
UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

ANCILLARY EQUIPMENT AND ELECTRICAL EQUIPMENT – Description of Surface Vortices with Regard to Common 
Design Criteria of Intake Chambers - Peter Tillack, Dieter-Heinz Hellmann and Andreas Rüth 

© Encyclopedia of Desalination and Water Resources (DESWARE) 

DESCRIPTION OF SURFACE VORTICES WITH REGARD TO 
COMMON DESIGN CRITERIA OF INTAKE CHAMBERS 
 
Peter Tillack 
KSB AG, Germany 
 
Dieter-Heinz Hellmann and Andreas Rüth 
University of Kaiserslautern, Germany 
 
Keywords : Approach channel, Backwall, Divider wall, Dye core, Suction bell, 
Subsurface vortex, Swirl 
 
Contents 
 
1. Introduction 
2. Definition of Parameters and Design Criteria 
3. Model Testing 
4. Results 
Glossary 
Bibliography and Suggestions for further study 
 
Summary 
 
In a model testrig with easy to change geometrical shape, an investigation of seven 
different configurations of intake chambers was conducted. These configurations were 
taken mainly from existing layouts. The observed surface vortices were documented 
and compared to layouts of commonly accepted recommendations. 
 
By the choice of one of the listed layout recommendations of HIS, BHRA or 
Padmanabhan, the strength of the potential vortices in the intake chamber can be 
influenced. The Padmanabhan design is guided along a more conservative layout of the 
intake structure.  
 
All the documented configurations, which can be plotted in the recommended spectrum 
of submergence, show maximum vortices of type 2. The examined variations, which are 
located within the recommended range of S/D of HIS and BHRA brought on vortices of 
type 4. 
 
So at the first design stage of a new intake chamber for power plants, it is possible by 
following one of the mentioned recommendations to achieve an intake chamber layout 
which is positioned more closely to potential vortices of type 2 or 4 according to the 
Hecker scale. 
 
In any case, the choice of the respective layout should ensue in conjunction with the 
local preconditions and the required safety in operation, so that model tests seem to be 
advisable. 
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1. Introduction 
 
To satisfy the ever increasing demand for energy, conventional and nuclear power 
plants are used. In recent years, both types of power plants show a strong tendency to 
bigger block capacities. 
 
On average, the production of one megawatt of electrical power needs 144 m3 h-1 of 
cooling water. The heat emission depends on the thermal efficiency of the power plant. 
Today, conventional power plants reach a thermal efficiency of 40-42 per cent, that 
means about 60 per cent of the energy has to be carried off with the cooling water. 
 
Depending on the increase of the block capacity and the tendency to use a smaller 
number of pumps, the development has focused on bigger pump units. 
 
The performance of these big pump units requires a proper hydraulic design of the 
intake chamber. The intake chamber is situated immediately upstream of the cooling 
pump. It allows an approach flow towards one or more pumps which is evenly flow-
balanced on all sides and is free of large turbulences.  
 
Such a smooth flow is the precondition for an overall uncritical working of the pumps. 
Poor hydraulic design of a pump sump and intake could arise because of insufficient 
attention at the early design stage. Possible consequences are, for example, pump 
disturbing pre-swirl, noise and undefined vibrations or in the worst case air entraining 
surface vortices, which could lead to a total loss of the cooling pump.  
 
Additionally, the change of the operating conditions, e.g. low water levels in a hot 
summer or a non-uniform approach flow caused by an emergency or an obstructed 
screen must not endanger the efficiency or the security of the power plant. 
 
To prevent late and therefore expensive modifications on a newly built intake chamber, 
model tests are generally considered necessary in the design of large plants or those 
with particular difficulties, e.g. 
 
• Non-uniform approach flow. 
• Extremely low water level. 
• Multiple pumps with one common approach channel. 
• Modifications of older structures caused by an increasing demand for cooling water. 
• Additional water supplies. 
 
In principle, the numerical modeling of intake chambers is possible, but model tests 
remain essential, especially for complex situations. 
 
The transferability of the results in these model tests is ensured if the flow in the model 
and the one in the original structure are "similar". That means a geometrical and 
hydromechanical similarity, according to the relevant similarity laws, must be given. 
The geometrical similarity is represented by the model scale ml = lM/lO. Where the 
section of the intake chamber is covered, the flow is mainly influenced by friction and 
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turbulence and is characterized by the Reynolds number, which, in model tests, should 
be above a minimum value. 
The Reynolds number is defined by: 
 

v
Dv

Re D ×
=  

 
vD = flow velocity in a characteristic cross-sectional area. 
D = diameter of the characteristic cross sectional, e.g. the pump bell diameter (see 
Figure 1). 
ν = kinematic viscosity. 
 
If the flow in the section under investigation is uncovered (free surface), the Froude law 
has to be fulfilled with first priority. That means, that the ratio of the force of gravity 
and the inertia force in the model have to be identical to those of the full-scale design. 
 
The Froude number is defined by 
 

Dg
v

Fr D
×

=  

 
g = gravitational constant. 
 
For physical reasons, it is not possible, except in the trivial case of model scale 1:1, to 
fulfill the Reynolds and the Froude number at the same time. Because most intake 
chambers are designed as uncovered structures, the Froude numbers between the model 
and the full scale plant should be equal. Nevertheless, Reynolds cannot be neglected. 
 
- 
- 
- 
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