421 BAAZEZ—E>

24 A
PR

Vol.46 No.6 2018.11

'’

oy

b

W8 WA Y =¥ VBT BIRE - WEIEA O B 1)

HAY—E BT HI58 -

7 KA D s Bl I < R
Latest Trends of Heat Transfer Researches and Cooling
Technology Developments for Gas Turbine : General Remarks

C g
Ak !

FUNAZAKI Ken-ichi

F—J—=K: TRy —=Vr, ¥—=Yr BREL (z2 &G, EE:, CFD
Key Words : Gas Turbine, Turbine, Combustor, Heat Transfer, Cooling Technology, Experiment, CFD

1. [FU&HIC
MEHTAY— Iy I UVREEAN AT —E
(LLFGTEMT) X, ®\milifk, s tomht 2y
EIEDAL, BiREOENHPERLN TS, GTOH
HALICBI LTI, TG EORS - R ER T — T 1
VITEMOBESOMEDL KRE VD, GTICBIT A{nE=
WHEAMNCBE S 2 WEDOEAEQDOTEE KD RKE W
CLEMERIZRVESS INEFTOHARTAY —E
VEESEETIE, GToEE L, BRI EZERAT L0
DAZE - BB BT A4S E LT

- 19974 Vol. 25 No. 97 [ il - BRIFfLO A L B
(FHEBA) | CBREHE © IRBATZ K)

- 20074EVol. 35 No. 3 [ A % — ¥ L IIBIT BI5E - %
A CBUHHE  HHEHK)
HHLY WD SN T WD, F72,
T,

- 20044E Vol. 32 No. 4 [# A% —¥ YIZH#$ 5CFD
(BAETAARTIS) AT OBLIR] CBRUHS © KIHHEHIC)
PHEATSN TS, E£H Y, LRoFEiLHFEof T
[HAF—¥ O HIMEIZB T 52CEDRMT] v, [3Ab
AR ER I 2 s HfZedh ] P& H 2 THWT
Wb, I OFFEN S ZHIZIERBLTBY, 2o
BIGTIZ BT B a8k - WHEAMN 2OV T H L= O
BERPFERENTVEZERS, ZDF L3IV T TOR
BEREEICD o7 bDEERAD1EH 9,

SO ELEZRETAZE2ZHMELT, UTT
EGTIZBIT 2 1RE, - WEIEM OWFZER s 2T %
BURZ WS 2 & 12, SHROBEIIOVWTHERS, F

72, RBICARKE S ORI O W T EICHEAT 5,

-
—

NICH#ET 0L L

Efiszfr 20184E10H 9 H
FERERFHETETL ¥ A7 LA TFFHEW AL o — X
T020-8551 kR R 4-3-5
E-mail: funazaki@iwate-u.ac.jp

* 1

_1_

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

2. GTOGE - FHEMOEHEBRESEDESE

2.1 2017ZIGTI Scholar Lecture
20174 ® ASME TURBO EXPO (L. FTE: # 3)

128 v T, Ronald BunkerX (JEGE) #%‘Evolution of

Turbine Cooling® % # 4 h )V CIGTI Scholar Lecture

Z41-> T\wA%, Bunkerltld, & —V¥ » 7% EEimilmo

WHNZ BT % 5% < ORGSR 5 19 20 15 H1-80 o B

FEL LB, ZROMHTGR L@ L CCTICB T 515

B WHIZERZ ) — F LT LI ANWTH D, 201705k

ML, EBROGHIS —CURPHRALL L OEZ T

ROD, RELCBILHE—MMDOI —E Uif7EZ L L TR

B Lol 72 9eiG 8, BIVEIGEIR° 21 5 Offdl, #RFiEE

HOERKEDTIRENAETH Y, FEWITRBIZED

bOTHb, TOEFIIUTIZIHICEFLEDONE,

(1)7 — & YEOGHNII60FERE» SR T D, MR R
R DO T, B X505 MU I SBA F O A
RORRE LT, GEHMEIZ0I2507F TIZmMEL
Twh,

(2)GTD 1= # - 5 B Ak @ 3/ MK (State-of-the-Art ;
SOA) &, BZ C OWEGHTHEZ X—AIZL22%
AEFT D SRR - 2B OREARN 7 1 )V 26
HFP: (shaped, HEML L) CHHBFER L%
CERMEAEL TN,

BIEHBOEGHEMIZ L > TEEHEI NS 2HL LT, #
Felp X vV VHEEEEE, A OWEK, VAT LAOME
AR, BT AN, R, 2 L TR
[[%€ (Quantification of Unknowns) 7 E3ZFIF 51
%o ¥71Z, Additive Manufacturing (AM) OE)E %
WE A7, BREFEBE LA LISHFEEO (B,
micro or skin cooling) ~®iHH.

