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 In the present work, an inverse design algorithm called Ball-Spine (BSA) is developed as a quasi-3D 
method on the meridional plane of a centrifugal pump impeller with rotating frame and incompressible 
viscous flow within it, with the aim of improving its performance. In this method, numerical analysis of 
viscous flow on a thin plane of flow between two blades using a 3D viscous flow solver is combined 
with BSA, which modifies hub and shroud geometries. Namely, instead of solving inviscid quasi-3D 
flow equations in the meridional plane, full 3D Navier-Stokes equations is solved on the thin plane of 
flow. To show the validity of the present work, centrifugal pump is numerically evaluated and 
numerical results are compared with experimental results, and flow field in the meridional plane of 
pump impeller is obtained using quasi-3D method. By studying the algorithm in the rotating geometry 
and choosing static pressure and reduced pressure as target parameters, the ability of performance of the 
algorithm is assessed. After that, the new impeller geometry is obtained in conformity with the modified 
pressure distribution by defining target pressure distribution on the hub and shroud surfaces of the 
conduit and trying to eliminate excess pressure gradients. Obtained results indicate good rate of 
convergence and desirable stability of BSA in the design of rotating conduits with incompressible 
viscous fluids. By using the above-mentioned optimization method the following results were observed: 
increase of static pressure along streamline, 1% increase in the pump total head, delay in impeller 
cavitation inception. 
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Fig. 1 schematic of Centrifugal Pump 
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Fig. 2 Implementation of the Inverse Design Algorithm 
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Fig. 3 Free Body Diagram of a Ball [1] 
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Fig. 4 Schematic of a Meridional Duct 
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Fig. 5 General View of the Centrifugal Pump Model 
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Fig. 6 Mesh Configuration Used for Flow Analysis 
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Table 1 Boundary Condition for Numerical Study of Centrifugal Pump  
    

  0.15 bar 
  1%  

  15.5 kg/s  
  100 µm  

  1 atm  
  0.001 sec.  

2   
Table 2 Evaluation of the Dependency of Mesh  

   )Pa(  
1842482  180169  
2173604  178888  
3277226  178261  

1 Shear Stress Transport (SST) 

  
Fig. 7 Comparison of Numerical Results and Experimental Results  
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Fig. 8 Created Quasi-3D Duct with Boundary Conditions 
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Fig. 9 Initial Guess and Target Geometry for Validation of  Ball-Spine 
Algorithm in the Rotating Frame 
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Fig. 10 Converging Process of  Reduced Static Pressure Distribution 
From Initial Guess Geometry to the Target Geometry 
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Fig. 11 Converging Process of  Static Pressure Distribution From Initial 
Guess Geometry to the Target Geometry 
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Fig. 12 Grid Study for Design of Meridional Plane in the Rotating 
Frame 
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Fig. 13 Current and Modified Reduced pressure Distribution Along the 
Hub and Shroud 
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3     
Table 3 Values of Dimensionless Head and Flow coefficients  

      
  0.102 0.577  

  0.104  0.583  
  

 
Fig. 14 Current and Modified Geometry of the Meridional plane 
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Fig. 15 Static Pressure Contour on the Created  Quasi-3D Conduit: a) 
Initial Conduit b) Modified Conduit 
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Fig. 16 Meridional Velocity at Leading Edge 
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Fig. 17 Cavitation Operation curve for Optimized and current Impeller 
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