
Chapter 1: Introduction 

1 

 

Chapter One 

 Introduction 

1.1 Introduction 

Pumps are machines converting mechanical power into hydraulic power of a liquid 

flow. Their working principle is the transfer of angular momentum from the 

rotating impeller to the continuous flow through the pump. The flow path remains 

at all times towards the high energy flange of the pump, the momentum transfer in 

the impeller relies exclusively on hydrodynamic effects. This classifies 

rotodynamic pumps amongst turbomachines and distinguishes them from positive 

displacement pumps, relying on hydrostatic working principles. Centrifugal pumps 

create head by the centrifugal force due to radial outward flow.  

1.2 Motivation of the Present Study: 

Centrifugal pumps with vaned diffuser and high head have recently been used in 

various kinds of large-scale industrial plants, whereas small pumps with higher 

speeds are demanded by limitations on manufacturing cost and installation space. 

In general the performance of a diffuser pump with high head is improved by 

reducing the flow losses in the diffuser, yielding high pressure recovery, and in the 

impeller. On the other hand, the interaction of the impeller and diffuser blades of 

vaned diffuser might cause a severe vibration problem. 

Blade and vane design in diffuser pumps is currently based upon the assumption 

that the flow in both the impeller and the diffuser is steady. This, however, implies 

that the radial gap between the impeller discharge and the diffuser inlet is large 

enough that no flow unsteadiness of any kind due to rotor-stator interaction may 

occur. 

Actually for many diffuser pumps, the radial gap between the impeller blades and  
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the diffuser vanes is small so there may be a strong interaction that may influence 

both the hydrodynamic and structural performance of the impeller blades and the 

diffuser vanes. However, actual flow in such cases have to be unsteady, so damage 

observed at the trailing edges of the impeller blades of high speed centrifugal 

pump, which may be a result from fluctuating blade pressure.                                                  

Former research on flow in centrifugal turbo-machinery and more specifically on 

centrifugal pumps addresses the internal flow structure and global performances. 

Nevertheless, all but the most recent numerical studies consider pumps with 

geometries that lend themselves to two-dimensional considerations or apply a 

reduction of the three dimensional flow to two-dimensional considerations on a 

stream-surface. Given the limits in computing resources, earlier numerical studies 

consider a time-averaged flow field, resulting mostly in a deceiving agreement of 

numerical vs. experimental studies. Also rotor stator interaction in centrifugal 

pumps for different casing type, for diffuser pump with different types of diffuser 

number of blades and rotor –stator blades orientation effects are not studied with 

taking its effect on pump performance and pressure fluctuation on blades and 

interaction plane.  

It is also observed from the literature survey that the effect of number of diffuser 

vanes and radial gap on the system performance as well as on the Impeller-Diffuser 

interaction has not been explored well so far.  

 The present work addresses the ability of experimental work and three-

dimensional time dependent computational techniques to predict rotor stator 

interaction and flow separation under its various forms, focusing on industrially 

relevant geometries. However, the objectives of this study can be summarized as 

following:  

1. To achieve further understanding on the effect of casing type on the internal 

unsteady flow and pump performance. 
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2. To achieve further knowledge on unsteady phenomena in volute casing pump, 

vanless and vaned diffuser pump. 

3. To study the effect of flow rate on the flow inside a vaned diffuser pump. 

4. To investigate the effect of blades orientation in a vaned diffuser pump. 

5. To achieve information on the effect of the number of diffuser vanes in a vaned 

diffuser pump. 

6. To study the effect of variation of radial gap in a vaned diffuser pump on the 

pump performance. 

The aim of the present study is not only to improve the efficiency of the centrifugal 

pump but also decrease the effect of pressure fluctuation on the hydrodynamic and 

structure performance of the impeller blades or the diffuser vanes. 

1.3 Layout of the Present Thesis:- 

This work consists of six chapters, an introduction, a literature survey,   a numerical 

analysis for the code with code validation, an experimental work setup , 

experimental & numerical results and conclusions & recommendations. The 

literature survey is presented in chapter 2. Chapter 3 describes the used numerical 

methods plus code validation. The experimental setup and measuring equipments 

are discussed in detail in chapters 4. Also some of the experimental results are 

presented in order to verify the numerical results which presented in details in 

chapter 5. Finally the conclusions and recommendations are presented in chapter 6.   


