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Fig. 11  Tornado-like separation vortex at spike onset
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Fig. 12 Flow mechanism of spike stall inception
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images (right) conditioned with pressure fluctuations in
the combustor (@,=300 [1/min], ¢ =0.8).

Fig. 6 Reconstructed 3D flame structure (a: no control, b:
continuous secondary fuel injection and c: 40Hz secondary
fuel injection).
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Fig. 8 Streamlines obtained from the phase-averaged velocity
maps with contour surfaces of progress variable (0.5).
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Fig. 9 Schematic of simultaneous dual-plane CH PLIF, single-
plane OH PLIF and color-based dual-plane stereoscopic
PIV system.
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Fig. 12 Example of sequential CH PLIF images (a), OH PLIF
images (b) and fluctuating velocity vector map images

(c).
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(1)

Fig. 14 Streamlines obtained from time-averaged velocity

components and instantaneous distributions of
heat release rate (a: S=0.6, b: S=1.2).
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Fig. 8 Flow visualization of a low aspect vane endwall surface
by oil-film method.
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Fig. 9 Endwall oil surface flow visualization for the planar
endwall (Left) and the contoured endwall (Right)

Fig.10 Temporal sequence of four representative patterns of
instantaneous streamlines and vorticity fields obtained
by PIV.
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Fig. 11 Time averaged St number distribution on the
endwall near leading edge
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Fig. 16 Film cooling effectiveness distribution on the suction
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Fig. 17 Film cooling effectiveness on a rotating turbine
blade endwall measured by psp
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Fig18 Time-averaged film cooling effectiveness blowing
through circular and shaped film cooling holes
measured by acetone LIF at x/d=2

Fig. 19 Time averaged film cooling effectiveness measured by
Acetone LIF along center line.

Fig. 20 Instatanious film cooling effectiveness of circular hole
(Top) and shaped hole (bottom) measured by Acetone
LIF
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ABSTRACT

e R

NISHIO Shigeru

—E W

NINOMIY A Nao

The fundamental ideas on velocity measurement by means of image processing were described and the applications

of those approaches were shown. A brief history of the development of PIV was described. PIV has two origins of

development, i.e., the ideas based on optical method and the applications of digital image processing. The interactions

of scattering lights were utilized for the detection of image displacement, and it reaches to the same destination by

replacing the procedure with digital processing of image. The challenges for three-dimensional measurement were

also described, and the present status of those attempts is explained. The applications of PIV measurements in the

field of turbo machinery were also introduced.

F—T7— K :PIV (KFBi{RyEED), MR

RS, ST

PIV (Particle Image Velocimetry), Image processing, Measurement principles, Applications
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Fig. 1 Velocity distribution obtained by hand-processing'-?
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Fig. 2 Image processing system using mainframe computer”
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Fig. 3 Optical processing procedure of speckle method?’

Fig. 4 Example of Young's fringe"
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Fig. 5 Illustration of interference of point source lights
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Fig. 6 Principle of multi-frame particle tracking method"”
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Fig. 8 Correlation coefficient distribution of PIV measurement
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Fig. 1 Schematic for distributing back projection (DBP)
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(b) Snapshot of the 40-lens camera

Fig.2 Detalil of the 40-lens camera

£
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Fig.3 Schematic of the camera tracking system

(c) £Zs=4.0mm

30.4mm

30 4mm

Projection images taken by 40-lens camera

Fig.7 Horizontal reconstruction of spherically expanding
Fig4 Concept of double timing exposure with staggerd layout propane/ air fuel-rich premixed flame.” Zs denotes the
exposure apartures height from spark gap
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(a) Horizontal cut view at
z,=-0.835 mm

(b) Multiple cut view at x = 1.4
mm, y = 1.4 mm and z;=
-0.835 mm

Fig8 Bird's-eye views of instantaneous 3D-CT data of a

spherically expanding spark-ignited premixed flame.”

Artificial coloring is applied. View direction : (8, ¢ )=
(-60 deg, 30 deg)
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(b) Second shot group ( # = 1.29 ms)

Fig9 Projection groupes consecutively taken with short time
interval of 1.29 ms with the multi-lens tracking camera.”
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(B) Second shot ( #= 1.3 ms)

Fig.10 Samples of CT-reconstructed light-emission intensity
in horizontal cross-section. z denotes the height from
burner top
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Bottom view
Fig.l3 Schematic of the multi-mirror optical system for
simultaneous multi-directional photography

(a) First shot (£=0ms)

% Figl4 Overview of the multi-mirror optical system for
i i i simultaneous multi-directional photography with a single
camera.”

(b)Second shot ( £=1.3 ms)

Fig.ll Two sets of the birds-eye view with horizontal cross-
section information,” which are indicated by red-colored
levels. Directions of sight are fixed to the direction of
(0, ¢ )=(-30 deg, 30 deg)

Fig.l2 The 158 lens camera awarded the Guinness world
record” The mobile phone indicates the scale.

