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Unsteady Aerodynamic Characteristics of Transonic Turbine Blades
with Flow Separation
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ABSTRACT

The effect of flow separation on flutter characteristics of an oscillating turbine cascade has been studied by using a
linear cascade wind tunnel. The middle blade in the linear cascade was oscillated in a pitching mode at up to 250Hz
in this study. Unsteady aerodynamic forces were evaluated by strain gauges on the blade supporting bars, and their
aerodynamic works were calculated by the influence coefficient technique to analyze the aerodynamic stability under
all blade oscillation. Experimental conditions range from subsonic to supersonic outflow conditions whose inlet flow
angles cover attached and separated flow regimes. Comparison with the CFD results showed that the effect of flow
separation on flutter characteristics was not predominant because the flow separation on the blade pressure surface
only affects pressure distributions in the flow separated area, where pressure fluctuations are small.

Key words : Turbine, Flutter, Shock Wave, Separation, Unsteady, Transonic

1. ¥8

WA, R —Y ol RFENM LoD, KE
¥ — b ViHBEORELEATVS, L L, EEAL
FEEROBMITHIEOK TICo %2 5720, BIEHICL S
b TN EFERIER TV,

BB A F T TNDO—DIZRBHN T T ¥DH 5D,
UL, BIRE) & WA O X o TA L 5 HBiRE) O
—HTHY, BHIRHITLZLICLD, bR
F—2 /T, SHITREPHEET2BLTH %,

7T v ¥ OFEIFTNIGITHR ARAE L, FRICHEBEYR A
FAELTWREER, #EHREZE) BEITHELR TV
LENTWD, Pl ITHEERTI Y — v By 204 &
L7277 v ZWEDO—DI6HY @5 Of5e0H %, 1%
Hid, #EEEZAE Ly —EVEFIIOWT, it~y
INEASEEINS 2138, 2R AV F =03 5 &
MmO TWwh, 72, Eguchi®b ik, EBoEAMHICH
FAHMAADFIH &2 0 UK & 2HER L= L 5

RS2 20154 1 H20H
BB T 20164 2 H26H
%1 ZFEHINT—VATLARAE  WFIEHE
T312-0034 O72b A lidir1832- 2
* 2 KA

NS TIE, WEREE — FOALE T 5 RS H
HELTWhA,

XLHICERTIE, WEmOTHRE LT, BEMBRPLE
HFIEIC Y 29 KR ¥ 4 KA ZNEN&T, BiEE
LD EBDIEELIRAT LISV, 2D LD
EAEREEIC X VEOREIE—-FELTIE, ALY Ll
FPRAELZEEE—FE2 D, FRCRAL IR X %
BT B TS 520 2 ARG & 7 » TR EILIZE -
T5IZEDBRMBEINTNBY,

LaL, 20X K E— FOREL, By —
EUEINCBWTHA LRI SN TEB Y, FE
EIENT O 2> & DA HKD T W5,

R TiE, BEEY — 220812, EEEE
& 72 IREE SR & MBI 2 ER L 720 T o0
MR2IE, R~y N BoneHEOFHECL D,
JEHZNEEEN LD LI T 20 E2 WS 2ITT 5,

2. IREHNRIIEER

2.1 KERER

ARRBRTIE, BERORIENZEBL, ToRho
TR OEIREIRZ EB5 5720, K 1R IHIEA
T O % RO RH AR 2 L7z & O,

Download service for the GTSJ member of ID , via 3.144.250.13, 2025/05/02.



118 MBI BERI-—ELBDIEEERHIFMNE

BEAHR 2 —E ¥R

WIEZ BRI R o 72 T ERRBRDTHET, WREkEH 0B
PEFIT XD KM 2R 2 I AEBE IS RFF T HE & v ) JF i

b0, OO, BIIP»IHAENPERIND ) R,

RILDFRALIZ X 2B O ETRE DI b H#ETE 5,
M 212RT I, JEHT A M7 v a P29 RoRE
A L7z, BB 22 5 720 M loBRIIES
R E L7zo ARBRTIX, MREDOAZRQLDIEL
FZROFEEH L ZFH L2 P hdRE %, Hii
$20 532% 2 — FALE 2 0 LTRY %0 AR5
&, MHRELCIZ, ERMOE 2 BE TiRMoRE 3 e
L7zo MRENIIIREEE 1, SHEEIGERMEED 7 5~
VHICENERDFIF SN Tw5D, #ERIZ7I VY
& &b TH B 720, BISHT HIRAMEE
LSRR BE L o T 5,

AC motor

Heat exchanger Blower
[} =3
o Nozl | ]:
I‘f ‘nb et 1
:ﬁif_”ﬁumn|
i S4—— Bypass
4360 2440 3440
10240

Fig. 1 Overview of the wind tunnel
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Fig. 2 Test section of the wind tunnel
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Fig. 3 FEM analysis of the oscillating blade
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Table 1 Experimental Conditions

Inflow angle & [deg.] 30-63
Outflow Mach number M [-] 0.8-1.2
Stagger Angle [° ] 58.14
Inlet Flow Angle [° ] 30-63
Frequency f[Hz] 0-250

Reynolds number [-] 9.0x10°
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Fig. 4 Method to measure aerodynamic forces
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Fig. 7 Blade surface Mach number in chord direction
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Table 2 Dependency of Reduced frequency k on Mach number

F=20[Hz] | f=158[Hz] | f=250[Hz]
M=0.8 0.04 0.31 0.49
M=1.0 0.03 0.25 0.40
M=1.1 0.03 0.24 0.37
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Fig.12 Unsteady aerodynamic force in perpendicular direction
to chord (M=1.1, k=0.36)
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