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Fig. 1 Cascade test facility with wake generator
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Fig. 2 Normalized cascade loss coefficients versus flow
deceleration ratio obtained under the influence of wake
passing for three Reynolds number conditions
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Fig. 3 Phase-locked averaged TKE contours downstream
of an LPT trailing edge, showing the influences of
wake-passing
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Fig. 7 Test propeller and microphones installed in an anechoic
chamber and a flow visualization result

(a) Vorticity contours (b) Velocity divergence

Fig. 8 Post-processing result of PIV velocity field
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Fig. 2 Tested single-stage axial flow compressor and measuring system. The rotor rotating

speed can be independently controlled from the volume flow rate by a motor.
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Fig. 4 Flow structure near the pressure surface and the rotary stagnation pressure
at rotor exit plane in highly-loaded windmilling conditions (¢ =1.20).
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Fig. 5 Flow separation and unsteady vortical structure on the pressure surface
at highly-loaded windmilling condition (¢ =1.20).
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Fig. 7 Flow field on the pressure surface at no tip clearance
(nonCL) and wide tip clearance (WC). Highly-loaded
windmilling condition (¢ =1.20).
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Fig. 4 Numerical analysis of Fluid-Structure Interaction (FSI).
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Fig. 5 Design optimization of TeDP system.
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Fig. 7 Pressure drop due to sloshing of cryogenic fluid.
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Fig. 8 Boiling in a complex channel in microgravity.
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Fig. 9 Explosive boiling due to de-pressurization in a large LH2 tank.
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Fig. 1 Schematic of lifted flame and combustor with multiple
hydrogen injectors applied the lifted flame
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Fig. 2 Schematic diagram of a burner

Injector diameter[mm] 0.2 0.4 0.6 0.8
Air velocity [m/s] 4.9 4.8 4.9 4.9
H2 velocity [m/s] 1192 1188 552 444
Air mass flow [g/s] 1.0 1.0 1.0 1.0
H2 mass flow [g/s] 0.01 0.01 0.01 0.01

Equivalence ratio [-] 0.36 0.36 0.36 0.36

Fig. 3 Photographs of lifted flames at each injection hole diameter
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Fig. 4 Formation condition of a lifted flame
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Fig. 5 NOx emissions for each injection hole diameter at
the overall equivalence ratio of 0.35
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Fig. 8 Photograph of micro diffusion flame combustor
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Fig. 9 Cycle diagrams of PGC cycles
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Fig. 10 Thermal efficiency of PGC cycles
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Fig. 11 Thermal efficiency of PGC cycles
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Fig. 1 Temporal and axial variations of internal flow pattern

APERIZ DTS o obtained by experiments (left) and machine-learning
prediction (right) (Nos.1-6 are for channel numbers, and
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Fig. 3 Cooling structure of gas-turbine vane (left) and rotor
blade (right)".
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Fig. 4 Principle of heat transfer enhancement due to dimple
geometry and flow pulsation.
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Fig. 5 Principle of three-dimensional heat conduction effects
on results of transient technique.
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Fig. 6 Local Nusselt number profiles of steady channel flow
by LES (left)™ and experiment (right)" (30deg in-line
arrangement, Re=25,000).
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Fig. 8 Instantaneous flow field over teardrop-shaped dimples
with 30deg in-line arrangement simulated by LES
(isosurface of second invariant of velocity gradient
tensor and wall temperature profile; steady flow (left),
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Fig. 9 Streamlines of phase-averaged flow field of pulsating flow
colored by fluid temperature (30deg in-line arrangement,
Re=25,000, Stp=0.3, A U/U,, = 0.2)%.
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Fig. 3 FIB-SEM imaging and reconstruction of the porous anode
microstructure.

Fig. 4 An example of detailed cell simulation: Ni-YSZ/YSZ/
LSM-YSZ cell, (left) Computational domain (right)
Distribution of local IR loss in YSZ electrolyte.
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Fig. 6 Surface and cross-sectional images of the patterned-cells

after microextrusion printing 7.
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Fig. 1 LES/Flamelet of turbulent combustion in KHI multi
combustors for gasturbine engine (0.14 billion cells) :
Instantaneous distributions of gas temperature.