Figl5 Projection images of turbulent premixed flame (¢=0ms)
taken by simultaneous multi-directional photography
with a single high-speed camera and the multi-mirror

(2)
system

— 50 —
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Fig.l6 Time series emission light images taken by 3D-CT
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reconstruction (# =0~ 4ms ).” Top and middle figures
are for central longitudinal planes. Bottoms are for cross-
sectional plane at z = 10 mm
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(BRRT 4 Y TNV EERAET 4 7 Fay 774 ¥ T NDHE)
Film Cooling Performance over Dimpled Cutback Surface Measured by Transient

Technique with Compensation of Three-Dimensional Heat Conduction (Comparison
between Spherical Dimples and Teardrop-Shaped Dimples with/without Inclination)

N .
KONISHI Hajime

ABSTRACT

i L

SAITO Hiroshi

o &

MURATA Akira

AR p [ E T M

IWAMOTO Kaoru OKITA Yoji

Cooling at trailing edge of gas turbine airfoil is one of the most difficult problems because of its thin shape:

high thermal load from both surfaces, hard-to-cool geometry of narrow passages, and at the same time demand for

structural strength. In this study, heat transfer experiments by using transient technique with compensation of three-

dimensional heat conduction were performed for cutback surfaces with three types of dimples: spherical, teardrop-

shaped without inclination, and 45deg angled teardrop-shaped dimples. The present results clearly showed the precise

spatial distributions of film cooling effectiveness and Nusselt number. Although overall film cooling effectiveness was

almost same among three types of dimpled cutback surfaces, overall Nusselt numbers of teardrop-shaped and 45deg

angled teardrop-shaped cases were higher than the spherical case; the teardrop-shaped dimples without inclination

gave slightly higher values both in film cooling effectiveness and Nusselt number than the 45deg angled teardrop-

shaped case. As a result, net heat flux reduction of teardrop-shaped dimple without inclination was the highest among

the cases examined.

Key words : Heat Transfer Enhancement, Dimple, Film Cooling, Turbine Airfoil, Transient Technique
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Fig. 6 Streamwise variation of spanwise averaged

Nusselt number ratio, Nu,/Nuw y-1, and film
cooling effectiveness, 7, in smooth surface case.
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(b) Film cooling effectiveness, 7.

Contour of local Nu/Nuwy=1 and 7 without (upper half)
and with (lower half) compensation in spherical dimple
case for M=1.0.
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8 Streamwise variation of local Nusselt number ratio,
Nu/Nuwy=1, and film cooling effectiveness, 7, at
spanwise center (z/H=0) in spherical dimple case
(with compensation) .
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Fig.10 Streamwise variation of local Nusselt number ratio,
Nu/Nu y=1, and film cooling effectiveness, 7, at
spanwise center (z/H=0) in teardrop-shaped
dimple case (with compensation) .
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Fig.12 Streamwise variation of local Nusselt number ratio,
Nu/Nuw y=1, and film cooling effectiveness, 7, at
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shaped dimple case (with compensation) .
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Engine Noise Test of Notched Nozzle

FidE ERRT
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ABSTRACT
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TANAKA Nozomi
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ISHII Yutaka

This paper describes the noise test of a notched nozzle using a demonstrator engine in outdoor environment. The

notch, a tiny dent formed at the nozzle lip, is expected to suppress both jet mixing noise and thrust loss due to the

mixing enhancement. Authors have continued research and development on this mixing device through experimental

and computational approaches. As a result, a revised version of the notched nozzle, 18-notch, was proposed and tested

in the model tests under cold and hot conditions. An experimental validation with the larger-scale 18-notched nozzle

was then conducted using a turbo-jet engine. This paper outlines the noise test setup with this engine and the test

results. The newly proposed notched nozzle showed the improvement in noise radiation characteristics and provided a

potential reduction in effective perceived noise level as much as 1 dB compared to the baseline conical nozzle.

Keywords: / vF, Yxv bhLrVr, Vxv MEAES BB JREEREET L~V
Notch, Jet Engine, Jet Mixing Noise, Noise Test, Effective Perceived Noise Level
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RERFIC F R BT & S, B R IEERRM )5 2SR & (Fig. 1 ), 7 AVFHH» S W T=MEENO 7T >
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EDOEAWZHIET S LWL %D, 1980FE F TIC

szt 20134 2 H27H
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*2 WIHI

%3 TYLIN-HFT— - TxN Fig. 1 Concept of notch (left) and the 6-notched nozzle (right).
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Fig. 2 Noise test site(top), microphone position(middle), and
schematic view of the exhaust section and the tail pipe (bottom).
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Fig. 3 Narrow band responses of the baseline nozzle with and
without tone correction.
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Experimental investigation was conducted for the purpose to develop bio ethanol fueled heavy duty gas turbine.

Combustor equipped diffusion flame burner and air atomize nozzle so to achieve high combustion stability. NOx

emission of bio ethanol was less than half of kerosene and NOx emission was correlated with fuel adiabatic flame

temperature. Combustion efficiency of bio ethanol was over 99.5% at FSNL condition and over 99.9% at base load

condition. We confirmed combustion dynamic and maximum liner metal temperature of bio ethanol was under

acceptable value at base load condition.
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Table 1 IZARBIZEICH V72N F 25 ) — VoMK%
Rt RFETIZT P FEZEREL, 69%DKT%
BATNA T ) —VEBRELE Lz N A8 ) —
AT IR THAVE & H 72 ) O FE 2= (LHV:
Lower Heating Value) »M& <, T ER U A R ¥ —
C U RS - DIIE 3G DR SN B E
bo NAFITH 7 —VIT95%H INRIEDTSC, BIKIED
155C & 4T (95% %4 iR © 243°C, 51K 1 50C 2L
B) WCHARTHESE, BELRLTVWERTHL, N+
57 = VOIS E TN A EHESIT 1 mg/kgkiil &
METHYH, REFOEFEITITERT 5uel NOxIFHH
ERELRV, Fo, MESDIMERETH L, Pk
Mo, NAFIE ) —VIIHES, RN RE
THYFTAY - OBEL LTHEATRETHL EEZ
bo WAFIY ) — VIFBUKIEDIRECTH D STl & X
TEDIKEREL, THELIZ VW, 200, N1 F
Iy =V EKREREG L THREET 20546, BERIE
ANWHTNAF LY ) — )V E KDL Wizw, B
DIFNDBESTH B0

