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 One of the important purposes of aero-engine high speed compressor design is to decrease compressor 
weight. In order to achieve this purpose, it is required to increase the capability of producing pressure in 
each  individual  stage  of  the  compressor.  The  most  common  way  is  use  of  high  pressure  aspect  ratio  
blades. These long and thin blades are exposed to serious vibrations in the high speed flow because of 
the aeroelastic instability. Mechanical designers link adjacent blades by using mid-span shroud 
(damper) to decrease the blades destructive vibrations. These dampers cause flow blockage and 
turbomachine performance loss. In this study, the effect of mid-span damper on turbomachine 
aerodynamic operation has been investigated. In the previous studies there was less focus on the effect 
of damper on blade shocks, trailing edge vortices and near stall condition. Both with and without mid-
span damper have been investigated and compared. On the other hand, the damper effect on the 
formation and behavior of shock induced separation has been investigated in each of the two cases. As a 
result isentropic efficiency is decreased. These dampers also cause 33% pressure on blades. To avoid 
this pressure loss, the blade length is increased by 2.7%. Turbulence due to presence of damper leads to 
the distortion of vortices pattern in training edge. 
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Fig. 1 Blade geometry with and without Damper 
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Table 1 Design parameters of rotor used in the present study 
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Table 2 Design parameters of NASA 37 rotor 
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Fig. 2 2D Computational domain and boundary conditions 
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Fig. 3 NASA 37 rotor and Computational domain  
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Fig. 4 Variation of Isentropic efficiency versus number of elements for 
NASA 37 rotor blade  
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Fig.  5 Variations of efficiency versus non-dimensional mass flow rate 
for NASA 37 Rotor 
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Fig. 6a Variation of mass flow rate versus number of elements for 
present study rotor blade 
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 Fig. 6b Variation of Isentropic efficiency versus number of elements 
for present study rotor blade. 
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Fig. 7a Passage mesh from side view  
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Fig. 7b Passage mesh from top view 
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Fig. 7c Mesh in the vicinity of the blade tip 
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Fig. 8a  value in the vicinity of the blade 
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Fig. 8b  value in the vicinity of the damper  
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Fig. 9 Variation of mass flow rate versus outflow pressure 
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Fig. 10a Variations of efficiency versus non-dimensional mass flow 
rate (Present Study) 
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Fig. 10b Variations of total pressure ratio versus non-dimensional mass 
flow rate (Present Study) 
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Fig. 11 Shocks of the blade with damper 

11  1[ 

  
Fig. 12 Investigation shocks on surface 
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Fig. 13 Comparison of shocks on the blade for two blades with damper 
at different position  
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Fig. 14 Comparison of shock and entropy contours  
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Fig. 15 Boundary layer Velocity profile  
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Fig. 16 Blade training edge vortex 

16  

 -2-10   
13  

  .
   .

  
 . 

  .17 ( )
 .   

 . 
 

    .
17 ( )  

 
  .17 ( )

 . 
  .17 ( )

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

    

       

  

226  13951610  

 
 .   
  

  
Fig. 17a Velocity vector on the damper surface and shock contour 
above it 
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Fig. 17b Flow streamlines in the bottom of damper  
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Fig. 17c Entropy distribution in blade spanwise direction 
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Fig. 18 Entropy contour at the top and bottom of the damper 
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Fig. 19 Axial velocity distribution in the blade spanwise direction 
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Fig. 20 Total pressure distribution in the blade spanwise direction 
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Fig. 21 Damper training edge vortex 
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