Fig. 2 LES/Flamelet of turbulent spray combustion in JAXA
full annular combustor for aircraft engine (0.12 billion
cells) : Instantaneous distributions of fuel spray and gas
temperature.
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Fig. 3 LES/DTF of combustion instabilities in JAXA low-swirl
combustor (0.6 billion cells) : Instantaneous distribution
of gas temperature and time variations of properties.
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Fig.4 LES/Flamelt/ANN of turbulent combustion in
Toshiba supercritical CO2 combustor (0.2 billion cells) :
Instantaneous distribution of gas temperature.
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Fig. 5 Concept of multi-component integrated simulation on
KHI gas turbine.
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6. HhVWIC (4) Tanaka, Y. Oda, Y. Takeishi, K, Unsteady Analysis of
AR T B P R 2B T2 e 22 o0 L 7 2 i a5 A the Effects of Density Ratio on Film Cooling Measured
PSPZ M\ 727 4 )V WG HIRIR O I HEHINIZ D v T ?’ ij.s ingc POPSPQ;?EZ?E;%?901f8;nzg(§?§)tional o
. _ o urbine Congress ) - .
rL7ze BUERRIREA A 7 & I ZZRERSIEHIIC & 1) (5) Shirazawa, H. Oda, Y. Takeishi, K. Study on the Film
DHATHS. 2B, WESEHRFEHIT S TFETH L Cooling Effect of Purge Flows at First-Stage Vane Using
&% E (TSP: Temperature Sensitive Paint) % ffio Fast-Response PSP Technique, Proc. of International
7o LAY 70 ELUR BB By 0 W R 22 ] 0 R R H IO & ) & Gas Turbine Congress 2019, IGTC2019-190 (2019).
ANTBY, ZITHIERETAY -V EGEICE (6) FRMIGEM, ANHEL BEAE—N EEEARPSPA
U % RFFMEE R OFEERTIIC A Ln L E 2 Tu oy BT L LIHOITET T, AASIH A
B Fh RFIT Y Y 4 — L HO KO T LT HAY =¥ g MR sl s, (2020), B-17.
° - Y7 — O (7) Fukuoka, N., Oda, Y. Nakabayashi, N., Takeishi, K.,
HE L CHOEHMEENC O MY ATV S, FRITIh Unsteady Measurements of Film Cooling Effectiveness
SOFHIFENZRE ST & L LI, BUEMRATHEA & §F with Fast-Response PSP in a Linear Turbine Vane
HTCHAY =Y VBEHDO XS4 5B MU HkA TV, Cascade, Proceedings of the International Conference on
Power Engineering 2011, ICOPE-2021-0255 (2021).

% 2 37 it (8) PR, {J\EH%;, cﬁ‘iy—eyﬁ’ﬁ%;‘/fﬁﬁ—w%ﬁ
(1) Oda, Y., Takeishi, K., Uchibori, M., Numerical Study ;;%;;QQS%I}E\]E%Z? 7?§j§2§$%§g%
of Film Cooling on a Vane Endwall by Large Eddy e ' B

#Ham L, (2022), B-13.

Simulation with a Cooling Hole Model, Proceedings of
International Gas Turbine Congress 2011, IGTC2011-
0122 (2011).

(2) Sugioka, Y., Arakida, K., Kasai, M., Nonomura, T.,
Asai, K., Egami, Y., Nakakita, K., Evaluation of the
Characteristics and Coating Film Structure of Polymer/
Ceramic Pressure-Sensitive Paint, Sensors, Vol.18, Issue
11 (2018), 4041.

(3) Egami, Y., Konishi, S., Sato, Y., Matsuda, Y., Effects
of Solvents for Luminophore on Dynamic and Static
Characteristics of Sprayable Polymer/Ceramic Pressure-
Sensitive Paint, Sensors and Actuators, A: Physical, Vol.
286 (2019), pp. 188-194.

