEES £y e
v (Heat Transfer on Film Cooling I ~ V) @ H T12
i, 2SR A 2 2 v ¥ 3 ~ (Heat Transfer
with Impinging Jet LII) ® T 5 #, il fFAT B H 2
+ v ¥ a ~ (Numerical Simulation of Heat Transfer
L) OHT5#H, WIEHIEE2 £y 3 (Internal
Cooling LII) O T 6 #w, BBEANEEL Y a3~
(Conjugate Heat Transfer) ® ™ C 3 #, FTill: B
v ¥ a v (Heat Transfer Measurement) O C 2 #i
THolo

EROFERE (FEASER) O%BiE, HALS, HiE6,

42, WM5, KES, #HE1THE (HE»LDOH
BOyD R VERIZEEOZEDBETE W), Eith»
LORERUENL L, MENEDLSE2rONA LXLVT
HY, EBESERICHLLWIFRRERICE > TWa,

WIS, BERINIZGLOHDNS, WOMEHTRE
bOEIY FIFHHIZHTT 5,

G EBE 2 v ¥ 3 » T, Keynote Lecture& L
T, Ligrani# 32 L 2 REHNC X 2 Z=2)1HEICE T 5
WRZeBI K S N Tze #138TIE, B IEF 1M o 5 &
BICE 224 Yo F Yy ZA0BLE 2RI X % H
DORNEAS, BHI KBRS E [ OPSPHEAN % Hl W T S
TWwh, #148TiE, PSSV AKEL—va v s A4 728
T AT D7 4V LFLEEIZDOWTTSP (Temperature
Sensitive Paint) % 72 EERIC X ) RO 25 Hxh %
MG SNz #057TIE, ZHIOT 4V A{LEROW
RV OB IO FH & GO FE AR 2 R
57-0ICLDVE VGRS REZFER_L, 74 VA%
RN O R & % HRI R O BRI D W TERM 2
BENTz, #227TIE, EAiHEMRIGH TR S 5 EHE
FIC5- 25 T2 K7 4 —IVED 5 OREGEI DR,
PIV/LIF##E % H W TN E T b, #122T
X, = VEIOTY P+ =)V NG sz
WHILD & OEH =R O BGASE %%, Random Flow
GenerationiE12 & 0 i B) K5 % Z 18 L 72 LESH#AT

IGTC1ImXZEE&
* 1 HFRFLEIEMW S X7 2 T2

firvy  fd— !

FUNAZAKI Ken-ichi

THLMILTWS, #234TiE, Open FOAM#% Hw
THALGEIFL & O HZ2 R O I 7 2 8 % LESHAT I
LD ZRA TS,

#085Tl%, Double Jet Film Cooling% 78 /# X 2 H)
FLHTTBIR & M H IR L 72856 0 Bt R4 # RANSH#?
ko THEL, TOBRPELTHLZ LE2HHEL
TWwb, #058Tl, WHILEZ AT HHEFBEET N EH
WC, EFRELAAE LB HIR R I & IR
LOREMBICE 2 2B %, KRS ELOCEEF
RANSIENT CTREMNCHRA L T\Wb, #195Tid, ik

DEHHZEHKRE I LI (Cutback) O®WHMNZ T 4 ~
TN EIEH L 72 7 )V TORGHZ)E K O BYZE 5 %,
IRAAZZHAVIZBERZEICLVHLNIL T A,

R EHME L v ¥ 3 Tl #257T1, MR
ZHER & 5 2 7oA ORBGEEE A L Tw b, #003
T, MEHEIECSEEoME L E L 27T A M ET
VERWT, EREHFIICTERS ORI Z AL T
Wh, BMIEfLOBIRORRSREL TH Y, Himme LT
EMUEARI R TH B & LT b,

WEBGHIBEE L v ¥ 3 > T, ZSEMNEKICET 55
Mz dRAE (#216,#226) Rt (#077), 74 » 7
Wiz EOWERIET L\ 7 4 T OIRBAR R % i 2 7201
BT B A (#103,#149) ¥ ¥ 7 1 ¥ O
DORRICET A (#203) bHE I w5,

AR B o [ OV AT B & v > 3 T, #086
MBI 2 AT BRI OEE DA 2, #164TI3HE
REH Y A5 A THO LN L GHEDREST %, #204
BHEREERE AT L HEAORMRESMiZ, ZhEh
WEBITICE o TTFM LTS, #198TRBEGHEZE
5% B L ARER ST A ERT— Z IR LT,
RANSHEH TOFHZRATEY, HEFKEFVE L TIZ
BRETFNEHT HSSTE FIVASHBH BAF 2 5% b
7253 EERLTVD, BRSO %, DES
RLESTITo TV A Hb M SN TS (#016, #060)o

FoMDWFFEE LTlZ, CMCH THEAE S L-HPEH
Y — ¥ RIS T 2 BURBES B i s h Tk
0, ZOGHEREOZYTEE MY v I BT AN
ERHEIN TS,
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Elzkﬁz'(';‘l t/?—/r\wf

6.1 BIE

PRE B > — g3, CB (1) (BREH 31k CB
(2) (BRBEPEH 1) 3k CB (3) (BREEHEET)
21k, CB (4) UBRBEHZI) 21k CB (5) (RBEH
1) 31F CB (6) (RBEZRZT) 31 CB (7)
(BRBEZRBIZE ) 31F, CB (8) (UBKIofghifb LX)
31k CB (9) (BB ¥ftfEsr 1) 3¢, CB (10)
(BRBED AR T ) 3 1ho, &FF28f (EMN21LH:, H

WTH) THolzo WHARKEKOZENLE S N2,
T (RTRNE29MF) oL 21,

H | D20074F & 13
PRBEZ B L 72 BRBERTE R IR BRAL A~ O BILAYE IR
WHFENT VB Z E2fibN b,

6.2 M#¥
CB (1) () oty a vizBwTid, N1 e
B 3D EIMTbNT, #013TIZ, KERFT 2%
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