PIF T, Bunkerl KOBIAE L 2D, GTORE -

WHBAM OBUR & 5D ELD HIMEEZE S TH D,

2.2 DEFIUGBIAE - S
GTOIRE - WwHBWMOHIRZ S L TR2E %W

EFB2NDH S, —21&, Han, Dutta, EkkadlZ & 5% Gas



422 HAEZ—ELIZH T 2EH

CAEHIR O R AEE ¢ REER

AEAHR 2 —E ¥R

Turbine Heat Transfer and Cooling Technology”® C &
N, B —DIEFHAT RS —C VEEBRITT DL [H A
y—E YLy "Thb, ML B2010EEHE THOTE
TRRENTWGE RS2 I, BEAOEBEISIHT Y,
MER B, IR D, 7 4 VAW, EfEoRER
T4 R Fx T 4 WK, ERFEROBEREDLE T
DG EHAN-LTBY, TNLENOSTTFDOSOA%
5 ETEELRBRER>TVWE, ShHLDEEEZSBEIC,
{REAITSE - & HIB O FEH5 BB 2 s 2
T 5.

221 ABMRIEE HMHEBB(RZEICOWTIE, BUERAT
NOBIEEDOE F Y & & B2, EEDOTETII MRS
EOREWRD T—~ 3Pl hoTBY, TV F7r—
VIR B &, X 0 B R N T OIREUZE L
BHEELN TV D, FEBE, DN RELDIE H o
xR waked@# 2 X 2 BRELOE Y ¥ a VA
RITIZIFEALERITFONTO R WIRETH B, B
IZBJ L Cid, Zhang, Hell X 2N iLH DB E T2 5,
BOPEELZHEZR VLT TAS L,

(1)HE U T OBGRARR I3 A EE BN - & L
T, AOmhoikiE Bz, X ERMET, RED
FE—E, AT—=N, Ky VAM)=2), =TV
7L OMER) (Sviz 5 &, BYERBROZ 1%
DIGE) HEHROMEHETH L Z &,

(2)# # it (transonic flow) & fK##i (subsonic flow)
&T, BUREGAIZ N R D3h B 2 &,

(3)FL e B C D 22 S & i L & O TR R
MU RO THLZEE, ZOHLZHERIWE) TIFS
Z & TN ORI 2 Hill 38 T 1L O BRZE D W] ek A%
HbHT L,

KM Z IOV TORED, BRI R LB Tk
I2X 20T, EHOMILFYTIY RIF0r5EL%
REW BRI O N WEFE, &ffe L TIIERE—
FIZAS TR EES>THB/ETIELWEAI, BB,
FEHL S 29agh, WHIZE 2 5ROV TidBons™IZ
Lo THLIMHINTVS, RHHILD 70t 2 H%E
I THORAEMGICRES R 2L L, KM SICH
FTBNRTG A=Y DL L, KN T A — 7 DEFEERL
EEHGITRC BT LY, EMMSEF YL v
VT T =TSP, multiphysicse T —~<Td D
DR, TSEMMMMED T ich b 2 s, Hilzieil
M TOY MADFE NS,

2.2.2 AEHH NEEEEAME, AZBIFEOIEART
HY, CTELLHIN» S OB RKEWIEEREOERI D 5
A%, GTREA ORI & AR - T X 0 #HE 2 N R H 5 8
BHEFEINTNWE, 22T, BMAORKE LTI, [Hiz
T A TH ) 2 H5H2000K1C D ET A HimBRE T Tl
HEansz &, HmdbtThsd (BH), MRl
THREPIRENZ EREITONL, £ LT, wEHICH
HTHE 2 22 A DO HEIC D ik LWk 5 2 &, xS

—2—
Download service for the GTSJ member of ID , via 216.73.216.87, 2025/06/07.