(9) Maehara, T., Oda, Y. Takeishi, K., Numerical Study
on Film Cooling Effect of Gap Leakage Flow at First-
Stage Stationary Vane, Proceedings of International Gas
Turbine Congress 2015, Paper WePM2B.3 (2015).

(10 Oda, Y., Shimoda, M., Kasahara, T., Yamazaki, T.,
Matsumoto, R., Measurements of Turbulent Wall Heat
Transfer Using Temperature Sensitive Paint with Image
Denoising by a Machine Learning Method, Proceedings
of 12th International Symposium on Turbulence and
Shear Flow Phenomena (TSFP12), Paper No. 394 (2022).

) AEH, /NEE OB R vy — B VR
Y FT 4 — VRO EBRNRE, HFA8E P AN RS —E
> g s IR S5 Al R SO AR, (2020), B-8.

— 53 —
Download service for the GTSJ member of ID , via 216.73.216.163, 2026/08/05.



344 AEAHR 2 —E ¥R

Vol. 51 No. 4 2023.7

it » B —

Fiek - EIWRZE OISR

JUHRZE RS BE LA FERE Wiz =i LR st 15200 B

Aerospace Propulsion Laboratory in Kyushu

University

+ P!

WANG Zhenying

JE L !

INOUE Chihiro

F—TJ— K uMREE, BiesE TS HETS BAR Eom
Key Words : Kyushu University, Aeronautics and Astronautics, Propulsion, Multi-Phase Flow, Physics of

Beauty

1. MREOBE

FUN K TIXTI93TAE ISR T L 720 B Of
ZEEE A OWI 28T, 19564F 124 6 D B 72 B L
ZE TR DTG L, BN RE AL 22 S Bl B 40 BT & 4H Y L
Tz TD%, HRKSORIC B b THLZE5 1 T80
YRR, 20054 BRI FEIRHBIX s & H A S5 KAk o S i
AT PSR L7z (Fig 1o BUEDHL
28 TR, 4 DO KRB ICAIONEE %A L
BUTRCREEIRIE, G, T Y AT A0 TH¥5
EHN=TF 5, ENRBEOHRNE I EFREEIL, &
WZHEE T2 B O BEME 2 Y L, 20234 5 HHE
Bz, FIRER %, RERRE, FLT M
AR 2 44, BLEEREE T X, FIRAELE 3 KO
FHSAIC L > THER S TV b,

KEDID % A8 TV X 2 VB O 5k B H iR BE
T, HVICIZBEO O RWBIiE S 7 2 28158, 42
GRII OB/ NEAF — T > L, FEBRLWHIER H24C
IR TR T W 5,

2. ART—< OB

MAFZEEIL, Ty P RHZEROHEEREZE LD,
Z DL 578 R G ol ) ORMBGREN I FRA D 5o Bl
SHEFELLLTHILT L LICHERZRRLLEDS, &%
BRI BHLOREZ L v McE b 5,
Imaging & Modeling® 7 70 — F THf32 % Eji L T
%o

INFETIZ, Yy by I UVOREEAERST T v
P YT UMERBICE o THEEZ, WARRE OMRLE X
OREFEEHS 2L (Fig. 2 ab)e T v b it
ZERTL Y DY OEFHIRRLERRR IR 2200,

Efft 202345 H10H
* 1 LIRS
T819-0395 il i V4 [X 7 il 744
E-mail: inoue.chihiro@aero.kyushu-u.ac.jp

BRI IE AL, FIRIE, SO TR S h
BWEFHEDEMANE, Oy b Y T Y NORE - R
LRI DR AFFIEL, P BRITTRISTEH S N b,

Fig. 1 Kyushu University
TR AL 22520 LM, 1 BRI R 0 F2BR=

Fig. 2 Imaging results

Download service for the GTSJ member of ID , via 216.73.216.163, 2026/08/05.



