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Numerical analysis of blade flutter in low-pressure turbine
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper the flutter phenomenon in turbomachinary is introduced. The importance and
Received 26 January 2016 characteristics of the flutter as a dynamic aeroelastic instability is presented. Conventional methods for
Accepted 21 April 2016 the blade flutter test and different approaches in flutter analysis of blade are described. Among the
Available Online 18 May 2016 L . . . e A .
existing analysis methods, one approach which only examines the stabilizing effect of fluid is used in
order to analyze the flutter in this paper. Firstly, its equations are described and a criterion for the

Em‘irds' determination of the stability based on the analysis results is presented. According to the criterion the
Blade local and global stability can be concluded. Numerical analysis has been performed by ANSYS CFX.
Turbine Mesh independence and two different turbulence models have been examined and results have been
SDtab"'.tV validated by test results. Numerical analysis has been carried out for two steady and unsteady states. In
amping unsteady state the response of fluid to blade vibration in three modes has been calculated. In order to
assess the total response two methods have been used and the results have been compared. Eventually
local instability is calculated and the results presented in the figures, which illustrates the contribution of
adjacent blades in instability of specific blade. The evaluation of global instability for three modes has

been presented and the obtained results are in excellent agreement with the experiment.
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Fig. 15 Pressure coefficient amplitude and phase; blade0;
circumferential bending
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Fig. 17 Pressure coefficient amplitude and phase; blade-2;axial bending
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Fig. 18 Pressure coefficient amplitude and phase; blade-1;axial bending
S50 e Sgat -1 ‘_gd)if)m%)ab}LésM‘QlB‘N

0.6} —@— Present Study
—>— CFD Ref. [1]
= 04} O TestRef. [1]

= 100

g O

2

g of

B

.

O -100

-200 : 4 i . O

-0.4 -0.2 0 0.2 0.4
SS normalized arcwise coordinate(-) PS

Fig. 19 Pressure coefficient amplitude and phase; blade0; axial bending
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Fig. 23 Pressure coefficient amplitude and phase of total response;
blade-1; ¢ = 90°; torsion
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Fig. 21 Pressure coefficient amplitude and phase of total response;
blade-1; o = 90°; axial bending
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Fig. 26 Contribution of different blades on stability of blade-1;

o = 90°; torsion

u;%sa=90°e—1@ﬂﬁqu;uaﬁs,l%gw%w

><IO-4
25t . —%— Axial J
20 Stabilizing —@— Circumferential
—&— Torsional

15

10

5

0

s W
108 Destabilizing ]
-15 ¢ 1
-180-150-120 -90 -60 -30 0 30 60 90 120 150 180

o (deg)
Fig. 27 Aerodynamic damping
Sealinng pl &l 27 IS8

S5 4 9 G e -7
A e 3 0D (Byre ilag el jo B (godsay Cand eshy ol 5o
9 W ko calizes glaciln, b wislsy o] » Fge Jelse g o Shg
AW el (sl pgd by o ools sy ol (el it slais,
S s ol g @S (b, Ghle e 5 Sl Gragl ool
Lo S all gl 4 bayye Ll 5 5 I 5 (oo 6)luly meplie
Lyt 5 Sl soae o 3 olyie 4 el 3l ) eolicl
i Jao 90 58l 5 angie @l Pl b gleans 505
03o3] @l b oossl Consy @S 008 yp U @l oVsg
e Syl (s @l 0b aglie g2 50 Ol soue S 5 [1] a2y

197

—>— Contribution of B-1 |
—&— Contribution of BO
—@— Total Blades

Destabilizing

Stabilizing

Stabilizing

L L " 1 L

SS normalized arcwise coordinate(-) PS

Fig. 24 Contribution of different blades on stability of blade-1;
o = 90°; axial bending
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Fig. 25 Contribution of different blades on stability of blade-1;
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