Table 1 Properties of Bio ethanol

Item Unit | Bio ethanol | Kerosene
Water content wt% 6.9 -
LHV kJ/kg 24500 43500
Density gem® 0.81 0.79
Viscosity mm%s | 1.86(20°C) | 1-1.5(30°C)
Initial boiling point °C 76.5 154
95% distillation
temperature C 78 243
Flash point °Cc 15.5 50
Nitorogen mgkg 1T 40
Sulfer mgkg 6 6
Hydrophilia - Hydrophilia | Hydrophoby
3. MiRFGE

3.1 MBHEE
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AL, B SR ) VTR T T2 22 e S 5 4
FNIROBRBERIZHAT B0 RTINS AT ) —
WS S RBER & U CHRRIRBE T X2 BRI L CTB Y, K
D AW SIEFE L7723 F ¥ ) — VIEREESE TR &
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Fig. 1 Structure of combustor
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Nozzle tip Swirler Fuelspray Table 2 Experimental Condition

Gas fuel A Item Unit Condition

TN \\\\&\:‘ N \ GT Load % 0, 10, 25, 50, 75, 100

Atomize air N ‘\ —
OB \\\\“\.\\ : Inlet Temp. K 653K

\\\\\:\g\\“ ; § Inlet Pressure MPa ~0.7MPa

Bio ethanol, Kerosene

Liquidfuel ‘] Fuel _
\ r—— A " Bio ethanol-Water mixture
\\\\\\\ TR Water/Fuel(W/F) | keke 0.069, 0.34, 0.61
DODOOD
Atomize airCol e eeeeeeeee \\\ 3
MY :
Gas fuel Q@ T 2500
W\\\\\\\ 8 Kerosene
® 2000 / Bio ethanol
Gas fuelinjection hole Atomize air 3
©
Fig. 2 Structure of fuel nozzle “é_ 1500
2
—P—§ { Water % 1000
FIQV{neter & Pump “?_,
@ 5 [ A ] f © 500 Airtemp. 653K [
X X X X
— Q Kerosene ﬁ Fueltemp.293K
Stopvalve 2 0 .

Control valve

0 1 2 3 4 5
Bio ethanol Air excess ratio (-)

|| Combustion Dynamic"

Fig. 4 Adiabatic flame temperature

Olifice

oA B L OERAMOELELEICBVWTNL + Y
J =, NAFIY )=V EKDBERE BRERA
?%%@HEﬁERWTOM)wﬁﬁ%E%Hﬂkw

Cooling
water

, it L CAFIT L 720 2RI 50Ok % A 55 5 7
’W‘.N ) \ VIBCHET S & 2EBL, KREHEH ilO%EJTU\
_>|Q| Combustio Backpressure PSR L. F72, KIBEBEIZBWTIE, &

m lon valve

[CompressorH Preheater] chamber R S 12 BV TW/F=0.069, 0.34, 0610 3 7 — &
THRBEFIE % LB L 72, Table 2 HOW/FiX, N1+ =

Fig. 3 Combustion test facility 7 ) — VIR L2 KRREICINZT, N Fx¥ ) —)
PICEINH69%DKTZERLIMETH %o 2R O

RS, PRELER T 2 2 U CRREL Y, XV~ Ifs L 72 Iy ) = ViIRED10%, BKET DTS 7 —IViEEA395%
NAF LY ) — VRO EFTO T HRICIEG 32 &iE RETHL L, KOREIZL Y FEHEIET LKL

LTEY, e\t 4ty —nvofiz, ~4+x1% FRIENIDEL 7B L E2ZEL, KIFEICBWTW/F
J =W ERE L REBRE O AR TH 5o 12061 (61%) ZHAfEE L, [A—&a 5t Cld R BER

B xas ! i%%:m@ﬁ?ﬁ%f)"’oﬁtn‘/‘b HEEROTE % F?iﬁ*ié: b X \REE R 2 R L CEBR L 72

JEJJHEESIC K D IR L 21212, WEEHIA Y 7 1 A, Fig. 412, BERIZH 728 O 22 508 R 3203 2 W

TR AR & 4t LT%%% TR L7 BRBEIC K o THE BORRIMIE DR R R 2R3 MG 5 250 E i
A U7 BRI A i e (A, K I & o THH SEREEM ARG T 5653KE L, MEOIREEIX293K
Eh7ztk, HERY 7 b h B REHITIE L7z & L7z0 AHRE O M B KA ISR OBBIC X 5§
PRBEARBR TR TNSHEA AHIBL, PRBEIRE), [ ORBES 2R BRBRLOE R TRRE B ofee T72, WK
2 B T A FREH OWEE %2 FHI L TRl L 720 HEA OB AT, N4+ ) — v, KEEBRED

S iV AR AN IV S ik N d B A = AV AL)) MEVZAR TR U7z 2 AU AT Il o0 56 2t 9343500k ] /kg b2 %
YITEDOBRBEN A DB ERRL, PEA A SHTENT LTS F % 7 — VD5 E1324500k] kg, KEA
NOx, 0, (B3F%), THC (&pfbk®E), CO (—HEbie PREL D 58 BB 1 ZW/F=0.34T19600k] /kg, W/F=0.61T
F#), CO» (b FE) ZaHl L7z MRBERENIE S 1 16333k]/kg & V2 &, NAF T ) —VIdsTHhE
F LIREROREE N E IR A RE L, B O—WmISED U CREHL T DR FE T B R FEH o (C/H
& E L CERHI L 720 W) PECC EIEE L EZ LY,