Vol. 51 No. 4 2023.7

AMKZASE THMER HeT

EHIFEP #ETF A E 345

Oy by I VOHHYRER Y - rOTO—
Ta YW EORBET, EERMRICE S IR Lo
MR OB 2B CAHEALR BRI ZH o 22356 2
EDRDOENL, RTF—<IZOoWTIE, KETRANL
W,

wEDH DL NI, ERFEEEEAMANEH S,

Ltk b OGRS 2 E AT NS, &
D RO~ OZLRIGH S, EROMBI LRI Z T,
TR T OGRS RIZHR B0 BFFEETIE, KT b
RAREHAT b3 A ARG OEBREZBL T, WHhERE
HHAL - BUE L, SRR S —HofE % i
L2NCT BT LTI L2 (Fig. 2 o).

HEOBL WAV WARREARDOSZICE > TEHK
DR DR ENLEE, 2 O FIZF2E 1 L
DB L 2o LT, MELAAH E LW ATE
DI TIL, WARTFEOF#HFEBZ T, BHEOWHAH

FERIZI0mI D 7 Ll 5 “HEHHR A E B T LA

ZOVAHEEFE TEDTHL NI R 5729 (Fig. 2 d).

iz, REREKE O SIa%E) & RO MR, By
T A NEHRIENTT, SO~ T v T = LR
Ne, ZELRFEOBIRNI 7V 5 4 2Bl DT —
~IZHH L TV B,

3. BALRKRRMICEREN SN /-RKRED 3 RITHBE - KHFH
e - RERE

GTCCRIET ) - AR EBEICHVWONLER T —E ¥
Wi, Ak 2 EREIM RISnZ <, BiEo—Y3 0
IR 5K % A 2 72 B EME O LASRS bb, D7z
Wi, RIS S NI EZICE D, HHIH
BRET 2 DY F ) 2R TLUEND L, F
7o, HEEEOBREDDT ChEids2ary by
IRBERE DWW ENNL, BREL O — T % PIBE ISl 2¢ S & T
AR L, RISHACREMZ #2774 VA HITER
ERHT 5, TOEE, WK IA T MHOFUAE
Tlhb, SNOLOWEIHML T, EHERKE OME
PEF OFESR, B EOWBIE b IZR T TId e, #WML

P, —EBEEmEA,» SMRELT 5 (Fig. 3)o 22T,

WD 3 WITHE S DT E & 2 1 % il HLIZ
L, 0%, WELZEBFEEIIOWTHNT 5,

BET FAZTEM S N7z WL, SR OSGE H OFY
Wity %217, Couetteli Z I T %o R MITEIMD
HE AL E (Kelvin-HelmholtzAN % /) 12 & » THilih
FCPESL D, PEHEAMESIND &, KEDOBEANLE
(Rayleigh-Taylor AN 5E) 12 & o T & BRI DUk
WL L. 2O0ORNEEWRVERT HAGH, MR
Cuspx £ L7z 3IRICI R IRREE TR SN b, A
TZOCuspBEELTY A A Y MIET S E, FH
RIIAZ % (Plateau-RayleighNZeE) (24 - T, B
KD S W AAEL (entrainment) § 5"

Wik E UGB EZ R T 2546, KiEd 5 OWEHREL

Download service for the GTSJ member of ID , via 216.73.216.163, 2026/08/05.

