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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. 
 

Keywords: 
Centrifugal pump 
Hub side chamber 
Disk friction 
CFD 
Turbomachinery 

 

  

    

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

4.
42

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

26
 ]

 

                             1 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.4.42.1
https://mme.modares.ac.ir/article-15-11517-en.html


    

                        

  

164  1395164  

1 -   
  

   
   

 
  .

  
   

 
  

  
1921 

]1[  
1935 ]2[ 

  
   

 ]3[   .

)  1 ( )  2(
1   

)1( Re =  

)2( G =  

 1  
   

  
  

  
  

2 
   

    .
]5[ ]6[    

 
 

 
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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Table 2 Volute geometry 
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3  
Table 3 Cavities geometry 

  ) G( ) mm( 
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 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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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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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. 
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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] 

13 ] 3[ 

 
9.(  

 .  
 .

 .  
14  

9   .
14  

)240  
10  ( ) 
  9  

10   .
   

 

    
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 
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