
  

  1395165 187 -198
                

  

    

     
mme.modares.ac.ir

  

    

    

    

    
                

 

  
:  Please cite this article using:

A. Meshkati Shahmirzadi, S. Irani, M. Farrokh, Numerical analysis of blade flutter in low-pressure turbine, Modares Mechanical Engineering Vol. 16, No. 5, pp. 187-198, 2016
(in Persian)

        

  1  2  3*  

1-              
2-            
3-            
 *   3381-16765 farrokh@kntu.ac.ir  

      
  

 :06  1394  
 :02  1395  

 :29 1395  

             .            
    .                  .  

                     .     
                        .  
                           . 
        .                 .  
                  .          
                        . 

                 .          
                   .       

   .  

  
  

  
  

  
  

  

  

Numerical analysis of blade flutter in low-pressure turbine 

Amir Meshkati Shahmirzadi, Saeid Irani, Mojtaba Farrokh* 

Faculty of Aerospace Engineering, Khajeh Nasir Toosi University of Technology, Tehran, Iran 
* P.O.B. 16765-3381, Tehran, Iran, farrokh@kntu.ac.ir 

ARTICLE INFORMATION  ABSTRACT 
Original Research Paper 
Received 26 January 2016 
Accepted 21 April 2016 
Available Online 18 May 2016 
 

 In this paper the flutter phenomenon in turbomachinary is introduced. The importance and 
characteristics of the flutter as a dynamic aeroelastic instability is presented. Conventional methods for 
the blade flutter test and different approaches in flutter analysis of blade are described. Among the 
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 
determination of the stability based on the analysis results is presented. According to the criterion the 
local and global stability can be concluded. Numerical analysis has been performed by ANSYS CFX. 
Mesh independence and two different turbulence models have been examined and results have been 
validated by test results. Numerical analysis has been carried out for two steady and unsteady states. In 
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. 1 Collar’s aeroelastic triangle 
1  

1 Non-synchronous 
2 Collar 

 

Fig. 2 Failed compressor blisk in the CT7-9B engine due to HCF [5] 
2  CT7-9B ]5[ 

2 -  
2 -1-   

 .
   

 
  .

 
   

  
 .  

 
  .

   
 

   .
 

 
  .  

  .

 .]1[ 
  

 
  3   .

  .  
   .

   . 
   

 .]6[  
   

1%   .
  

3 Time-marching 



    

              

1395165  189  

2 -2-      
  .

 
    .

  
 ( )    .

1    
 2 3 

 . 
  

  4    .]1[ 
 

   

3 -   
3 -1-  

 
     -  .

  5 
  -

   

3 -1-1-   
6  .

  
  .

 
]7[ .   

    

3 -1-2-   
   .

    .
   .
  ]7[ .

  .

 
   .

  
   

1 Free flutter 
2 Influence coefficients method  
3 Traveling wave mode method  
4 Inter blade phase angle 
5 Nodal diameter 
6 Material damping 
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Fig. 3 Section of PW1000G engine model [10] 
3 PW1000G ]10[ 
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Fig. 4 Test rig [1] 
4 ]1[ 

1  
Table 1 Blade profile parameters  

    
  mm 50 

  mm 45 
  mm 97 

  deg 4.5 
3  - 1.94 

hub  mm 383 
Shroud  mm 480 

1 Free standing 
2 Passage 
3 Aspect ratio 

 

Fig. 5 Blade indexing and test rig coordinates system 
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Fig. 6 Blade oscillation schematic in bending modes 
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Fig. 7 Coordinates system of orthogonal modes  
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Table 2 Specifications and boundary conditions of test  
    

  kg/s 2.36 
 ,  K 303 
 ,  kPa 112.3 

 ,  kPa 109.2 
 ,  kPa 102.9 

  - 0.21 
  - 0.37 

  deg -26° 
  - 0.1 

  

 

Fig. 8 Developed view of blade surface 
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1 Arcwise coordinate 
2 Spanwise coordinate 

  

 

 

Fig. 9 Measuring points coordinates 
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Fig. 10 5 passages modeled in ANSYS CFX 
10   
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Table 3 Specifications of three meshes 

  
   

Y+ 
 )mm(   

 72784 48 0.487 40 
 230464 26 0.104 64 

 786630 8 0.040 90 

  

 

Fig. 11 2D view of three meshes  
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Fig. 12 Pressure coefficient at midspan 
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Fig. 13 Pressure coefficient amplitude and phase; blade-1;axial bending 
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Fig. 14 Pressure coefficient at 90% span 
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Fig. 15 Pressure coefficient amplitude and phase; blade0; 
circumferential bending 
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Fig. 16 Pressure contour 
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Fig. 17 Pressure coefficient amplitude and phase; blade-2;axial bending 
17   2-  

 

Fig. 18 Pressure coefficient amplitude and phase; blade-1;axial bending 
18  -1  

 

Fig. 19 Pressure coefficient amplitude and phase; blade0; axial bending 
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Fig. 20 Schematic of two values of nodal diameter and position of 
blades 
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1 Transient blade row models 
2 Forward 
3 Backward 

)24( =
2

, = 1,2, … ,  

)25( =
2 ( )

, = 1,2, … ,  



    

              

  

196  1395165  

  )  28 (
]13[.  

)28( ,
, (x, ) = ,

, (x, )  

   b 
      

       .
6-1 -3  

   
9   
]1[12  

 .
= 90°   1-  2122 23 

 .   
 

 

Fig. 21 Pressure coefficient amplitude and phase of total response; 
blade-1; = 90°; axial bending 

21 = 90°  -1  

 

Fig. 22 Pressure coefficient amplitude and phase of  total response; 
blade-1;  = 90°; circumferential bending 

22 = 90°  -1  

 

Fig. 23 Pressure coefficient amplitude and phase of  total response; 
blade-1;  = 90°; torsion 
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Fig. 24 Contribution of different blades on stability of blade-1;  
= 90°; axial bending 

24   -1 = 90°  

 

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

25   -1 = 90°  

 

Fig. 26 Contribution of different blades on stability of blade-1;  
= 90°; torsion 

26   -1 = 90°  

Fig. 27 Aerodynamic damping 
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