&

Screw compressor
~0.7MPa

Comprcswr;%’“
[

Liquid tank
10/

wiy pinbi) wuojun

Light source
HS-Camera

Fig. 4 Experimental setup

10mm

(b) with gas flow

(a) w/o gas flow

Fig. 5 From liquid film to droplet dispersion



346 AMKFERFER THEMER MEFH

THE ETHHH AAAR S —E 2R

& o TIEROBEFERESRA L, E512, 3RThl% 2 E Xk

WA BT - TRIRKIS O DIEAMBE KT 5. £ (1)
DFER, P e E e L 72BN 284 L T,
WEOWIREED FF 4 77 b mIEBHEICEL 2 5%,

KHB L URTAZEDHEREZ IO LD, RitOBR
JBIESTHbD. 72, BENBL R EZRNLABEHED
LR XL, KA OBEEREE N L TH— 8
ILARTHRETH 5%, € 2T, WA O %% T O
R EF TO—EOBL %2 UIEYIIHLPIIT AT L2 H
e LEBRZITIICH-T, ROBEREEX %
PREICE LR T WHERBZ R L2 EE 2 ML
72 (Fig. 4)o A7V a—2a Y7L v —THIEL 722 (3)
A%, 3mPoy 7 IR Lz0b, Bt E
LT, 7Z2IUNEDTFA M7 ¥ a yfRRICH T, 10L
Y Y ZIEA - INE L iE, Sv TR, ME
B £ B S 20 "

HALE RO —FIE LT, 7, [RMER S WY
A, MENEEZ NS B, BAmcy—2E
BrHL, RV CPmCREEDOEHT—IICEE S
L, W)X Y bSO RT S (Fig. 5 a)e K (5)
12, BHhICARERT &, FRNOWEIEE. S, M
THEBOY T A Y PHPRTALEEIS & > TR
BL, %73 % (Fig.5b)o FHOFIEHMEL, V7
A v MEAAIZHHIT B,

HITE, Fig A0EBEZHWT, MEOMME 7 ) —o
LIF (Laser Induced Fluorescence) 2 & % fsJE13:
EW7ICHS L, BBE X OERNLRFHIZ ED TV D,
T/, ¥V NOG 5O M E M9 5 BRI T (7)
RKERET I LT, BIHEOWREHINAE F &9 MEE
RS A Z LY L7z, B0 BV ERE R B
Lans, Bga @l X<l 2 5HE TN 2 fisE
L7z,

4. Bhi)ic

I DOWIZEE DI FLAICDOWTHN LT DTS
DRI, T —~ DLW, HAFTAY —E raEes
ZIILDETZEFEHEMEIANEOH SRS R (9)
F—P L2 E2RBH# LI, MADEEHHBDT, §f
MR ZEDO R =L R=V % TEHE 7200, Rifzes
X, TP BELVHLEZERLLEYS, LT —
<Pk L 9

BiEe

AL 7-0F%21%, JSPSEMIEZ: (21HO01251, 21K14097,
22H01405, 22K18771, 23K04245) O FHEICMA T, EHA
MORFR AL OLFENIZEZ 8 U CES iz, Bk
FALE LR L 1T 5,

— 56 —
Download service for the GTSJ member of ID , via 216.73.216.163, 2026/08/05.

Inoue, C., Yoshida, H., Kouwa, J., Iwaki, Y. and Itoh, M,
Measurement and modeling of planar airblast spray
flux distributions, International Journal of Multiphase
Flow, Vol. 137 (2021), 103580.

DOL 10.1016/j.ijmultiphaseflow.2021.103580

Inoue, C., Oishi, Y. Daimon, Y. Fujii, G. and Kawatsu,
K., Direct formulation of bipropellant thruster
performance for quantitative cold-flow diagnostic,
Journal of Propulsion and Power, Vol. 37, No. 6 (2021),
pp. 842-849.

DOI: 10.2514/1.B38310

Inoue, T., Inoue, C., Fujii, G. and Daimon, Y.,
Evaporation of three-dimensional wavy liquid film
entrained by turbulent gas flow, AIAA Journal, Vol.
60, No. 6 (2022), pp. 3805-3812.

DOI: 10.2514/1.J061381

Kamada, Y., Inoue, T., Wang, Z., Inoue, C. and Senoo, S.,
Annular liquid-film fragmentation process sheared by
developed turbulent gas flow, Proceedings of ASME
Turbo Expo 2023, GT2023-101666 (2023).

Hikita, W., Hirayama, S., Inoue, C., Wang, Z., Nakaseko,
M. and Takashita, T., Fragmentation and solidification
of fusible alloy melt by water spray, Powder
Technology, Vol. 409 (2022), 117778.