I B BE DR B RS SN S 2 L S HIA
S OFBENFAL LTV &, T2, EAI AL 2 B
WCH B 72 ONET G e E RIS A b 2 B T
WHEINLZE, ELFEITFTOENS,

NG EI O BRI, WIEREDEIE W) T A T
MR ELRET LI ETHY, FNEERT L7200
OiREEE, OEHMIEIR, GBI O#E L s
BB OWKER S Z ENEETH 5 MiLEEEOM
EZRTHOWEERLTH ), ZIUIRERETE O
BWHEO—>THH b, BfmiERIL, —HIILA IV
Re, 775 v P VEPrR2RINH SITKAET 225, Who
WEBICE->THRELIZLT 2, T/, BmERICE S
THNHRIREENICTE AT 2 S ORI EETH Y, BE
M OMENTTNE 22T TR, BE_EOBERE D282
bR T T 720, BERE S oLt i &
TR ZRT L DT RV,

GTHWNERG HE IOV TIX, 41 Y EY I XY MG
I, ELAEAA TR, Y74 v ERENFER I
U AENZe B3B8 LT\ b 74 » 7V, latticework
IR (74 ) WX B2EHTH) R TH
AH =¥ T ] IZFFE@®RENTWwW5D, Ligranild, €0
fRFFL YO T, 20034 F TOHNERE HEAT & 2N LL
BElCBIZE SNl & oLl e L% 4T > THB Y, Hilio
WS ABET 2 ECTOREAFMBERZRML TV,
Fig. 1 ~ 41%, Ligranill X o TEH Nz, Fix OWEL
WHEAN (FIAZBIHE T N A R) 12 X B BYRERDOHY
mE (Nu/Nuop) & BEEABOMME ((/f,) & 0%z
29 Fig. 11320034F F TIZI8 4 S N2 N ER &% H1E T o
BRI TH 5. ZORDS, (/H=20H7-1 FTi&
Nu/Nuok /£, B2 55 W IE DA B (Reynolds® 7 F 1
T—ITHIM) AL, f/fo=20%#8 2 A X Nu/Nugld|%
IZHHIT L DRREIC R B T W90 b, Tz, IESNT:
7 — & O TEFRARERD 7 — ¥ 255 b % <, Nu/Nuo
RI/DV IR E=7HHREINWI RN
Ao TOWENS, HLIIEEMR RGO B H
JEORWFETH ), WHEHNICEH S M 22
ZH5bHESF 2 Ao Swirl chamberlFE xR OwmHI 2 &
WX W BNZ T, WERIEIRLK TRV RESR
PEOLNDLDOPIFHTH L. ¥ 74 VITELITRMHEARIC
FMOMEMZ R L TWAA, BUmEIZIZR R > TW
Bo TA YT VIMEIRKTH A%, BUZERMINE S )
EWTH Do, Fig 2121F, WhW HEBMHET /NS 2D
BAEMERE L LT < HW S NANu/Nuy/ (t/f) V3% 73,
CORAEVERE, FUHBT A VT 10T % BRER
DG EEZ LI ENTE, 12 TH-LEAICETN
A ZEBADRA) v PHFHEWZ L2 EERT 5, ORI
HC R 72346 1%, Swirl chamber?S% TTHB Y, Eikie
WKL T4 ¥ TNDBZE UL o

Fig. 3121320034F LB 1 #l & 7z ELIRARHE AR5 o 2
WS HEAED D DL DB TRENT WS, Hi:



