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Typical seeding materials for use in air flows are:

Material Particle Comments
Diameter
[wem]
AlOs <8 Genemted by fluidisation. Useful for seeding
flames on sccount of a high melting point.
Glycerine 01-5 Usually generated using an atomiser.
Silicone oil 1-3 Very satisfactory.
8i0; Particles 1-5 Sphericsl particles with a very namow size
distributian. Better light than TiO,, but
not as good as glycerine.
Ti0, Powder From submicron | Good light scatterer and stable in flames up to
to tens of 2500°C. Well known from LDA, but not
i ded for PIV on of a very
wide size distribution and lumped particle
shapes.
Water 1-2 a by atomisation. Evap
inhibitor must be added.
MgO G d by combustion of iy
powder giving a dirty unsteady supply of
seeding. .
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22363rpm, FESH 4 DEERIITA ¥ T O REO
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{b} Stiesn Lines (Flow Analysis}

BI10. 3 RITHEVERNTHE R & o HBURAE

50mm OFFHEFBHEEA VXL T, 9 /B8
RU7Z-E#E446mm, HITIE20mm, BAE 6 + 6 DK Ns
AV RGERT, R8I, D4 RS %FHLT, |
B $011000rpm JE A H1.50 K B /EE) & CaH| L7-4
IS A 2R IOJEEIZ268m/s, A Y CE#IZ
169m/s TH 2, AL LDV OFEEHZE 2 IZ5RT,

RSB R M TO0ETH D, 1 HY47 ) OFHARER
BEDORBOFFI LD L1294 Y Fudky &R
THY, HllE 1 SO/ FREEIX1/120, 4 ¥ X5 A
DIFy 7EE154mm 2 L C1.3mm TH b, ¥—
FAYTREERY—F 4 Y EERE L, ZoFHIITIE
FHEE 1 4720 O F — & #i3100~20018, 1 FEFBTH
T, CoF— 7S 2 E L,

F=F B BRVAERIDY 2Ty FOF—FIZRS
N5 & ICREOFES 2R HFIERNTH Y,
HELECERBOMKICE 2HABKTEEHTE TV
%o MEMETY 2L, FICAERATHREIMET LK
BEOEFIONT Y FHILKL, RAOEHIFKEL Bo
TWAZEHEEND, TN TRHOFEHIZETET,
Va5 FORBENETTE LW BILERT I LA
DFHID S TR B,

T/, OBEICCRETRIISHMA 2R MEEYH S 2 &
A Do K0S 3 RITTHEAR L O ERY . 1R
MR R LGN R I 2OV R KL TBY, BT
HMRVPEBOTENER{HEETETVWDZ L 5, #
PREREZMNTHLAEROBEBREN 2 RENE 55T
a7 MNIBEIL, ZOREEOHRNIE HICHEB
WHICEOVHLTIOL ) 2 RBESHIERENDZ L
BhHNb,

Dl X512, LDV EHERIC L - T, OF ¥V Fa—
FEOREEICIE 2 RNV FEETHZ L, QRBDR
PiZEoTYaT Yy FOFREIMET T 229 7RO HE
BRIV L, QREEFNEOKE SLEBTE
ko @CFD DMGED TE B, &) T EHH 5B,
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*£3 BIEHEA RTIOIER

Pressure Ratio 3.9
Mass Flow Ratio 6.8kg/s
Peripheral Velocity 480m/s approx.

Blade Number

11+11+22 (Double Splitter)

Diameter

373 mm

~= LDV measurement station
* Pressure measurement

11 BEESL T

M12 L—¥RE okt

4. BRBAEEEA AT ORRIE"

WIZEEEA X5 OFHIBIZ RS, R3IICEEH,
M11, 12124 ¥R, FHORFERT, 1 Y RIFR
373mm T ) /A& WA, EER$iE24,700rpm TA ~
T JEHEIF480m/s L BV, ZOFHITIIE M % 8045
L, BEEIFAICEBERIZEOF 24T /2. 72
VT4 TR =T 4 v RMER L7z, K131
7R3 LDV ETllss 5 & CFD OB S 5 & 512, &
BT RE 2 BRI N THEE R RWCRmAEE TIEL A
EOEBE W N—FT BT EFUEEIZ R - TV 5B Z L A%
AN B, 72, WA DIZHF B CFD & DB T35
DY — VI TWBDS, CFD TERATI v ¥ %
SATENEMEBERRE TEFIRKEWVDH, ERTIZ
AFEHHOFERIET 24 7% {, CFD TIEL X L F—
HBDOFEL B L TN B L2 5,

4 YRS PRHEOFRNCER 2 b 5 —2DOFENE
BEREENE v —rBW2Y 29y FEHENSARD
FHITH B, MY 25 FEROE DA R
L CFD o8 %7, BIEERPOR TS Y RTDRE
WBHBEHEA 72— ET4.5kHz, 77 —A MRS
)y % & T 9kHz, HOE T18kHz TH %, EH ¥ ~
F—ZLE2 S EEEEED L O ENT W27
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fy = 600kHz
AP = 350kPa(FS)
Diameter = 1.52mm