DOI 10.1016/].powtec.2022.117778

Verhille, G., Inoue, C. and Villermaux, E. Architecture
of a self-fragmenting droplets cascade, Physical Review
E, Vol. 104 (2021), L053101.

DO 10.1103/PhysRevE.104.L.053101

Ichimura, T., Inoue, C., Wang, Z., Kuwabara, G. and
Tahara, K, In-situ 1-kHz real-time particle tracking
velocimetry using high-speed streaming camera, Flow
Measurement and Instrumentation, Vol. 91 (2023),
102361.

DOI: 10.1016/j.flowmeasinst.2023.102361

Wang, Z., Karapetsas, G., Valluri, P. and Inoue,
C., Spreading Law of Evaporative Droplets,
arXiv:2304.04030 (2023).

DOL 10.48550/arXiv.2304.04030

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

DOL 10.1063/5.0038399

Aerospace Propulsion Laboratory:
https://aero.apl-kyushu.page



347

BEAHR 2 —E ¥R

Vol. 51

No. 4 2023.7

B - BN ORI
TR

T AV — BB AR RIS B T S FFER AT

Research Activities in Thermal Science and Energy Lab of Kyushu University

d.

VES et ik BYe*? YU Panlong™? YADAV Sujeet™?

WATANABE Hiroaki

F—TJ—FK:
Key Words
1. ¥8

ARTIE, JUNRFRFEBERE AP LA e D T 4 )V
F— W HFAIFER I BT W IEEE 2 AT 50 I
4E, Carbon Neutrality in 20501 T THAps @228
L3 % %%, KRFECBIAMET—<i#Ed 29 Lt
SEFFEE L SN TV 5, FRIREES B I1ZCO.
OREHH L VI MHDPEFASINDE Z L DBL 2L b D
D, BREROLABREFH Y AF 2 0¥RTILI v ¥ L
R, KERT VE=ZTH2HLETEH =K 7)) =B
DFHEAMBATEICE K OBFEAIA SN TS, KT
&, INSFRHEMBEE T AT 5 ABIZE R Tl
WZHMT %,

2. $RTFlameletEF U7 EEOII v 3>
PATLOEEE I aL— 3
21 EOI I v 3 R

EAREAIH > A F 203 v ¥ a YEIZiZCO,
SrEERIEA & ORMEBHENTH D, TO—DIEmE
RBEFEMT AT D B o ILAE TIXCOMINI A & 7 2 LA
5% (Oxy-fuel IGCC) VR K E-BRZRBEN A ¥ — ¥
REVEPREINT VWD, T9 Lo AT L DOMRBES
&, BRRR & BALF OIS HE T A BIERITh LS Wb
W 53feed¥ AT A LD, BlZIE, Oxy-fuel IGCCT
&, TREF A, WE, BILUCO.» 3mARERL %
%o iz, WEROARKINFEEOMRFLEAM L LT,
fl - 7 VB TIRBERBEO W B R A D ST
A8, 2, i3 AFlameletE T Va2 #H T 5125

Ffse it 202345 H14H
TR RSB
T816-8580 HHIAEHARG6-1
E-mail: whiroaki@tse.kyushu-u.ac.jp
TR AR =B
T816-8580 HHIHEHARG6-1

* 1

* 2

a.n 05

KAI Reo YU Panlong YADAV Sujeet

W, ¥uxIviay, A—RKr7)-=WE, 77, BT
: Combustion, Zero-emission, Carbon-free fuel, Modeling, Numerical simulation

720, RO LT v —REBECHER T 5CO0% T
ZhoBEEN E LTHD 7200, 70 I 3 i
DFL & BALA Ddfeed > AT L & B
2.2 2 RTFlameletE7r ) > 7