Vol.46 No.6 2018.11 HRE—E LB IBIEH - ARARMORFEIF : L5 423
7
6 1 -X o * a
- ‘KK
B Bl S PP E R Y ﬂ? ...... My e e
x, i o ] * 44
] ) Moy it of SElol v S-S 7
Pk Z ‘3:::"; &b 3 ot B
E_}. > :4_ :
Iz . .
1) L R Ol o R i i e T A e B vl B R
2 i 4
1 ) - - {
] (11} b 1] 1] 40 £ il m L] W
0 T T T T T T I
0 10 20 30 40 50 60 70 80 X
O Rib turbulators @ Pinfins
fffu O Swid chambers 2 Dimple-smooth

x Rib turbulators
& Pin fins

8 Swirl chambers
* Dimple-smooth

4 Dimple-protrusion
o Dimple-dimple
+ Surface roughness
o Smooth channel

Fig. 1 Heat transfer enhancement achived by several types of
devices versus the increase in pressure loss®
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Fig. 2 Thermal performance parameters of several types of
devices versus the increase in pressure loss®
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Fig. 3 Heat transfer enhancement achived by several types of
devices including those appearing after 2003"
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Cost reductions

Fig. 5 Histrical advancement in cooling efficiency due to the
development of film cooling holes™
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Fig. 17 Nekomimi holes on nozzle endwall
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Fig. 8 Rotating test rig for film cooling on turbine blade
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Fig. 18 High pressure/temperature rig test and test section for
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Fig. 9 Schematic of pin-fin configuration ®

Table 1 Experimental conditions ®

O-deg £45-deg
pin-fin channel  pin-fin channel
Angle (deg) 2 0 deg *45 deg
Streamwise pitch (mm) P, 15.5 218
Flow area ratio Amin/Amax 0.50 0.73 (flat)
0.71 (wavy)
Diameter (mm) d 9.0
Height (mm) H 18.7
Spanwise pitch (mm) P; 17.8
Channel width (mm) w 35.6
Reynolds number Rey 1000, 2500, 5000, 10,000
Flow - Nug:o 20 a0 eo 80 100 120

(=45° Flat, Re, = 5,000)

(=45° Wavy, Re, = 5,000)

Fig. 10 Comparison of Nusselt numbers 1
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Fig. 13 Lattice low model ™

Table 2 Dimensions of the lattice cooling channels ™

H, [mm] 10
W [mm] 120
L [mm] 177
W, [mm] 15
B [deg] 30,45,60
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Fig. 1 Comparison of vortical structures around hole exit"
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Fig. 4 Film effectiveness enhancement caused by bumps
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Fig. 5 Film effectiveness enhancement caused by bumps
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Fig. 6 Sand-dune-like device” (by courtesy of Prof. Hu of Iowa
State Univ.)
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Fig. 7 Effects of sand-dune-like device on ejected air® (by
courtesy of Prof. Hu of Towa State Univ.)
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Fig. 8 Configurations of FCD placed upstream of cooling holes”
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Fig. 9 Enhancement ratios of film effectiveness by use of
several types of FCD”
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Fig. 10 Induced velocity vectors and the streamwise vorticity
contours behind the cooling hole with and without
FCD measured at x/d = 30”
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Fig. 11 Vortical structures created by DFCD installed upstream
of a conventional cooling hole accompanied with CRVP*
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Fig. 12 Film effectiveness contours for three cooling hole
configurations (BR=0.5)"
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Experimental Investigation and Simple Estimation of Heat Requirement for Anti-Icing
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SUZUKI Kazuhiro

ABSTRACT

A simple method to quickly estimate the approximate amount of heat necessary to prevent ice accretion on
components of jet engines in cold environments is evaluated. For prevention it is proposed to mount an electrically
heated film on the leading edge of the airfoil surface. The effectiveness of this measure is evaluated for a NACA0013
profile tested in an icing wind tunnel. Super-cooled water is sprayed into the upstream air stream to simulate the
cold environment. Comparison of the experimental results with model calculations revealed that the simple model
overestimates the required amount of heat by about 200%.