Table 2 |2 B S22 R T, BTV Ay —E VD
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4. HEBRER
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ZHUEFig. 4 12K L 72BN & 2 Wi 8K 25 & W AT
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o Fig. 75, ERAMIZBIT 5 NOxHE & 13 B2k
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e TR 72 BRBESH ZILHRBE /T N Th D, BB i
JE D e IR FE AT WIREHE L RBERR N BRI I8 4§ 4 il
AR T HMEMICH B, T72, Tablel WTRT L9

NAF L =), S OERFIETH L7290,

A2 THA L 72NOx|Zthermal NOxTH b EE X 5,

1.2 T
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& 10 /k/+
K7 N
£ 08 | ]
[} [
6 0.6 Water mixture™ Water mixture
% 04 Bio ethanol  (W/F=0.34)  (W/F=0.61)
N _——O
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Gas turbine load (%)
Fig. 5 Comparison of NOx emission
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Fig. 6 NOx emission vs. Water mixing ratio
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Fig. 7 NOx emission vs. Adiabatic flame temperature
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Fig. 8 Flame condition (10%L)
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Fig.10 Combustion efficiency vs. Water mixing ratio
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L7z, VTNV =iy -y cilRanhs
Ky — Y v o&it7ut x (GT-94412), ¥ —4 v
VAN E — KBV AT LAORETEOREEED Y
Ialb—va ViR (GT-94573) DIsENDH o720 %
72, ¥ —KBREO ¥ — Y VNS T 58 Lk
HiABEMEDUSA (Multiple Exhaust DUct with Source
Adjustment) 2SEE SN, WE ANVG#EHO Y -~
EOCEDAFERDOILIIC L Y, TR S CTOBN
PR S 7z (GT-95441) . [Z2IffMT & icdifb] ot v
Ta T, RS — REAREICE LT, TR T
BRI O 2 G L, 7277477 —
YT I)=I AV IORHABLUT 4 7 a— VLS
FORMBLICE YRR LEFHHPAOILKREZRY, & —
CUMITRERSY -y ofRMICX D IKEEIL TR
WAL Z o 72078 (GT-94286), K—F v Ky agw
FED EEL DY — RBHEROEMBEAITICBNT, 7
DOENEWERE OMAE LI X B VAKPIVEHIC X
D, R=F v F¥aI5v FIZX s ADFEREE AL
EHGOHEOERE R L 720F%e (GT-95134), HE
& — RGO OEM PR E 2 R, 2otk
R G 2 b EYEATEEYEC N 5% HivR#ELIc X 5
TN b EREHER IR 2 1% (GT-95515) @ #iihAs
Hotze T, F—KHBEOIF - I LT, BH
MOy 7y I v~O@HZHIE LT, HERZED
WEBALE O T BENC L D S oni s 2L s ¥
5VAT (Variable asymmetric turbine) 2324 X7z
(GT-94590)

INIH A —C VI T Ay ¥ a rTid, [E#ER

it i b X OERE ] B LT, ANUBORLRA TR
=RV v bV (AMT Olympus HP turbojet
engine) ZWHRIZ, VY UHBROFRETFTIVERHE
L, Wy rorBKEz leTihbonlzfinrs—
7 L QI - FAMi 24T o 720F 78 (GT-94405), FAEMD
<A Z2uHfAY—¥E Y (Turbec TI00) ZxtL T, #
AIEADOHRIAZ K 5% w M) M oK & BRI
Ol Ex R L72ii%E (GT-94569), HED T V7V 5 —
Y 2 ERE) O DT AR RE TR S s Mo AR o<
A 70 AT —Erafdg s LT, FORIMIIFEN
TERE & BRRE X BT EE D W 2 IR 038 2 12D W T O
78 (GT-94134) oRE»MTbNI, [HA 7 NVET AT
A IZDWTUE, R-245fa¥ i % J v 72ORC (Organic
Rankine Cycle) ®250kWF§TEIE®E DRl & — ¥ >~ OB
¥, TR, BEUmRBRE X R 3 RICE L EOIRE
1L73, CORFEE X ORENREEICS 2 5882 X
72F78 (GT-94078), 24L7 4 —ENLV Ty IV D F — K
WHAHED & — ¥ VPSR L 72 & — RIS IR
TTH- 2 B8 2 A L 727 (GT-94492), MEMSZ
FIVORZERY TORBICEHLT, MK TH
DN DOEAEFFHTIZ BT 2 BEMBE RS 0B % R~ 7
Wige (GT-95885) O#iiddh o720 F72, ONERAILH
T %50 ~ 1I00WHIN IO~ A 7 aH Ay —¥ rORSEOH
RIZOWTOHEDD Y, WMEeE & MR, O
B, BERL EOEKEROESHOBFEO R R
e LR &7z (GT-94005) . [#E #EHEB X OV E
Wl Oty aryTiE, BERRGBOUREHWE LK
ATV I FRE A — R T F A MEAOFHIZE T 0%
(GT-94940), ~A4 7 a % —¥ v HOMLBREIZOWT,
Z ORI LAIEE, BINRENES Y — v R &
OB OEE LRI D W I2EZAEORA (GT-95032),
BANOx L XV TH T HE 7 G.0. (Gradual Oxidizer)
Piia HAER T A ¥ — ¥ 2k LTRSS LFERE L 7202
(GT-94688) DIFEFEN D 72,

2. E93IvURX

I IVIADE Y T g VTREINTHINEICS
WU, SN (AR, R X OEaERA ] 58Tl
HEINTWELD, TbHoez2lahizwn,
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5. ¥—FREMoOMREL N 5.1 flEBI%R
5.1.1 77 ¥ « Atk