ARG TH Y EVF % Flamelet® 7 VO ®, #G % %
L0 bEMHEAMZIKCIZ 5 2 & A RE 2 Rl
PRBEET NV E LTHLAEE > TEBY, Fig LIIRT
I BMER Y 2y Py I DI NT = 2 T RN
(BUSIRBEE SIS & ) KEOMT- 2 W H4L) ZihH
E LT, FERRAT — IV KRBIBRNT O @R B A3 2 > >
$ %o FlameletE® 7 IV TlE, FOLERIET —F X—
A (Flamelet library) Zf5E L CB &, Z#Hmhiz
T A B C idlibrary B 8§ 5 & L TLE KIS O FHR
R %28 X @l 45 % 9235 5. Flamelet libraryld
RIFAH 7 —=THHRETRLTT =T IMLIN D720,
W RZe O RRENEZE AT L 22k 1 RIT
Flamelet i#2X\ % RN TR L Z LD TE %,

Fig. 1 Full-annular simulation on an air-craft engine.

Download service for the GTSJ member of ID , via 216.73.216.163, 2026/08/05.



348 AMKZE ITxF—HYERFMEEICSEFTBARENT

AEAHR 2 —E ¥R

Wy p X0V | .
- 1
Pt~ Lep2 072 Tk M

I ToldEE Vi LaBLUPoddZhFbF# L
DEEDHE, VAABBLIOAEEETHY, xZA D
T—HBETH S, LELEWS, ZI3BFEEBRILR O
2UMMKIRARCTHEREINLIANT—THY), TOFTFET
133-feedXP4-feed & V> > 7= X 0 BiIFE R B~ 1L L
W,

ALIZH L CTMultifeed ¥ A 7 4 T, (ﬁﬂgiﬁ]\”:ﬂ
u‘é‘él\]ﬁ@{mﬁﬁ‘};% TITHILNTE, REGF
DD & 2% BIESGAFEZMKT 5 r‘:NlZI-W)(m/n\
Z,OH% SRR ERTE S,

opZ,  pu;Z, 0 0Zy,
- =— | pD
ot + 8I] 81;, Z 617

S

S

72720, n=1 . N1TH b, I TDIEILETRICE
Lwed 5L, ZA2x L CunityvV 4 AFEM %2 w5
LR, BlZX3feedy AT AIIHIGT B 2 RIT
Flamelet TFERIZKD X H1cFKEN S,

% o B 82)k T 9 82Yk + 82Yk.
o —2\Mazz " az02, X oz2
. 3
+wp 3)
O _p( PT ,  FT o
Por — 2 \Mazz " M3oz02, M ozz
1 k
— (61& - chkwk)
(4)
N
p OT | 0o 0 S RO
2,07 Moz, TX0g *'E: R FY
L@i %+ 867’ +Nzk 8}/1‘ + %
201,823 X38Z3 X13 X13821

K(3)B L U4 Z M &3feedy A T L DIRBERE X
&9 % 2 kItFlameletZE M OfF 235 5L 5 A%, stiffness
ST EORIFIANK E W20, 1 kIEFlamelet 2D
il BB % 2 & C 2 RICZE R ik D?’:ﬁi%%éﬁﬁiﬁ‘i
EFIVEREL 202 2 CEEERIRSEE it
1 2R (7)), k2 2®BILAl (Z2), B& Uon,ﬂKS
HBA (Zs) 5 BHE, WICEHRT D E-p BHITE
#9252 LT, RICHDFMMATTREL 2 5,

52%,W:%i>3 (Q2DF1) (5)
E=71+ 7 nzzgggig— (Q2DF2) (6)
7+ 73
Zy
§::1__Z§ n=23 (Q2DF3) (7)

ROI~TNRS L) IHEREICIE3EE L bR, 2

Z Tl #FNZFNQ2DF1, Q2DF238 X FQ2DF3 & -5
(Quasi-2-Dimensional Flamelet), Fig. 21ZR 32X D
X912, FNEFNOETFTIN T L% 12T 721307 D
MNETFOREEINTVEL DL LTERGHEZRET
5Z L TRILOMWEEIAL TnE, TOL X, WYk
IS BT B i R LA R E oW R ITRX D X 5 12
Flamelet library (Z#&# 25,

¢ =o(&n,C) (8)

CCCEIINEITERTH V), ARWIFETITIRBEE R
DHEBESFICEDER L. ABNL, &, », BXUC
OWIEHRAEMHL 212X, 3feed¥ AT 2 DIRBE
BHEREONAZEZEIRLTW5D,

BRI et S35
AL L bbb

Fig. 2 Strategy of dimension reduction in 2D Flamelet space.
(a) 2D Flamelet, (b) Q2DF1, (¢) Q2DF2, (d) Q2DF3.