Key words : B EIANE, &K, Bk, fmB 4%, Sl
Supercooled Water Droplets, Icing, Anti-lcing, Heat Transfer Engineering, Contact Angle
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Fig. 4 IR photograph of temperature distribution on airfoil surface
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Fig. 8 Schematic illustration of thermocouple locations
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Fig. 9 Average Nusselt number versus Reynolds number
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Fig. 10 Photograph of water droplet (Capture)
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Leading Edge

(a) clear (b) Iced

Fig. 12 Photograph of clear (2) or iced (b) condition
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Table 1 Experiment Conditions

Condition

TEST NO. [ Amb Temp ( C) [WIND(m/s)| MVD(pm) [LWC(g/m"3)

1~4 -8 30 58 2.8
Sl -8 60 18 0.6
13~16 -20 30 27 09
=1 -20 60 18 0.7

Table 2 Comparison of Experiment with Calculation

Experiment Calculation
Thermocounple iced=0 Laminar | Turbulence
TESTNO. | No.l min(C) clear=1 | Power(W) | Power(W) | Power(W)

1 2| 0 6 - -
2 54 1 9 8 13
3 5.7 1 9 8 14
4 8.5 1 11 10 18
5 13 0 5 - -
6 1.4 0 6 - -
7 22 1 7! 6 13
8 2.7 1 8 6 14
9 4.5 1 10 8 18
10 56 1 12 9 20
11 9.4 1 16 13 29
12 111 1 23 14 33
13 2:1 0 10 i

14 2.6 0 12 -

15 6.6 1 14 12 23
16 8.6 1 16 14 25
17 5 0 15 B

18 7.5 1 17 17 39
19 9.5 1 19 19 44
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Effect of TisSis phase on Mechanical Properties and
Oxidation Resistance of MoSiBTiC-based Alloys

R S
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—= == k2
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HATAKEYAMA Tomotaka

ABSTRACT

TiC-added MoSiB-based alloys have attracted a great attention as a novel ultra-high temperature material because
of their outstanding mechanical properties. Since they suffer from poor oxidation resistance at elevated temperature,
introduction of an oxidation-resistant phase, TisSis, to the MoSiBTiC alloys is attempted by macro-alloying of Ti
and Si, and the effect of the TisSis phase on mechanical properties and oxidation resistance of the MoSiBTiC alloys
is investigated in this study. Mo-16Si-7B (mol%) and Mo-xTi-14Si-6C-6B (mol%, x = 6, 19, 24, 28) were prepared
by arc-melting followed by homogenization heat-treatment at 1800C for 24 h. TisSis phase was stabilized instead of
MosSi with a significant increase in the volume fraction of Moss phase when Ti concentration reached 28 mol%. The
TisSis-containing MoSiBTiC alloy had lower density, excellent high-temperature compressive strength and reasonable
room-temperature fracture toughness. Besides, as expected, the oxidation resistance of the alloys was improved by the
TisSis phase.

F—7—FK :MoSiB&4, 7ol @EMCEY, SiRE, SmpEEre, mmgiert
Key words : Mo-Si-B alloy, Microstructure, Intermetallics, High temperature strength, Room temperature fracture

-4 $itTEm -

toughness, Oxidation resistance
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COEREALIZIE, ¥—Y Y ATRED FAPERTH
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BORSENLEEE 72 5,

VAR, Fx DTV — 7 TIE, BERMEo—D
ELTHIFE ST & 2 MoSIBE 423 L CTICZ M L
7eH Bl iR R, 8B —HCMoSIBTIC (€3 7 F v
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JEREsEAE 20184E 2 JI5H
it T 2018410/ 6 H
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Ny, ZoREE, 1100C TOMBILIELRZ L2 & 25
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DIREEIRTZ b 2 b RIF R R AT S g
MoOs®D HIEIC & » CHF 2 TR DA 5 2 &
WESNTBHY, ZoEBRHEBIE (XA MEK)
WZDOWTHREPLETH %,

MoSiBTIiCH 4 (2 gL ¥ % £+ 53 % 72 & 1213,
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LEEZOLN, FOROIZIIEETOSHEREZ &5 50
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FIUEMos DHAEFIL A L, 012 MosSid fAFE # 251
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B, MosSihsAZ EAt LMosSis F 7213 TisSisns % b3 %
ZEDRHBEIN TV L2, TisSisid1200C HEF TH
IR EZ AL, XA MHKIBLEI NI &
5, MoSIBTICH & DML 2R R L TH
5EEZEZbND, SHIZHRITMEICBWT, TiSisiH %
L Mo-Si-B-TiA & d Bl 7 7 ') — 7?§ i iﬁfﬁﬁﬂ‘lﬁk’a’f
BT H Z ENHIE SN TV L0, Z 2 CARIFZE
MoSiBTiC& 412k L TTisSis#hH % %)\'@‘ 5720 @rfﬂ)ﬂi
HiPH 2 W5 L, MoSiBTiCH& 4 DM K Ot #e b
P BT TisSisHH OB OV THET A L2 HW
5%,

Table 1 Nominal compositions of alloys examined in the present
study (mol%).

