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 Pumps consume about 20% of whole electricity power in the world. Centrifugal pump is one of the 
most common pumps that works by the transfer of angular momentum to the fluid. The behavior of such 
a fluid flow in the side chamber may affect the pump performance. The side chamber is defined by the 
free space between the fixed (pump casing) and the rotating (pump impeller) parts. Steady, fully 3D 
computations of the Reynolds-averaged Navier-Stokes equations using a commercial CFD code are 
conducted in order to study the flow field in the whole pump including both side chambers. Numerical 
results are validated by comparison with the existing experiments. The impact of fluid flow in hub and 
shroud side chambers with the volute is investigated qualitatively by using 2D stream lines. Evaluation 
of the empirical equations shows that the frictional torque may be decreased more than 10%, by using 
the proper gap size. Considering this situation, the changes in the flow pattern and the value of power 
loss resulting from friction in hub and shroud side chamber is studied. It is shown that the variation in 
friction depends on the initial flow pattern in cavity. Finally, in order to obtain the relationship between 
the power loss and the flow rate, nondimensional coefficients are derived. These coefficients show that 
the change in the power loss due to the volumetric flow rate is the same as its change with the gap 
changing, but their slopes are not equal. 
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Fig. 1 Different velocity distribution in fluid flow zones between a 
fixed and a rotating surface[4] 
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Fig. 2 Distribution of the boundary layer between a fixed and rotating 
surface[4] 
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Fig. 3 Schematic of a pump impeller (Rotor) and casing (Stator)  
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Table 1 Impeller geometry 
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2  
Table 2 Volute geometry 
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3  
Table 3 Cavities geometry 

  ) G( ) mm( 
 0.058 7.57 
 0.023 3 

4  
Table 4 Operating condition 

 80  
  1450  
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Table 5 List of interfaces in different parts of the numerical solution 
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1 Circle 
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Fig. 4 Geometry dimensions and location of interfaces 
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4 Interfaces 
5 ANSYS Workbench 
6 Velocity Inlet 
7 RAM 
8 Intel® Xeon® CPU 
9 ANSYS TURBO-GRID 
10 ANSYS MESH 
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Fig. 5 Cross section and mesh (up: hub side chamber, down: shroud 
side chamber) 
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Table 6 Different volumetric flow rates for CFD 
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1 64 80 
2 72 90 
3 80 100 
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Fig. 6 The tangential velocities in the hub side chamber for different 
number of mesh elements. 
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Table 8 Comparison of the numerical solution (CFD) and the 
experimental data for the head of pump. 

 )  

]4[ 18.74 
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1 Casing 
2 Core Rotation 
3 Rotor 

  

Fig. 7 Dimensionless tangential velocity profiles in hub side chamber 
(rotor to stator) and its comparison with experimental results in three 
different distances from the rotation axis of the pump 
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Fig. 8 Comparison of the radial pressure variation among the current 
study, experimental values and analytical equations 
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Fig. 9 Velocity direction in boundary layer at shroud side chamber 
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Fig. 10 Impact of the boundary layers flow in the shroud side chamber 
on the volute fluid pattern and vortex production 
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Fig. 11 Shroud surface stream line (Meridional view) 
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Fig. 12 Shroud 3D stream line 
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Fig. 13 Experimental values based on the friction coefficient of the local Reynolds [3] 
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Fig. 14 Power losses due to changes in the gap size 
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Table 9 The portion of side chambers power loss to reducing pump 
efficiency 

   
 253.07 5.21 
 264.95 5.46 

 518.02 10.67 
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Fig. 15 Dimensionless tangential velocity changes with respect to the 
change in the volumetric flow rate at hub side chamber 
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Fig. 16 Dimensionless tangential velocity changes with respect to the 
change in the volumetric flow rate at shroud side chamber 
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Fig. 17 the non-dimensional power loss in terms of gap Reynolds 
number 

17   
  



    

                        

1395164  173  

  .
 

    
)   

   (
.  

 17 

14  . 
 .

 
) 1 (

  
0.5  ) 15 .(

) 1 ( 
)2(  

 0.5 
) 16.(  

6 -  
   (mm)  

C    
 (mm) 
 (mm) 
 (mm) 
   
 (ms ) 
   (m) 
 (Pa) 
   
 (m s ) 
 (mm) 

Re   
Re   

 (Nm) 
 (ms ) 
 (ms ) 
 (mm) 
 (mm) 
   

 
 (m s ) 
  (rpm) 
  
   
  (kgm ) 

  (mm) 
  (Pas) 

 
BEP  

Hydro  
In  

Mech  
0 )  

Out  
R  
S  

Sidecha   
vol  

7 -  
[1] T. V. Kármán, über Laminare und Turbulente Reibung, Zeitschrift für 

Angewandte Mathematik und Mechanik, Vol. 1, No. 4, pp. 233-55, 1921.  
[2] F. Schultz-Grunow, Der Reibungswiderstand rotierender Scheiben in 

Gehäusen, ZAMM - Journal of Applied Mathematics and Mechanics / 
Zeitschrift für Angewandte Mathematik und Mechanik, Vol. 15, No. 4, pp. 
191-204, 1935.  