2.3 Q2DFEFILOERAH

Wi CTEANT-Q2DFETFT NV OBERBEN 2 ¥ — ¥
VIRBEZRE T VN —F 12 J:%;E?ﬁ’i’ﬂ%&kﬁ"éLarge
eddy simulation (LES) -~ {6 % #8403 5 W02,
TN —F FEERE L, NE65 mm, & Z900 mm®
HiizHEEEZ L Twb, Fig 3INN—FF v FHZR
o BiAADMY, WK (Z), BILF (Z), BLOA
WA (Z3) D3Hfeed¥ A5 A TH B BRFHIEEHCO
(09749) : He (0.0251) DA H A, BRALHIIX100 %P
02 B X UFHRMIZLI00 %DCO:TH b0 DD FHH
ZDOWTIE L Z 2RI N7z, Fig 41XN—FF v
T H OB 120 mm L& IS B A IEE, OB,
B LU COLREE DA T7 IR [ PO K %2 7R 7,
E0, WFROEFMIIBWTHEBRMEICHL KT 5
ZENbh b,

Z 2 TCld3feedv A7 2 L LT, ¥ BLAL BX
OHPHIOWREZREARRN LIz, Zoficd, BF 2 fE
CERALA, BREHE BRILA 2 HE, Lo obia RlAGD
EREZOND, ZEHEOLORFICLY, fidko 3D
Q2DFE T VAN e 2813 % L, DX &3feed
VAT ANOBH DB TH LI ERHLNIIR > T
Z)(IZIO

Download service for the GTSJ member of ID , via 216.73.216.163, 2026/08/05.



Vol. 51 No. 4 2023.7

AMKZE IRILX—2MERZREEICETIMERBN 349

For Z3

(b) Direct photo of flame.

(a) Burner tip plane.

Fig. 3 Experimental facility of oxy-fuel combustor burner.
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CO2 with experimental data.
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Study on the Multi-Objective Optimization of Bladed Disks
for Forced and Self-Excited Vibration and Amount of Unbalance
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ABSTRACT

Although bladed disks are nominally designed to be cyclically symmetric (tuned system), the vibration
characteristics of all blades on a disk are slightly different due to the manufacturing tolerance, deviations in the
material properties, and wear during operation. These small variations break the cyclic symmetry and split the
eigenvalue pairs. Bladed disks with small variations are referred to as a mistuned system. Many researchers suggest
that while mistuning has an undesirable effect on the forced response, it has a beneficial (stabilizing) effect on blade
flutter (the self-excited vibration). Therefore, it is necessary to optimize a bladed disk for forced vibration and blade
flutter. In this study, a practical optimization method of mistuned bladed disks that optimizes the resonant stress,
the amount of unbalance and the stability for the blade flutter. To verify the proposed optimization method, first, the
original mistuned bladed disk, which has the maximum amplification factor, is generated by Monte Carlo simulations.
Second, the optimal bladed disk with the minimum amplification factor and the amount of unbalance is searched by
using Monte Carlo simulations and the genetic algorithm, while improving the stability for blade flutter. From the

analysis results, the validity of the proposed optimization method is verified.
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Key words : Forced Vibration, Self-excited Vibration, Unbalance Vibration, Blade, Mistuning, Optimization
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International Gas Turbine Congress 2023 Kyoto (IGTC2023 Kyoto)
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URL : http://www.igtc2023.org/
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IGTC2023 Kyoto Registration Desk (c/o ¥kt A —H A4 F HYEHAR/THE)
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