7 7 - MO ERKIIFICE LTI, 9ty
Ta rpRESh, BROWMLBS T =T 4 YT A
BIRENz, 72720, 200y x v e Vddh o727z
W, FEBRORFEBIZAMNTH o720 FEEFEIZI0E Y ¥ 3
v, BT THo72DT, kv g v, e B
LR Lize ERITIX, FA 168, WHEIHE (GEk
T2, KE6HH 4V X446, HAIHME,
NUF = 2% &C, MEELFEE, FA Y EHERSO
MOCERINICE ol B, 77 v - JEMRICET
gL, ML EFTEECFDR Dy ¥ a v
THEBDORENH-720OT, FETSHLTWEE
72\,

b o & UL o7 Ny 2 X, HAHIEICE
T5HOTHY, FH3wWOTmMLPERERINT Wz, &
oWTh, BHMEE (Fv—7) Rk (2a vy
b HEr—vyZh)—bAY b (CT) ICHT5Y
DONVELTHY, FFIMOREND - 720 BRI,
BIHEZIRCT % 3%5H CHE BT 5 -0 O BlFH R Tk ot
% (GT-94408), il 5 )i CT 7% 8 5 3 HE i 4% o> 1l B¢
RBEMRNENIC G 2 2 B2 L BRI X -
TSN L2 (GT-94006), B3 % Fikild 5 =
LTCTICE DA M= - = — 3 i3 & IR T % 5
AL 2 BAEMMESE (GT-94975), J& 5 Mi#ECT % i\
TeEHET A F— OB T EBRIC X DD ZE (GT-
95114), JEF MECTOME & 3 & O i EfH %2 RANSIC
L D RDWZE (GT-94988), J&H 1) & il /5 1a] D ol

At 20134E 7 H22H
* 1 WRUHBIRS  TARRem T2
T125-8585 & fii X HiE 6 -3 - 1

5.1 Wi PR

Wy — Yy DRENFTIZIO Y Vg T30
WA o 72 (WEAERESIME) o FERRIC I W BRI 1 (2

B BN OIRKGH, W EROMEDNETH Y,

JEfEs2fd 20134E 7 H16H
* 1 WRHIZBAERT  HAZWRZEDT
T312:0034 V7=b Zh il 1832- 2

LI S A

YAMAMOTO Makoto

ABEDENY — R ELSE, REREDONY - %
CEFDTRD 7158 (GT-95560), PIVREHll & CFDIZ X ),
Wl )7 InECT 2 % iE L 72 2 UL 4 A% o 3t AU 3 % 5
AT L 728k %8 (GT-95550), &5 Mi%CTIC & % 3
nNihosay r—IJ A=) - x—Y  EICH
T 5 FEBRSE (GT-95842) % &I NTWwiz, £
72, COMOTWNHIEICET AL E LT, EAMTIEH
B OBFE AU X 2 FUEEEIHI 22 L ICBI 2 Bl E e
(GT-94723, 94907, 95240), EHWKE M LIZX 28R
JE A B3 2 BRER TR (GT-95342), — i SUfis 1A
BTy Ryt —b s ar sy 72X B8R T 5
e (GT-95302) 7 &Eh3dy - 72,

ZOMDMEy 7 ZZBE LTI, FEFoM0Ho%R
R Do 72, TEEZEO WA R EREZ © IR E W
FEPEICBES 258 (GT-94264, 94220, 94698, 95209),
4Ly b T4 A=Y a IS B REWERCHERE
DB\ T %8 (GT-94998, 94374, 94311), R
ME RN 212 X 20N € 7 VLICH
T 578 (GT-95020, 94816, 95487, 95983, 95013),
I bE—NV T Ta—TVarvERLKLL IV
RoOm#HREHIE T 2078 (GT-94143, 94864, 95018,
95447, 94708) 7 L HHRE Sz,

T, WAL My 2 2ELT, WiEzatiRLd
L ET R D22 RIS 2 5 8 2 EERINICH] S
M L72E%e (GT-94731), 7 7 Y BRI BIT 5K
WL ORI (GT-95448), 4B & & ZRE) % A1
L 7z B o AR E) o it Ak syl e aH RSB 9 2 P78 (GT-
94770), ¥ — VOIRNIRNDIEMEED 22T EREIC KT T
BRI Yo 720 (GT-95689) 7 &b FEFE Iz,

1.2 -V
=4

MIYOSHI Ichiro

BHFMC CTEBREBRWEN M2 SHLEZERZL T
oo v va vl LTS — ¥y 0&)iiket, Bk
Uit — b, RMEM S LELEEBR, HEEM Y v T4
MOORNIEI, WEIZRR L FHROTH, Rk AR,
Y — RGN OB TR S Twiz, Mgk
SNT2BRABILA T UCREN - AT IS & ) 3y &2
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2T, HLVWAIRZS Z TR ETH 5 X9 12
U oz, ML OWFRRED, D ¥ — R aefks L
T, EO X)) REENLHERmARM SN, ZAVE—F)
REEOBHWHEIEDL LTV LD, SHOZEEIHE
HLTWwW&E 7w,

ZENMAHPTRODENTH o720, 77V v
VK% Whittle®f 72 R. Miller [k ®#%i# [Mechanical
work potential] T - 72. 150BNEDEHIE T B R
W2z, RO E CTHEEIN TV, ¥ —E VI
BUWTAODR S MITHE E THIRT ABHTED e 5 Kk
KA %G9 5§88 & L TMechanical work potential
VI LWigERr EHEL, F—ECrolERFEoOH
BREME L TWS, BTy — VY vAHBEOA, ERE
O EFH OB G ARG 2 BN S R, &
WD FMA A D HEFB, BNOGHIZZEAN DRI T
FRIRICKRE CRET LI EDRINT VD,