Composition (mol% )
Alloy

Mo Ti Si C B
Base 77 16 7
6Ti 68 6 14 6 6
19Ti 55 19 14 6 6
24Ti 50 24 14 6 6
28Ti 46 28 14 6 6
2. EBRFAE

T — 7 RIS TC, Table LR THE % AT 55
HHOGEEFMER L7, 2oL X, Baseh & 1EMos
MosSi-ToD =AM LMK TH D, 6Tie iMo:Si:B@
BT D BaseG & LM LICR 5 X912 L’CTiC’i”ﬁ‘
SRK T 6mol%im L7ze F72, 19, 24, 28Tifd &1L
6TiGEH DOMo% —HF TITHEHT 2 X 5 I THREEZ B
S 7z, FRHIIEMokE (Fi1£99.99 mass%), SiF v 7
([1199.999 mass%), BF v 7 ([f99.5 mass%), TiF v
7 ([[99.99 mass%) K OTICHE (99 mass%) = H

Vv, SNSRI EArFRRARFTCT -2 BRI AL
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M 2157z WL 2 WS 2 720, RO FIC
INE—-MRETTF v 7 E4 (Mo-10Ti-5Si-10C-10B
(mol%)) ZAEHL 72,

Sl R VB ER A S LT, AT E T B
(SEM, JEOL JXA-8530F), SEMIZfH)E L7z AL F—
45 B BUXGR 45 AT 2 (SEM-EDX), X [l 37 #: (XRD,
Bruker D8 Advance) # W, 37wl R
MFAEZ T > 720 MAT, BEHIFEELRIYEE (SEM-
EBSD, JEOL JSM-7100F) % Hj v THEBAH O AR %
EL72e T2, TVFREXAFAEILL ST, ERTORE
BEEWE L. T, HEEEOHUAMPLT A Y
BRI TR Z VT4 x2x2 mm3o Atk ERF 280 H
L, Instron5982% H\» TiABRILEE1400C, HZ25RPH A
(<107 Pa) o, MO AHE2] X 10 s CHRIRE
MR Z AT o 720 512, 5X5X5 mm3D . iR R
FaEHWT, EEEEELEEE (EMAR) X)) %R
TORMYEINT 2 =% ZRE L7 ZD%, Instron5982
FHWCYz7ay -y FaEALASX5%25 mm?
OB IS LT, SlcTrZa A - Ay FEEL
pm/sT 3 m T RERZ AT o 720 14 5 7z AL
ML, TroX(D)% v CEImnE M EK %
L7,

Ko =+G:E = / 1_ﬁ (1)

Z 2T, KoldWsg i [MPa(m) V2], GeoldfifRt— *
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AHIAF— [N-mm=m]J], AZERABEEED K

Fig. 1 BSE images of as-cast (2) Base, (b) 6Ti, (¢) 19Ti, (d) 24Ti and (e) 28Ti alloys.
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L7z E 2 oNEHHAILL BIgES Nz, 51T, Fig
2£)D28Tifr 4 @ wi i SEM-BSEM& H IZ R FI TR & 9
12, Moss-TisSis3t & #855 D TisSishH o vh T R B fg & L
TWABERGFIZYA 702 5y 2 PAER L TWiz, TR,
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Fig. 3I2SEM-EDX T #ll 52 L 7z 24 AL 3 # & Mo H,
MosSifHl, ToAH K OTisSistH OMo, Ti, Sio#KZEAL %
RS e TR = OB PE Vv, Mos, MosSi, Tef
F O TIEEE I MILANC I L, Mok BE 1L Iy 12 ik 4>
L7ze F72, HMHOSIHITIHEE IKAEETIZIE—F
Tholze DT LN, Mows, MosSi, T2AHIZHB W
T, TildMo¥ A P2 BEHRMICEIR L TVWEIDEEZ
57z, 2 2 TFig 3b)TIX, TiRME 224 mol%ll T
1EMosSitH H OMo, Ti, Sl % /8 3 2%, 28 mol% T
1 TisSistH H O £ ICHE DL EE % 7R §7 TisSishH 1121323
mol%FE DMoAs & F N T 575, SitlFE 3oy imdlk

