


Packed Column

A packed bed is a hollow tube, pipe, or other vessel that is

filled with a packing material. Packed columns are used for

distillation, gas absorption, and liquid-liquid extraction.

The gas liquid contact in packed bed column is continuous,

as in a plate column. The liquid flows down the column over   

the packing surface and the gas or vapor, counter-currently 

,up the column ,some gas-absorption column are co-current .











Type of packed column:

• 1. Random Packed Column:

Random packing is packing of specific geometrical

shapes which are dumped into the tower and 

orient themselves randomly. Random packing has 

more risk than structured packing and less ability 

to handle maldistributed liquid.



2. Structured Packed Column :

is crimped layers or corrugated sheets which is 
stacked in the column. Each layer is oriented at 
70° to 90°to the layer below. Structured packed 
offers 30% capacities higher than random packed 
for equal efficiency up to 50% higher at the same 
capacity.



3. Grid Packed Column:

• Is systematically arranged packing use an 
openlattice structure. This device is composed 
of panels that promote mass transfer and 
enhance entrainment removal. They have high 
open area, resulting in high capacity, low 
pressure drop, and high tolerance to fouling.







Fluidization
When a fluid is passed upwards through a bed of particles 

the pressure loss in the fluid due to frictional resistance 

increases with increasing fluid flow. A point is reached 

when the upward drag force exerted by the fluid on the 

particles is equal to the apparent weight of particles in the 

bed. At this point the particles are lifted by the fluid, the 

separation of the particles increases, and the bed becomes 

fluidized.
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Pressure drop :
As the first approximation, the pressure drop at the starto 
fluidization can be determined as fallows. The Force obtained 
from the pressure drop times the cross-sectional area must equal 
the gravitational force exerted by the mass of the particles minus 
the buoyant force of displaced fluid .
For a bed of particles of density ρp, fluidized by a fluid of density 
ρf to form a bed of depth H and voidage ε in a vessel of cross-
sectional area A:-
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Uses for fluidization:
1. Chemical reactors 2. Heat exchange 3. Drying

4. Coating 5. Solidification / granulation 6. Growth of 

particles 7. Adsorption / desorption 8. Others

Behavior of fluidized beds:
1. Lighter objects float on top of the bed, i.e., objects less 

dense than the bulk density of the bed.

2. The surface stays horizontal even in tilted fluidized beds.

3. The solids can flow thru and opening in the vessel just 

likea liquid.

4. The beds have a “static” pressure head due to 

gravity,given by



Minimum fluidizing velocity (Umf)

If a fluid in laminar flow is passed upwards through a static 

packed bed of solid particles , the press. gradient is given by 

kozeny eq.

As the fluid velocity is increased appoint reached when the

viscous frictional and drag forces on the particles in the fluid 

stream . This is the start fluidization and a force

balance gives :

combine eq.s (1) and (2) to give :
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• There may be  some  discrepancy between  the
Calculated and measured minimum velocity for 
fludization . This may be attributable to :
1- Channeling, as a result of which the drag force  

on the bed is reduced .
2- The action of electostatic forces in the case of 

gaseous fluidization .
3- Agglomeration, which is often considerable 

with small particles .
4- Friction between the fluid and walls of the 

containing vessel (it is greats important with 
the beds of small diameter) .   



• Example :

• A spherical solid particles having a size of 0.12 mm 

and  a density of 1000 kg/m3 are  to be fluidized 

using air at 2 atm and 25 0C . The porosity at min. 

fluidizing condition is 0.42 . If the cross – section 

of the empty bed is 0.3 m2 and the bed contains 

300 kg of solid , calculate :

• a) The min. height of the fluidized bed .

• b) The pressure. drop at min. fluidizing conditions .

• c) The min. velocity for fluidization .

Take That: μ air = 1.845* 10-5 kg/m.s





Solution:-





•Free Settling:-

if the particle is at a sufficient distance from the walls 

and from other particles so that its fall is not affected 

by them, ratio of particle diameter to container is less 

than (1/200) or if the particle concentration is less than 

0.2 vol% in solution.

•Hindered Settling:-

Particles are crowded, the settle at lower rate, the 

separation of a dilute slurry or suspension by gravity 

settling into a clear fluid and a slurry of higher solid 

content is called “Sedimentation” .
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Factors affecting zone settling velocity:

1. Suspended solids concentration

2. Depth of settling column (or tank)

3. Stirring ( 0.5 – 2 rpm to prevent “arching”)

4. Temperature

5. Polymer addition ( affects matrix structure)
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Filtration



(1) Incompressible cakes:

The resistance to flow of a given volume of cake is not 

affected either by the pressure difference across the cake or 

by the rate of deposition of material (i.e. constant ε and S).

(2) Compressible cakes:

Increase of the pressure difference or of the rate of 

flow causes the formation of a denser cake with a 

higher resistance. 







Theory of Filtration
It is depend on Carmen-Kozeny Equation:-

K:- Kozeny constant=5   

For Filtration:-

For incompressible cake, ε could taken constant.
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Where:-

V is volume of filtrate passed in time t, A is total cross-

sectional area of filter cake, u is superficial velocity of 

filtrate(m/s), l is cake thickness(m), S is specific surface area 

of particles(m2/ m3), ε is porosity, µ is viscosity of 

filtrate(Pa.s), ∆p is applied pressure difference(N/ m2), ρ is 

fluid density(kg/m3), and ρs is solid density(kg/m3).





Applications of Centrifugation
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Centrifuges Classification








