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Time-esoived atereoscopic PIV results showing vorticity distributions at midspan

Unsteady CFD results showing vorticity distributions st midspan

[X 4 Comparison between PIV measurements and CFD
snapshots showing vortex shedding affected by
nozzle wake interaction (Gottlich et al.)
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¥ 7 Oxford aspirating probe (Payne et al.)
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[X18 ETH Zurich unsteady entropy probe (Mansour et al.)
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[¥9 Difference between entropy and stagnation-pressure loss
coefficients (Mansour et al.)
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[¥[10 Modulation in entropy generation rate (Mansour et al.)
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Sketch of rollup mechanism.

[¥11 Wake-separation bubble interaction via enhanced K-H
instability (Stieger, Hodson)
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Pack B Pack D-A  Pack D-F Pack E Pack F

Four high-lift airfoil designs compared to the baseline
Pack B design.
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X114 Tested airfoils for various loadings (Praisner et al.)
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Figure 9. Comparison of loss-versus-Reynolds number
characteristics for the four high-lift and baseline Pack B designs
with power-taw fits for each data set.

[XI15 Midspan loss coefficients (Praisner et al.)
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X116 Effect of wake passing frequency on loss coefficients
(Praisner et al.)
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X117 Pressure distributions for three airfoils having base, aft- and
front-loadings (Gier et al.)
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X118 Loss distributions for three airfoils having base, aft- and
front-loadings (Gier et al.)
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X119 Comparison of loss coefficients for three airfoils (Gier et al.)
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[¥20 Parameterization of endwall contouring geometry for
optimization (Germain et al.)
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21 Effect of endwall contouring upon front-loaded airfoils
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# 1 List of tested configurations for secondary loss reduction
(Gregory-Smith et al.)

Label Description
P0,C0,C0a | Flat endwalls and prismatic blades reference case
Pl 1" generation profiled endwall
P2 2™ generation profiled endwall
P3 Aggresstve profiled endwall with large separation
Cl Planar endwall with reverse compound lean
blades

C2mild |Reverse compound lean blades, leading edge
extensions and conservative profiled endwall

C2aggr |Reverse compound lean blades, leading edge
extensions and large amplitude profiled endwall

C3 pew Reverse compound lean blades, leading edge
extensions and conservative profiled endwall

C3 planar | Reverse compound lean blades, leading edge
extensions and flat endwall

Table 1: Experiments Discussed in the Paper

B 128% Loss ||
W Mixed Out

% Loss Reduction
(8]

Base

z
[
a
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O

C2 aggri—

2
E
o
O

C3 planary

[¥]22 Comparison of loss reduction magnitudes for various
configurations (Gregory-Smith et al.)
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X123 Efficiency variation due to the 2nd stator clocking
(Reinmoller et al.)
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%124  Entropy contour calculated for the highest efficiency
configuration (Reinmoller et al.)
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Analysis and uncertainty evaluation of vibratory stress of gas turbine blade

ABSTRACT

&7 e

KANEKO Yasutomo

In designing a gas turbine blade, the mechanical designer should predict the vibratory stress of
the blade taking the variation into account, and evaluate the mechanical strength of the blade. This

paper, first, proposes an analysis method for predicting the resonant stress due to the interaction force
between the vane and the blade, using 3-D CFD and the modal analysis method based on 3-D FEM.
Verification tests of turbine blades are carried out, and the measured frequencies and vibratory stresses

are compared to predicted values, and the validity of the proposed method is confirmed. In the second

place, a practical method for predicting the variation of the vibratory stress of the blade is proposed,

where the response analysis of a whole mistuned bladed disk is carried out, applying the Monte Carlo

simulation. From the calculated results, the mistuning characteristics of the gas turbine blade are

clarified.
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X110 Model of mistuning analysis for a bladed disk
(Freestanding blade)
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Item Biade A Blade B
Frequeng:y deviation Du?r;z:;igi(?)lone 1.4 0.7
osu ) Due to damper(**) 5.0 50
Blade count, N, 66
Logarithmic decrement 0.01 for all modes

*  Normal distributuin
** Uniform distribution

460

Frequency [Hz]