¥ — ¥ NN OFHIEA & L TIZPIV (Particle
image velocimetry), JFEEHIT T —7, M HGE %
HwZz85llcoZkihosEaf, ®Bimlcoiih
DOFHE, KEH S & 2ERAOBRE, FEEFEEISE
N3 2 WEBL R OFH AR L THED SN TwWiz,
LW ElilEdro@HE & LT, FM-DGV (Frequency
modulated Doppler Global Velocimeter) % H V7256
= VN OFHIR R R SN Tz (GT —94460) o
% B o Il dn s B 2 v, BiER R T X 2N

5.2 1%

X—T— K EOEME TV T V-

Y — KW AR Ly a3 T7ToH D, 310
WA S NIz Dy ¥ g VIZBWThEL Y — R
WERNRE LIZ#HAZ S ALN, ThbeB0beds
Al CHOREEE DOWFZEA S S N7z

FHITECEMEDOPIMRBEL 71 7 2 — ¥ THAE
§ % el g 2 PIV-C AL L 72/ R 2 iy L7z (GT-
95468) o PNZIE M JHAITE AT FEE L 72 L i =
DEMTOFHIFRZ EIRL72bDTH D05, BRE
OB TIE G L AR OKE VR JEN IR T D%
BIE M R L s OEMEPIRIEL 74 7 2 — ¥
DN R E % P> 72078 & LTIz (GT-95788) #°
» Y, LESEURANSD M J5 Tl ul s A3 FE 4§ % Fudi

JEfRZA 20134E 7 H12H
#*1 (RIHI BBz
T235-8501 AU TR DXHT AT 1 7 it

DFEFELFUML TV IHABRENIZ, Y2y v b
ANV K25 % —V¥Y > (ATRDrig : Advanced
Turbine Research Demonstrator Rig) % F\7=HFZe3
HR 2B - 720 MTU Aero Engines & @ I [6fff 38 T,
— DO S A OFIFE & VEREREM, BhERE T
WS IRTEAUS AT TR B ORI,  JEE 3 TR O K
FEREAN, TEAMARAEDKE WL ORI &£ <
DOWFZE R A S Twz (GT-95700, 94631). [F]
BORBHME LTIEF VLAY 2y y PROZEY —¥
> (LSTR : Large Scale Turbine Rig) 75&% 0, @y
ME* v T4 2oofwhith e Fi st ORAHZITET
bEZITo Tz (GT-94109)

RyEwgm L & LT, BRIBIRICET 254 (GT-
95150, 94055, 94745), BEFZIR D L3 FRfbiz X % 48
I A IR K o B EF (GT-95000, 95002, 94169, 94943,
95843, 95148), HInHILIKOMES (GT-94425) W3t
LNTWiz, B, MBEIRIROZRETE IZESIH L VE
V2 — VIBINCEAVEREM & A DL b il Sz
ALYy b (GT94566, 95113) & AH (GT-
95995) 2 & Z i EEGAL, FFEOHIHIR) R HERE S
7z

iy — ¥y ORGEHFREE L TRy — ¥ ViR
PE—RCVEREREAN 0k & s B LB 1IC B3 201 %8 (GT-
04872), F7-, BHEEWIROIEE TN & IRAVENT 2 H
WTHR LR (GT-94872) 78t s Tz,

L BIR

KAH ™

OHUCHIDA Satoshi

FHAR R ERRAE R L &L DR SN, FNERMLD
NggsE e LT A H & LCPIVEZIGH L 72058 (GT-
95134) Tix, ¥ —FKF ¥ =TV v I L .OEHET
=V 5 FBEOWGARHE DTN %, ZE)ET)
% DU AL LA R R TR L 74 SRosili s S
720

e (GT-95788) &%, ¥ —KF ¥ —IV vy Dr—
YT I =AY MIHEH LRSS (HREINT
W5, (GT-94286) TIEfliH 2k TR AT v F OfiL
BAWNELTLT7ATFTHRESN, =V - Fa—
7 DOB i m P ALK T 5 CFDAE RAFEE S
720 (GT-95263) Tl -LEMBEDO R 2 — MERICHK
WL 72 OBESHIER L, £ ¥ 7 2—HEkic
BliESNbr—2 v 7 MY — b X ¥ b2 CTIEIIE
WReFazeclmmba s RKAPIRSI NIz, (GT-

Download service for the GTSJ member of ID , via 216.73.216.96, 2025/07/12.



430 2013FEASMEEBE AR 2—E 55

HA#HR 2 —EFR%

95335) 1& € DFEH O BBAEANIFER L 722 BOILEFi>
r—3 v 7 b — b A Y N OCFDENIC T 5T
Ho7ze TNA ADRPEHEC 2 IO T, BHHE
TR T b BHL - KBUEAL L T sl bz,
BAERHE O S AL L Cw < k2 5K L 72 b
DELTIE, BiFRTELR FEHFH (GT-95644
95688), & — REEME LD D B\ IZHEN ORI
S G watE (GT-94254, 95782, 95012) 432813 5
Nb, MATREDEFRMABEINLE T A XKz
BHEICBWH LW Y — REWE R - 72 58EK T, 1
B RO EERRREEZHAA LR HI B STV 5,

(GT95012) TIXCOMFH TV 2 2 B IE M b%, (GT-
94078) TIIR-245FA Z1EBhififk & 2 %5 » ¥ v A
T NWHRE R L o> T Wb,

—HTIOX ) B KBBGEE & R % 25 —koe
W LIS 72 B 7V T O EE 2 "L D 202812 D
HHDPHEE 5720 (GT-94932) Tld, RitEICHEENL
OO TFHET NV EED 7 7 VRS 5
HADFEEEI N, (GT-95821) TIELEIE Mt ERKD
Ty ) v RMIRIRERE L~ OB 2 S E Lz
WICIHNTE TN AIR E 72,

