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FOULING 
 
Heat exchangers used for heating or cooling of fouling liquids, will  
reduce in capacity due to the heat resistance of layers of fouling 
solids which form on the heat transferring surfaces. 
 
 
 
 
 
 
 
This means that such exchangers will  
have to be overdimensioned, to have spare capacity, and that they 
will have to be cleaned after some time to remove the fouling 
layer,  to regain the original capacity. 
 
 
 



To prevend such an operational discontinuity, a Klarex self cleaning 
heat exchanger can be used, in which a fluidized bed of cleaning 
particles prevents the settling of fouling solids on the wall or which 
removes these in an early stage. 



Klarex heat exchangers 
 
- Vertical shell and tube type 

 
- Fluidized cleaning particles inside the tubes 

 
- External circulation of particles through 

downcomer tube 
 

- Storage volume for particles in downcomer 
 

- Distribution system for homogeneous particle 
flow over the parallel tubes 



Typical Klarex configuration 
 
Circulation of cleaning 
particles 



Whirling glass / metal particles change laminar flow 
pattern into turbulent flow 
 
 - this prevents settling of fouling solids 
 - heat transfer enhancement 
 
Light scraping effect along heat transferring surface 
 
 - removing fouling at early stage 
 
 
 
 



Advantages of Klarex system 
 
 
- Smaller heat transferring surface 

required 
 

- Continuous operation possible 
 

- No periodic cleaning costs 



Particles are acting as turbulators   + 
 
Continuous removal of fouling   + / - 
 
Constant heat transfer coefficient   + 
 
Extra pressure drop by particle weight  - 
 
Lower pressure drop by lower velocities / passes + 
 
 



First fluid bed heat exchanger used 
for sea water desalination 







Technical developments of the Klarex type heat 
exchangers: 
 
1)  Stationary bed of fluidized particles 

 - constant flow required 
 

2) Recirculation inside heat exchanger 
 - flow variations allowed 
 

3) Recirculation outside heat exchanger 
 - control of recirculation velocity 
 - control of bed porosity 
 - storage of particles 

Earlier type with internal 
recirculation 



Heating of waste water 



Evaporation of waste water 









Heating of black 
liquor 



Cooling of quench water 









Revamp of reboilers 



Study for revamping 



Evaporation of waste water 

Integrated 
in systems 

 
Integrated  
in systems 

 
 
 
 
 
 
 
 
 
 
 
Evaporation of waste water 



High pressure Steam production from fouled water 

Water 
Feed 

Produced 
steam  
150 bar 

Thermal 
oil 

Flash 
vessel 

Preheaters Heater 

Purge 
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