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Abstract. Contribution is focused on modification of low-specific speed pump impellers with respect to 
stability of their Y-Q curves (i.e. head curves). The design modifications are driven by analysis of the 
dissipated power. First, dissipated power is evaluated by CFD software in individual working parts of the pump 
and then its dependence on flow rate is investigated. Pressure fields within the pump are also carefully 
examined. Special attention is paid to impellers and configuration of the blade channels and recirculating 
channels. Results point to significant influence of the proper inflow to recirculating channels and also to role of 
the volute, which is more pronounced than in conventional impellers. All integral characteristics from CFD 
simulations are verified experimentally.  

1 Introduction  

The low specific speed centrifugal pumps are known for 
their low hydraulic efficiency. The reason is usually 
ascribed to secondary flow in blade channels of 
impellers, where so called local eddy develops. This 
phenomenon causes increased losses due to recirculation 
and also higher streamline curvature at the impeller 
outlet, resulting in a significant decrease of the angle at 
which the liquid leaves the impeller (viewed in relative 
rotating space). This deviation from the blade outlet angle 
poses reduction of attainable delivery head or specific 
energy [1, 2]. 

Operating characteristics of the centrifugal pumps 
may show signs of instability, which may significantly 
affect the possibilities of their use. The specific energy 
curves used to be fundamental from this point of view. 
The instability can be detected or the problems with the 
pulsation of the static pressure and noise of the machine 
can be predicted on the base of these curves. 

Above mentioned problems are often solved issue and 
it is therefore very important to identify the main causes 
of the instability. Their design of course varies according 
to the operating parameters of each pump. The main 
attention in this paper is focused on the low specific 
speed centrifugal pump. Investigated pump will be 
equipped with a conventional impeller with thin blades 
and a new impeller with thick trailing edges. As a basic 
tool for the analysis CFD simulations will be employed. 
Wherever it is possible the results from the CFD analysis 
are compared to the data obtained from the experiment 
[3].  

2 Main parameters and computational 
mode of CFD simulations  
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Figure 1. Impellers with thick trailing edges and with / without 
recirculation channels, spiral case and conventional impeller. 
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Figure 2. Blade-to-blade view and meridional section of the 
pump. 
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3 Dissipation power  
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4 Main characteristics  
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Figure 3. The specific energy curves obtained from 
experimental testing and from CFD simulations. 
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Figure 4. Dissipation power in the pump. 

 
Figure 5. The curves of hydraulic efficiency (CFD) and total 
efficiency (experiment) in the pump. 
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5 Analysis of pump interior  
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Figure 6. Meridional section of the pump.�
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Figure 7. Dissipation power in the spiral case. 
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Figure 8. Dissipation power in blade channels. 

�

Figure 9. Dissipation power in the gap between the hub and 
cover of the pump. 

 

Figure 10. Dissipation power in the gap between the shroud and 
stator of the pump. 
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6 Pressure pulsations within the pump  
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Figure 11. Static pressure pulsation in the whole pump interior 
close to the shut-off point. 

 

Figure 12. Static pressure pulsation in the whole pump interior 
close to the best efficiency point. 
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