5.3 JEHEHN & BT

IEHRNERTIZIO Ly ¥ 3 v T3 HEL D -
7oo WEED T2y ¥ a Y33 LT 5 &, GBIk
TEICHIML T2, HTh, PEOEEIHRDLEL L, 43
16t E Lo %,

¥ — ¥ VEROFEEFRNTIE, BES—E VIHT
BIFENL L, WAMALIZAE S BE R _E o R iiH D2
DWIEDRRTH %, FIHEERIZOWTHIER EiELN,
M E DB P TILBEN R FFE (GT-94418) %, #
BEOBMICELTY =y M7 HLE" oxpRE%2 R0
72 (GT-94575, 95810) »FEI N7z, MEF - U #
BEDOL A 7V AT RHIB R LESRDNSA W HE & 72 >
TETHBY, iR L-HEERHOMEEIIINS DR %
FEIHE STV, WBI2iX, BiEs T o e L
T, RREFIP RIS RATTHE R LSR5 T
Wiz (GT-94091, 94768). F 7z, FEridB X 0BG
WX D BB THRRT v ¥ vy VBRI ENEICD
WCREHNZ IR 717805 0, FEEFAFIC X BIRAH
KOIEARE E Tz (GT-94234) 6

JEMBEBIMR T, FICEIGTH NS OB H DTS
NTW5b, BRI RITTIGVERRDOEE L2 H7:
b (GT-94187) =, KA OV TH Y - Big
Ll - BEREOTHICE > THlI&ER S bEEEN:
ARz 0 (GT-95252) AFEFKEize TSIkl
H L SDESE V- BAEET RIS X AW TH o 720 R
AR OB O F i AL OB 12OV TIA 7SR
3MBICdH Y, WEICLAENEIRLOLANFHIS N
Twiz (GT94523), fic, % E:IEMiHG o T JIKE B
LT, HMPVDOTHEDZD 155, &R T

EhizA 201345 7 H23H
1 Julks
T819-0395 4 it 11 P4 [X I [ 744

I !

YAMADA Kazutoyo

10f S OFHEMS T2 F W CLESHMGE S h, ALIBER S
sliding mesh® 3z 5t @ [ % i g ¢ & X+ 4508 H vl i
THbHIEHRENT (GT-94550) o

R TIE, KEME TR LTI T TV
ADKE S OB A FERN - BUEWISHR72H 0 (GT-
95749) %, BERIAZLEESL (rotating instability) 122
WCEHEPIV AV CEBRINICHR 2 5 0 (GT-95820)
Wdholzo BEMWEHWE LR REOMIIE, %k
HTFM o E (GT-94639) LM~ — T v DLt
(GT-94757, 95432) \ZBIF AHFFEFe&k I Nz,

RO X5 ICEHEIE KRB LOBICH ), KBIEE
AT 2% (GT-94852) b -7z LvL, —
TEHEESNOIEFERNERFRNIFHETE 2T iEE2
WziFged B o 72 (GT-94574, 95059, 94847), Zd X
I HEHETEE, B R MAVRE L, BEEMECERYT
WX B IEEFRREZFTMT 2L EICENTH L L v
25

HET T ECFDET Y Y 7220w Tid, 9ty v a
Y, AHOHEEID > 720 TIUINEE L IZIZFET
5o

EAL AR OBZE T, EFPEZ T TR KRR
R M FRF R 2 Z L C, SO VER) T o i ik
B fT b T w2 (GT-95155, 95062, 94838). #l &
FEOKKItAL £ LT, POD (Proper Orthogonal
Decomposition; A 25 #) 12325  RANSO #i %
EFNVHHAEN, NASA Rotor 677% uF G IAHEE L 72
Wges 258 - 72 (GT-94914) . 22 o R ITHE % B2
Bk T & %720, BHEERERIE RIEICHEM S b, i,
Mhkox vy VERHICBIETTA T4 T7~Y=a2T7 7
7F v ) v TEMOISHEBRE LRz D - 72
(GT-95736) -
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CFDEFY) v 7R TIX, CFDOM:RE T2
HMLUT, BRI THOEED, Ty 7 MEAZh
T W ANLH#E (GT-94600) % Time Transformationi:
(GT-94739) ZH W@ I N Twiz, F 72, mixing
plane (2B LT, deterministic stress% &7 VAL L Bhifk
BT WIS L 2IEEHRREZEALZD DO (GT-94860)
R, BRI 2 2 L THERID LA INR
FCINH 2 S ETE B D D (GT-94390) 23S
7oo ABIZD, PERETMICB L Tr — ¥ ¥ ZBEHIH B OAR
BOFEBIRHSN Tz (GT-94595) 0 BEFSM:% Wi
B0 S FEMGMCEE T 5 2 LT, RO TG E

BYEINTEY, BIREDP> 72, ERETIVEKTIE,

EFNOMBIE (GT-94962, 94983) X #:E (GT-95069,
95605, 95030) ZATo 7=WigEAFER SN Tz, BRE
TNOBGETIX, WTNOWZEdLKE (laminar kinetic
energy) ETFNVHFARSLN TV,

PERE Pl LIS T OCFDO A I W T, 2k

e LT, StESLE2 XM EFCET VLD
(GT-95618), BhEFEF TSI X 2 IFEF RN O KH
BRI 2T o720, &5 WIRELTE 7V O RE /NS
WLESHZFER L2, S % X0 BFEICHIT %)
\2d % (highidelity CFD), Tt F CTHilEILH 5\ i
EFILIC L D ER I N TEBENFHRLN TV 5,
LES, DNSBEI4RTIE, EFIPE & & kAs B % Jedadii 2 72
BB 72 IEREEAL T OLESEH A F st g s 7z (GT-
94707) s F72, WEBIMHRESY —E VY NOHA i
DEMICLESSEH &, LESOA B RENRS &
E DI, LESEHHE D720 OFEIR STz (GT-94416)
LAV ZEE D% 0wy (Re=25,000) 2MEE S —E
R Z B L 2 L CDNSE FEhi L, VG]
(vortex generator jet) 2 X A FEEHIME X = X & %
POD & &b TR 7235 S H - 72 (GT-95277,
95278) o