[3]  J.  W.  Daily,  W.  D.  Ernst,  V.  V.  Asbedian,  Enclosed rotating disks with 
superposed throughflow : mean steady and periodic unsteady characteristics 
of the induced flow, Cambridge, Mass.: Hydrodynamics Laboratory, 
Department of Civil Engineering, Massachusetts Institute of Technology, 
Report No. 64, 1964.  

[4] B.-C. Will, F.-K. Benra, H.-J. Dohmen, Investigation of the flow in the 
impeller side clearances of a centrifugal pump with volute casing, Journal of 
Thermal Science, Vol. 21, No. 3, pp. 197-208, 2012.  

[5] H. Zilling, Untersuchung des Axialschubs und der Strömungsvorgänge in 
den Radseitenräumen einer einstufigen radialen Kreiselpumpe mit Leitrad, 
phd Thesis, Universität Karlsruhe, 1973.  

[6] U. K. Möhring, Untersuchung des radialen Druckverlaufes und des 
übertragenen Drehmomentes im Radseitenraum von Kreiselpumpen bei 
glatter ebener Radseitenwand und bei Anwendung von Rückenschaufeln, phd 
Thesis, TU Braunschweig, 1976.  

[7] J. M. Owen, An Approximate Solution for the Flow Between a Rotating and 
a Stationary Disk, Journal of Turbomachinery, Vol. 111, No. 3, pp. 323-332, 
1989.  

[8] M. Itoh, Y. Yamada, S. Imao, M. Gonda, Experiments on turbulent flow due 
to an enclosed rotating disk, Experimental Thermal and Fluid Science, Vol. 
5, No. 3, pp. 359-368, 1992.  

[9] S. Cheah, H. Iacovides, D. Jackson, H. Ji, B. Launder, Experimental 
investigation of enclosed rotor-stator disk flows, Experimental thermal and 
fluid science, Vol. 9, No. 4, pp. 445-455, 1994.  

[10] H. I. Andersson, M. Lygren, LES of open rotor–stator flow, International 
journal of heat and fluid flow, Vol. 27, No. 4, pp. 551-557, 2006.  

[11] E. Tuliszka-Sznitko, A. Zielinski, W. Majchrowski, LES of the non-
isothermal transitional flow in rotating cavity, International Journal of Heat 
and Fluid Flow, Vol. 30, No. 3, pp. 534-548, 2009.  

[12] E. Tuliszka-Sznitko, W. Majchrowski, K. Kie czewski, Investigation of 
transitional and turbulent heat and momentum transport in a rotating cavity, 
International Journal of Heat and Fluid Flow, Vol. 35, No. 1, pp. 52-60, 
2012.  

[13] A. Nemdili, D.-H. Hellmann, Development of An Empircal  Equation to 
Predict the Disk Friction Losses of a Centrifugal Pump, in The Sixth 
International Conference on Hydraulic Machinery and Hydrodynamics, BP, 
Timisoara, Romania, October 21-22, 2004.  

[14] M. DaqiqShirazi, R. Torabi, A. Riasi, A. Nourbakhsh, Impeller gap width 
effect on losses in a water pump; numerical study, in Proceedings of The 
23rd Annual International Conference on Mechanical Engineering, Tehran, 
Iran, May 12-14, 2015. (in Persian ) 

[15] C. Lei, Z. Yiyang, W. Zhengwei, X. Yexiang, L. Ruixiang, Effect of axial 
clearance on the efficiency of a shrouded centrifugal pump, Journal of Fluids 
Engineering, Vol. 137, No. 7, pp. 071101, 2015.  

[16] A. Najafi, M. Saidi, M. Sadeghipour, M. Souhar, Numerical analysis of 
turbulent swirling decay pipe flow, International communications in heat 
and mass transfer, Vol. 32, No. 5, pp. 627-638, 2005.  

[17] K. Yu, X. Yang, Z. Yue, Aerodynamic and heat transfer design optimization 
of internally cooling turbine blade based different surrogate models, 
Structural and Multidisciplinary Optimization, Vol. 44, No. 1, pp. 75-83, 
2011.  



    

                        

  

174  1395164  

[18] J. Kurokawa, T. Toyokura, Study on the axial thrust of the radial flow 
turbomachinery, in The second international JSME Symposium Fluid 
Machinery and Fluidics, Tokyo,  Japan, 1972, pp. 31-40.  

[19] J. Kurokawa, T. Toyokura, Axial thrust, disk friction torque and leakage loss 
of radial flow turbomachinery, in International  Conference  on  Pump  and  
Turbine  Design  and Development, Glasgow, England, 1976.  

[20] J. Kurokawa, T. Toyokura, M. Shinjo, K. Matsuo, Roughness effects on the 
flow along an enclosed rotating disk, Bulletin of JSME, Vol. 21, No. 162, pp. 
1725-1732, 1978.  

[21] J. Kurokawa, M. Sakuma, Flow in a narrow gap along an enclosed rotating 
disk with through-flow, Japan Society of Mechanical Engineers, Series II, 
Vol. 31, No. 2, pp. 243-251, 1988.  