Fig. 2 BSE images of heat-treated (a) Base, (b) 6Ti, (¢) 19Ti, (d) 24Ti, (¢) 28Ti and (f) 28Ti alloys (high magnification).
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Fig. 3 Compositions of (a) Mos, (b) MosSi or TisSis
and (¢) Ty phases measured by SEM-EDX as a
function of Ti concentration of the alloys.
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Fig. 4 Volume fractions of the constituent phases as a function of
Ti concentration of the alloys.
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Fig. 5 Density of the alloys measured by the Archimedes’
principle at room temperature.
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Fig. 6 Nominal stress - nominal strain curves of the
heat-treated alloys measured at 1400C under the
initial strain rate of 2.1 x10* s!
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Fig. 7 BSE images of (2) 19Ti and (b) 28Ti alloys compressed
up to the nominal strain of 20% at 1400C.
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Fig. 8 Room-temperature fracture toughness values of the alloys.
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Fig. 9 Mass change of the alloys at 800C under the gas flow
of Ar in 40 ml/min and Oz in 10 ml/min.
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Fig. 10 BSE images of the heat-treated 28Ti alloy (2) before
oxidation and (b) after oxidation at 800C for 1 min.
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Fig. 11 XRD profiles of the heat-treated 28Ti alloy before and
after oxidation at 800C for 1 min.
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Fig. 12 BSE images of a cross section of the 28Ti alloy oxidized
at 800C for 1 min.
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Fig. 13 Relationship between volume fraction of Moss and
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Forum2i%, “Education and Human Resource
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B4 EH»SFEERMSEE BV L, SERBOL Y
va v EfEDT, ENRRRVRERIR T2, Wit
BELCW272 B LT, FHATIAT 2 0 B W % 3
FITB®ED LT, THEICITEMCEET 2HH 2 &
DTV X ) BV LA, ##EEE, HRA»rSH
FRKF O Myl — %%, 2> 5 Seoul National Univ.
®DProf. Wontae HWANG, ' [# A 5 Beihang Univ. @
Prof. Xiaofeng SUN, 4 ¥ F % 5IIT Bombay®Prof.
Bhaskar Roy T® > 7z (Fig. 3). &EE D, TR -V
YRMAET Y VUG EHESTEETH I LB RIEA DD
b, EERLOMBRTRIEEEKRTHLZ LD LD
Tk E N 7zForumTdH » 72,

Fig. 3 Forum session panelists

24 —WBEBLOCF2-MITIL

— X 30D F L vk y Vg Y TITbR, 6%
B b ENT, SIS vy va v, B
BH8Eyay, YATFTA4EY Tay, RGN 2
tyvavilnz, EEOEholFa—) T Ey
vavE 1o A HNEZET) & REE - EIEE IR
i CholzZ e, £y a yib—AahmiEi iz
GAHZELHY, FE—MT THRLEfTDNSZ &
LLIELIETH -7 (Fig 4o HEHED 35D 11345
HETHY, EOEOREEFEDERLAMFLTHELT
W72s, O ELORE D, HEREGED L5 T
HTEREKL, WEHEDE LITE 5 THEFEIXNative
TN DS, 2o TRBICHTIENTE S,
LDARXY NrWTinTz,

Fa—bMY Tty ¥ arTIE, EERFEOWEDA
HZ X U Aeroelasticity & # L T 1 FEf200012 725 T
PR Z2 G SR T, BT D BEAEA HIRHIZ D725
THRZIEFLZENTE T,