6. f=ZBIR

v = Sl

TAKEISHI Kenichiro

sk

HAGARI Tomoko

F—J—R 1 HRAT =Y, 74NVLEH, WEEH, £ ETA YV MEH, ¥r 74 yEH, SR

REBIR T, BERI20088 OF LR I NI &
A& L CTTurbomachinery(Z <" 2 % H 2L D% v
SETHY, HRIIBITLERES®E - s L 138 e-
T2 LB NEN 2> & MR DR FEBIFE D — WA 2 B o

T 4 IV LEH*
y— ¥ B HNI B L 7258 O L AFE R S 7z,

—I, BB % WFFEDSIE RS T b o 72l A3 o 7225,

RIEIXTELERNRIL O TH L, 74 VA
HBEOEMREILTIX, Tripod holed®#t% (GT-94456,
94459) DJFC: Double-Jet Film Cooling (GT-94038,
94561), MiE K (GT-95027, 95042), Sister hole (GT-
95138), MIL7 4 VA D LFEIZ & A % 3l TR E R % il
i (GT-95197) ZEFH L7 4 VALK, BEICSHE
SNTEEZERICHL T X )M EEs o0 - #
et RS &7z,
F—VCVRMEDT7 4 VAGHITIIESES — LD

szt 20134E 7 H17H
* 1 RBURE: KPP T 7est  BRReADi S %
T560-8531 KKAF - Hr i fedel 1 -3
* 2 JIELHER FRAI-—EIEIFALYS —
PARRRRGEE  BERBA - R
T673-8666 JuHLILHIA I IGHT 1 - 1

W, RIWOBE (GT-94544, 94545), —E##E D
JEM (GT-95243), 5l (GT-95325) I2BIF 57 1 VL4
ESIEYIEE /N EONY (I /

HROMETNBIVCHED 7T v b7+ — 2128
%7 4NV AEHTIZISEZER Y — € v & v - iz s
BRo, BHRMNTFYET 4 =200 ERKD T T v b
74 =L EDT7 4V AGHHFRE R E (GT-94692,
94807), NGV = 7-B5 % w7z imBEH LD 7 1 )V
LG H O GEER - AT (GT-95639), #9200C & £ H A
% B 72 RGN GRBR C O BEE > A & OV IEE I % A R &
CFD#HT IR 2> 51700C EME O Tl (GT-94267), B
WY — YV OFEF OJRNZEZ OB _ L~ 7 4 )V 4
WHR RO E (GT-94581, 94591), Ui BT - o i
VAT 727 4 W ARG HNC X o TR %2 P4 59
B - AATIOATSE (GT-95385) R EAN RS —¥ v O
ABICRE S TEE L 2 B REICHIL L 725 L DR LHFESR
=Y (AN

Cut backIEIRD & — ¥ Y BBEBIEM 7 1 v 2% HIC
LT, 74VAHRNDT 4 Y TIVEBTTEDIM DB
EEREWT I LICL > THRBEDO A ViIREEZ TIF 5%
FOFEBNTE (GT95542), MRI%Z Hv» 7= 5#l 70 it Bh
KoM E (GT-94292) Cut back”Z 1 IV 2 DRANS T
W (GT-94694) 25ty Shize ¥ — ¥ VBENTY 7
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DT AN ANDFERFEERANRA S 7z (GT-95450) 6
BAEMNT TIE 7 4 )V A G HOLESHAT (GT-94281)
DHEE N T W5,

PIERS N *2

NEBEHIZ oW TIiE, 4 v ¥y V%, Sl
k ()7, Er74 v, F4rTN) 2IELHELT,
Swirl Chamber, Lattice® #1, Double-walléd £l 7%z & &
B3V LT R E NI T IBAE, BANIENT A EGR
at WFZE ISR IR S MBI H 525, G541
ESIZHUEANTE A 4 VLT T =Y DOREDVL VIR
T 7o HOER 2 CRBUBRAT AN RBIC 2 > T & 72
720, X DFERITEVIEIR, &t TOMMTR I %SG
WT— % B B\ BB R & AN S 2 WP 5E5°
£ TN TWwh, 4 YEYIVEHIIOWTIE, HEEE

IR AL R W IE AR D TR (B 2 1XGT-94452, 94611,

94727), JLBCIE O 5 AERE~ O Bl (GT-94469)
e XML T —<»PHILL, HEEHEOEHEED
Tz, BLIRIEERIZ W TIE, BB OWHER 2 H#
AabEgE (GT-958187% &), mwl A IV AT
DU EIVERE 2 5Fli 5 % #1 (GT-942887% &) 3% < iy
SNTzo MM, BHABATOMERIZE Y, EOWAERIC
BOTHERIZI D EVH 02 E L7 Ea5NE 52T

b Twb, —JF, Swirl Chamber (GT-94424, 94774,

94819) X Lattice®@ H! (GT-95237, 95412) & w721t
BE9H LW HIE RSOV TiE, BIgetnsd vzl
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FEEEBRAE R T 2 MEN LB TH 7228, 5% D

JERRZA 20134 7 H24H
* 1 WRHIZBAERT  HAZWRZEDT
T312:0034 O 725 2 h il 11832~ 2
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DVC®, X 0 IE EH 7 SN HSPS (Suspension
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