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Method-to predict the blade vibration
stress induced by wake flow

WAN G Me'?, JIANG Hefu> L UWerrlin'

(1 <chool of Power and Energy , Northwest Polytechnica Univerdty, Xi' an 710072, China;
2\ Gas Turbine Establishment of China, Chengdu 610500, China)

Abstract : This paper aims at researching the influence of the wake flow from the stator
vanes of the previous stage acting on the following rotor blades. The wake flow of stator
vanes and the unsteady flow in the passage of rotor blades were solved by usng oscillating
fluid mechanics theory and parametric polynomial method. Then the aerodynamic pressure
field obtained from the analyss of unsteady aerodynamics was trandormed to the form of
load pressurefield which is suitable to the analysis of structure dynamics. The damping coef-
ficient of response applied to the analys's was achieved from the experimental result. Thus,
the response of each harmonic can be calculated first ,and then the whole response can be a
chieved by superimposing the responses of all harmonics. From solving the flow fluid to sol-
ving the structure response ,a semi-empirical method for engineering application was estab-
lished to predict the vibration stress of bladesinduced by wake flow.

Key words: aerogpace propulson system; wake; unsteady flow; oscillating fluid me-
chanics theory; parametric polynomial method; Fourier series; damp; re
sponse; blade vibration
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NODAL SOLUTION
. STEP=1

SUB=1
FREQ=8104
SEQV (AVG)
DMX=0.503E-03
SMN=0.529E-05
SMX=0.333188
A=0.023804
B=0.071401
C=0.118999
D=0.166596
F=0.214194
F=0.261791
(=0.309389

1
( )
Table 1 Inherent frequency compare of simulated
blade and the calculating mode
(rotor blade) in thisthesie

| Hz

600 1 566 2103

( ) 366 1542 2225

(MPa)
Fig.6 Equivalent stress amplitude
distribution on blade dody under
the 1st harmonic{M Pa)

Table 2 Blade’ sformer three inherent frequency
in air and the corresponding damp ratio

B
/ Hz 366 1542 2225 W@ B ::r:\-l] SOLUTION
I % 0 084 0. 006 0. 023 { \\B (—ﬁx SUB=1
™ [ Q847K FREQ=16209

T SEQV (AVG)
DMX=0.426E-03
SMN=0.317E-04
SMX=0.512855
A=0.036662
B=0.109922
C=0.183183
D=0.256443
E=0.329704
F=0.402964
6=0.476224

6) (0,

a 06035B '\ 84835x10°"

(MPa)
Fig.7 Equivalent stress amplitude distribution on

O, o.. 10° blade dody under the 2nd harmonic(M Pa)
0.1, M Pa . , 107
Op, Coodman 0.1 =490MPa,
Rx : O0,=1015MPa, Oo.2 =865 M Pa.
0P .1
R« = (8)
OQPa +0.0n R = og. _
, T 00.+0.0n
) , 1015 x 490

1015 + 1.026 + 490 x 20 = *> 87

:0.333 + 0.513 + 0. 180 =
1 026(MPa) . 20
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NODAL SOLUTION
STEP=1

SUB=1
FREQ=16209
SEQV (AVG)
DMX=0.426E-03
SMN=0.317E-04
SMX=0.512855
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B=0.109922
C=0.183183
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(MPa)
Fg.8 Equivalent stress amplitude distribution on
blade dody under the 3rd harmonic (M Pa)
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