- = —

Fig. 4 Technical session

2.5 Banquet

2018k 22 S8 7V A bu R Y & VRIS T,
Banquet# BfiE L 720 H120840ZIN23H Y, 72v~NA
B TdH o7z HItHF 2 M E L TIRIBGTSIHI 2
MO OHRE, EHLGTSJEIEEIC L 258 LM
TH4 L 720 Banquetld, VEERTH-722ddH
D, BINEPFRBIILKHTERLL)THDH, T2, W
IGTC2019924T = B K& 12 X AIGTC20195 £ N, Prof.
Huang!Z & 5 &kEIACGT2020D Hh [ECTORMEE S b 1Th
Nize WILEDENOTRTEE SN TVS, REHD
HAREZ 1R T 2 R TRV 272&, KniZliib -
TWDODHENTH L. KOHETIE, HFRFESA
SH Y FRFECHIRT 25%E00, RO 2 EiHin
72727z (Fig. 5)o ZIMED S REFFTH - 72,
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Fig. 5 Sansa-Odori presented by Iwate Univ. students

26 10CX—F1>7

IHEHD XYy ¥ 3 »y#7f# I0CH & ULlocal
Organizing Committee® T3 X Y N—EH5 % B &,
KEIDOACGTIZOWTERZ M AT 572 (Fig. 6)o BUE
D2EHORMEL FEANIEICL AU —T— 3 VIZD
WTEED S RENI % <, KENZ 2 FR ISP E TR
b lEodz, W LIRNESHBETT %,

Fig. 6 I0C meeting

2.7 Women'’s Lunch

S WHEEEE O—BRE LT, MHAICSMLTw
LI, 23H OB KRADORMZFH L TEE
WS N7z SHNZISBOBMDBD Y, Kt i I
LTS o 7aFRFOMBEZ D 2 4 DI
272727z (Fig. 7)o 1 FFREEOHWIFRTH -
2, BEEZEDZESHEVOMEREOEY DI &k
EERICE R TNz, KRR EHEILHNTK
ﬁ%ﬁbéﬁ?#?##x,$7b7—70<0%ﬁk
FTLEONTFI o7k ) THAH,

3. BhWIC

HATO 2 181 H o BifiE & % 5 ACGT2018 % M 12 F i
FTHIENTE, ok LTW5, —BBHDOERIE
LD LR LW EZATH-7275 3HEDL Y
TasVv=2AICRTAEEE LTiETu ST AR D

Fig. 7 Women's lunch
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ACGT2018D B H 72 o T, £ OB Tl
%ﬁwto%ﬁ% LIRS, ARE, ZIMEICEL
EH T 2. EEIIHIoRAR A VN—, GTS]HH
E,ﬂﬁﬁik%%%ﬂﬁﬁwa ACD, HFLER L I
F5. F72, e UCHEM - EE0% <2 Y-
TLNZIMKRFEOH R HERGZICIE, 202 KE5
HBMIFICHEE LT L2D0TH 5,

EBS A IN— (WIFRER)

International Organizing Committee

Toshinori Watanabe (The University of Tokyo, Japan),
Chiyuki Nakamata (IHI, Japan), Seung Jin Song (Seoul
National University, Korea), Tong Seop Kim (Inha
University, Korea), Bongjun Cha (Korea Aerospace
Research Institute), Hongguang Jin (Chinese Society
of Engineering Thermophysics (CSET), China),
Xiaofeng Sun (Beihang University, China), Weiguang
Huang (Shanghai Advanced Research Institute, China),
Bhaskar Roy (IIT Bombay, India), A M Pradeep (IIT
Bombay, India), B V'S SS Prasad (IIT Madras, India)

Local Organizing Committee

Chair, Takashi Yamane (JAXA)

Secretary General, Chihiro Inoue (Kyushu University)
Ichiro Miyoshi (MHIAE), Tomoko Tsuru (KHI), Naoki
Tani (IHI), Takashi Furusawa (Tohoku University),
Ken-ichi Funazaki (Iwate University), Kazutoyo
Yamada (Iwate University), Hideo Taniguchi (Iwate
University)

(B H % /ACGT2018% 7R B %)
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International Gas Turbine Congress 2019 Tokyo 3&7&EH A S EIA

IGTC2019%1T&RAE %

WCZHEHNLTEBY £9 X912, [International Gas Turbine Congress 2019 Tokyo (IGTC2019)] &, &/ Me v
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1. SFA : International Gas Turbine Congress 2019 Tokyo
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http://toranomonhills.com/facilities/forum.html
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