Pressure Transducer

Amplifier f=1MHz

Data Recorder f=1MHz (At=1us)

Rotation Rotation
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HIATHOEHBEORELHAMICHO R D LS TER
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A

Z OFHABII MBI D R WE~ v B, BEETOR
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WCEEB, 15, 161CHBRRM, FHUME %2R,
COPITIIHEROEEICHE LCRHll 21T o7,
1R & 92, BREOAERD SH40% DN 8 T
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JEE M ORFAEB 2 WAL TR I Ldbird, &
LiZ, STNHLDTF—FIIEZHHFHL, 5008057 — 5 ¥z
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L9512 hoTwA,
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PVED & DR OGEREEA ~ 5 ERTE O sHBAH
BEEICHEATED, IR L -HEMLINC b ks
DOFHUBM BB ESNTFEHTEZ L)1) 22h 5,

£5 BEETHESVRIDIFIEH

Pressure Ratio 1

Mass Flow Ratio 3.3 kgfs

Peripheral Velocity 680m/s approx.

11+11+22 (Double Splitter)

Blade Number

Inlet Diameter 168 mm

H15 EWBHFEA T & HRBRRE

Section I

—7 CFD O##4 3 S H5ICBE L L, CFD 2 THE
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M RICL o T CFD X Z D & F— % Do %At
DE2BLLZOICATREY—VTHY, CFD &EHllE:
MIMEL RS BEL TV DL HFT 5,
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(1) Schodl, R., 1974, A Laser Dual-Beam Method for Flow
Measurements in Turbo Machines,” ASME Paper,
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Control of Combustion Oscillations in Premixed Combustor
—Control of the Combustion Oscillations by Resonator—
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Abstract

Recent regulation on NOx emissions are promoting the use of lean premix combustion for the high
temperature gas turbines. But, premix operational experience has been accompanied by combustion
oscillation. We already applied the Helmholtz resonator for reducing the combustion oscillation in the
combustion chamber at the atmospheric pressure. It is found that the combustion oscillation is reduced

by optimizing the size of resonator parameters.

Therefore, the controlling system, which automatically controls the resonator volume to minimize the

oscillations amplitude based on the dynamic pressure signals in the combustion chamber, is applied to

the combustor. The test results show that the controlling system can achieve large reduction of the

oscillation amplitude in the wide operating conditions.
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Control of Combustion Oscillations in Premixed Combustor
—Evaluation of the Resonator Method for the Gas Turbine Combustor—

1112 SR BiH Mk HHE fa!
YAMANAKA Susumu MAEDA Fukuo SHIODA Kazunori

aH —pE 1B FjEg*e P4 IE#E*
IWABUCHI Kazunori TSUCHIY A Toshiaki OKAMOTO Masanori

F—T— KN REERE), HRA S, REEEE, TIRAMREE, TAEEREE, tes
VYT NIN—F, wNFN—F, AOZRRE
Combustion Oscillation, Gas Turbine, Combustor, Premixed Combustion,

Combustion Instability, Resonator, Single Burner, Multi-Burner, Inlet Air Temperature

Abstract

Recent regulation on NOx emissions is promoting the use of lean premix combustion for the high

temperature gas turbines. But, premix operational experience has been accompanied by combustion

oscillation. We already applied the Helmholtz resonator for reducing the combustion oscillation in the

combustion chamber which had single~burner at the atmospheric pressure. And, we applied the con-

trolling system which automatically controls the resonator volume to minimize the oscillations ampli-

tude based on the dynamic pressure signals in the combustion chamber.

Nowadays, the low NOx combustor has several burners (multi-burner). It seems that there are some

differences of combustion oscillations between multi-burner and single-burner. Therefore, the combus-
tor which has multi-burner was tested to evaluate the resonator method. And, the effects of the inlet
air temperatures were evaluated for the resonator method. The test results were shown in this paper.
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Unsteady Flow inside the Single Rotor Blade Row with Multistage Tip Turbine
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Tip Turbine, Cluster Fan, Separated Core Turbofan Engine, Computational Fluid Dynamics
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Abstract

Numerical simulation of the single rotor blade row with multistage tip turbine by using the CFD

code “UPACS” is conducted to investigate unsteady flow inside the tip turbine. From detailed analyses

of the result of the numerical simulation, an efficiency of the turbine rotor blades is dropped at boar-

ders where the turbine rotor blade proceeds into from low-pressure to high—-pressure stage. At the

borders of the stages, inverse pressure gradient between suction surface and pressure surface of the

rotor blade is observed. Large amount of mass flow leaks from a blade row to the following blade row

through a tip clearance at the boarder, since the inverse pressure gradient and static pressure rise at

the exit of the rotor blade accelerate the flow. The leakage of mass flow causes secondary flow and

drastically lower an adiabatic efficiency of the turbine blade.
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