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In  this  article,  the  effects  of  helicopter  main  rotor  blade  tip  geometric  shapes  on  the  aerodynamic  of  
hover flight are analyzed. Aerodynamic coefficients, vortical flows and vortex wakes are discussed. 
Fluent software with implicit finite volume method has been used for numerical simulation process. The 
grids are structured. Experimental results of the Caradonna and Tung have been used for aerodynamic 
validations. In this investigation, the flow has been considered turbulent, compressible, and viscous. The 
results of several RANS models for a specific rotor have been compared and the standard k-  turbulent 
model is finallyselected. The Roe method with second order scheme was selected. Thirteen different 
geometrical shapes on the tip of the blades have been presented and the results of the models have been 

compared. These studies show that  the blades of BERP IV, Blue edge,  Actual,  Bell-214 and BERP III  
produce maximum thrust and MIL-17, Sikorsky RH-53D, Tapered, Bell-412, Sikorsky SH-3D and 
Comanche RAH-66 produce minimum torque and also the blades of  BERP III and IV, Ogee and Bell-214 

produce maximum torque. 
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Fig. 1 Vortex wakes of the helicopter rotor in hovering flight [3] 
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1 Down - Wash 
2 Up - Wash 
3 BERP (British Experimental Rotor Programme) 
4 Brocklehurst and Barakos 
5 Fluent software 
6 NACA (National Advisory Committee for Aeronautics) 

 ."
2"  .

 .  . ) 7( ] 7 .[     

O-grid   

Y+  0.0003   .  

  " 3"
       

8
 RH-53D 

SH-3D  
9-1710-214 -412 

11RAH-66     
     

12  
13
 ]5[  3   4  -

 

4    " 4 "  ."5"  

            

141516 17 
 ]8.[      

300 
101325  

 
  

Fig. 2 Specifications and dimensions of the Caradonna and Tung rotor 
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Fig. 3 Various geometrical shapes of the rotor blades tip 
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Fig. 4 The grid structure on the BERP IV blade 
4 BERP IV  

  

Fig. 5 Boundary conditions 
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1 Grid resolution 
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Table 1 Comparison of the aerodynamic coefficients of the coarse, 
medium and fine grids 
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Fig.  6 Comparison of the experiment pressure distribution and current 

study in three section 
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Table 2 Comparison of the aerodynamic coefficients and experiment   
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1250  0.00453 0.000517 -1.3072%  
1750  0.00461 0.000541 +1.3187%  
2250  0.00468 0.000569  +1.3097%  
2500  0.00479 0.000609 +1.3027%  
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Table 3 Comparison of different blades aerodynamic coefficients   
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 (-9.61  %)  %)-40.62(  (-9.52%) (-25.68%) 

-17  (-11.53%) (-10.82%) (-11.11%) (-2.09%) 
-214  (+1.92%) (+1.54%) (+3.07%) (+7.72%) 
-412  (-7.69%) (-11.92%) (-7.93%) (-2.92%) 

 3  (+48.07%) (+0.88%) (+33.33%) (+7.51%) 
 4  (+32.69%) (+7.50%) (+23.81%) (+12.94%) 

RAH-66  (-55.77%) (-10.59%) (-1.58%) (-1.88%) 
   (0%) (+5.07%) (+1.58%) (+8.77%) 

  (+3.84%) (+2.21%) (0%) (+7.93%) 
  (+3.84%) (-32.23%) (+6.35%) (-19.41%) 

RH-53D  (-9.61%) (-12.80%) (-9.52%) (-4.17%) 
SH-3D   (-5.77%) (-5.74%) (-1.58%) (+7.72%) 
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Fig. 7 Comparison of the thrust distribution along the selected blades 
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Fig. 8 Comparison of the torque distribution along the selected blades 
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