T e e

340 [rroo oot

320
] 5 10 15 20 25 30

No. of nodal diameters

11 Natural frequency of tuned bladed disk

FEXERLTWAD, MI3Z, 100y —ADIRAF 21—
REERLTT v ¥ A IRBCEHT % 1T, &¥] (100
= AX66H) IZDWTT VY AR EDRMSIED
HESMEZROIERTH S,

HIZART LIH1E, T ¥ 5 LIRENEE ORMSHE O &
KL, F2— VRIS L TI0%BEMMT 57513 Th
b, RECEMLLEZV, Thbb, Jr5AKRBICEI
WNYTBHIAFa—=rTORBINEL, 75 LR
AT AIREEEIZIIEA B L 2V T
b, T, I ¥ LIRBIORMSHEIX, &£ TOREAE—
FOIRED 2HEFHTHY, IAF 12— I2XhEEH
WRKTAE—FLBAPTHE— VN HED, ERHIA

102

PSD [mm#/s]

340 380 420 460 500 540
Excitation frequency [Hz]
(a) Tuned bladed disk

ET0 ) S—

104§

PSD [mm?/s}

105

108

340 380 420 460 500 540
Excitation frequency [Hz]
(b) Mistuned bladed disk

X112 PSD of random response of tuned and
mistuned bladed disk

3 ‘ i ' : y
& 400 - i y S— :U»,« scon e o - o
5] ; : ! g
3 :
o H
© -
[
w
200 +
e ;
. i
0.8 09 1.0 11

Normalized RMS of random response

13 Histogram of random response of mistuned bladed disk

Fa—Z Y FRRPTI L ENT/INE L b2 & iR
T& %,

—%, Hl4iE, F2—rREIAFa2—rRIIOo0
TOeN—FT=y 7 ORIBEEMTEIT o MHRTH Y,
B -F4A7R11 66OE) oEFERAEXZRLTWL
%, K15iE, 100 —AD I AF 2— > RARERL TH
WSR2 47v, &8 (1007 — & x66M) (22\T
RIRIRIGOFEE G 2 KO TAERTH S,

IHPOHBHLEIC, N—F= v HIEOESIE, 3
AF 2 — Y ROTHFHIS I OBRKMEIEF 2 — 2 2DOHK 2 %5
o TWad, $2bh, HMEMEORIREETIE
IAF2—rOEEIKE L, ROREMEREI T,

Download service for the GTSJ member of ID , via 160.16.212.192, 2025/06/11.



Vol.36 No.5 2008.9

HZ2a—E L BROIRESHEMR & L5 D& DA

425

100
— 10
3
E
(]
©
2
=3
£
<
104 i
300 350 400 450 500 550 600
Excitation frequency [Hz]
(a) Tuned bladed disk
100 v v
E
E
)
©
2
=
€
<
10+

300 350 400 450 500 550 600
Excitation frequency [Hz]

(b) Mistuned bladed disk

X114 Frequency response of tuned and mistuned
bladed disk

500

400

300

200

Frequency

0 0.5 1.0 15 20
Normalized amplitude of harmonic response

X115 Histogram of 6 harmonic response of mistuned
bladed diskk

Fa— 2RI LU THE LRSI LT, K150
IR IRFa2a—VHREZFE L CREREEET H4
Ehd b,

DXL, BEHIASI-—VC U DA4EBR (3259 F
HiEE) 1220 T, BORBHOIES 252K ) Eof
ERIRIG AU SO ERAET L7290, IAF1—=
VIR R AT o 72 HIGIITE TV %2, ITIZF 2 —
ROEEHEERT, KI8IE, 6 /Hh—F=v 7 OHRIS
EMITHERETHY, 28 (1007 — A x990 DIsE%
BERFEL TS, ZOFNTIE, HBERORHKOIE

Download service for the GTSJ member of ID , via 160.16.212.192, 2025/06/11.

17

X118

16 Model of mistuning analysis for a bladed disk
(Shrouded blade)
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1(1) |USA 7 5 1 28 16 5 2 5 49 11 3 12 18 9 43 47| 261
2(3) |Germany 4 29 4 6 32 1 4 2 15 381135
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