
Flow through Granular Bed & 
Packed Columns



Introduction 

• The presence of solid particles in a bed or a
column will cause a pressure drop when the
fluid passes through it.

• Examples: Dryers used solid material, Gas
absorption columns using different types of
packing, Sand filters.

• Formulating the pressure drop in terms of the
controlling properties and parameters will lead
to an important design formula.



Introduction 
Finding the pressure drop through a bed is 
also a one method used to measure the 
surface area and the particle size of a powder 
material as mentioned in the beginning of 
the course.

This is called Permeability 
cell technique for 

measuring the particle 
size of a powder material  



Flow of a single fluid through a 
granular bed

l

v

Packed bed 



Darcy’s Law and Permeability
• Darcy observed that the flow of water through a 

packed bed of sand was governed by the relationship:

Where
-p : pressure drop across the bed

l : bed depth
u : superficial velocity= fluid volumetric flow                 

rate/cross sectional area, (1/A) (dv/dt)           
A : cross sectional area of the bed.
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where
K : proportionality constant that        

depends on the properties of bed and 
fluid = B/.

B : permeability coeff. of the bed ‘depends 
on the properties of solid particles’.

 : viscosity of the fluid.



Specific surface and voidage

(i) specific surface area of the bed, SB 

‘surface area of the bed which is available to
hold the fluid per unit volume of the bed’
m2/m3 or [length]-1.

(ii) fractional voidage of the bed, e ’fraction
of volume of bed that not occupied by solid
material’. (1-e) represents the fraction of bed
volume that occupied by solid material.



Notes
• S : sp. Surface area of particles. For a sphere; 

S=6/d

• S  SB ‘due to voidage, e’

• SB = S(1-e)

• As e is increased, flow through the bed becomes
easier and so the permeability coefficient B
increases.

• If the particles are randomly packed, then e
should be approximately constant throughout
the bed and the resistance to flow is the same in
all directions.



Table 4.1 shows the properties of beds (S, e, B) of 
some common regular-shaped materials. 

See also the text





Raschig rings

Raschig rings are

pieces of tube

(approximately equal in

length and diameter)

used in large numbers

as a packed bed within

columns for distillations

and other chemical

engineering processes

http://en.wikipedia.org/wiki/File:RaschigRings005.JPG
http://en.wikipedia.org/wiki/Packed_bed
http://en.wikipedia.org/wiki/Packed_bed
http://en.wikipedia.org/wiki/Packed_bed
http://en.wikipedia.org/wiki/Distillation_column
http://en.wikipedia.org/wiki/Chemical_engineering
http://en.wikipedia.org/wiki/Chemical_engineering
http://en.wikipedia.org/wiki/Chemical_engineering


Structured packing

Structured packing

refers to a range of 

specially designed 

materials for use in 

absorption, distillation 

columns , chemical 

reactors and cooling 

towers.

http://en.wikipedia.org/wiki/File:Riempimento_strutturato.jpg


Pall rings



Saddles 



General expressions for flow through 
Beds 

• The flow of fluid through a bed can be
analyzed in terms of the fluid flow through
tubes.

• Streamline flow

Start with the Hagen-Poiseuille equation for
laminar flow through a circular tube
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• But in case of a packed bed, the free space
can be assumed to form of a series of
tortuous (twist) channels. Therefore, the
previous eq. can be modified as follows:
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Where
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Since the equivalent  diameter = flow 

area/wetted perimeter

For a packed bed; flow area = e A
Wetted perimeter = surface area of bed/l

= SBAl/l = SBA
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average velocity, u1 = u / e

and,     
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Equation (3) becomes

This equation is called Carman-Kozeny 

equation.

The constant     depends on  porosity, 

particle shape and other factors. 

In general,        = 5.0 .
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Compare Carman-Kozeny equation with 

Darcy equation, you can deduce that
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Note 2

For spherical particle S = 6/d



Note3

For non-spherical particle, the surface mean 
diameter, ds , can be substituted instead of d 
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where    (l ‘/l) is the tortuosity and is a measure of the fluid path length 

through the bed compared with the actual depth of the bed, 

K”o is a factor which depends on the shape of the cross-
section of a channel through which fluid is passing.



Table A Comparison between packed bed & packed 
column 

Packed bed Packed column

Single flow through bed Usually, two flows(liquid 

+gas)

Size of packing: small Size of packing: large

Packing element:

usually solid

Packing element:

usually hollow with

large internal surface 

area and small pressure 

gradient.

Regime of flow: 

Laminar

Regime of flow:   

Turbulent



Types of Packing

1. Particulate: dumped or stacked 

Raschig Rings, Lessing rings, Berl 

Saddles, Stoneware, Porcelain, 

Carbon, Metal.

2. Grid Packings: wood, metal, carbon, 

plastic.

3. Wire-Mesh & Knit-mesh packing

‘ See the Text for details’







Multi knit mesh columns 
packing

Stainless steel knitted wire mesh 

packing





Metal, Ceramic and carbon Raschig and Lessing 
rings



Plastic, Ceramic and metal Pall rings



Ceramic Intalox Berl Saddles and Intalox Metal 



Design Data For Various Packings





Flow Through Packed Towers
Gas flow through packed tower in presence of liquid flow



(P/l)gas

UG superficial gas velocity  1m/s
l  bed height

L mass flow rate of liquid ‘L liquid 

mass velocity’

In general, L1 kg/s.m2tower

n
GU





Types of towers 



• Irrigated tower  L>0.0

To obtain pressure drop use the following Eq.

(-Pi) = (1 + k L/dn) Pd  

For details see the text and the Perry







Pressure drops in wet packing (logarithmic axes)

See the text for 
details

X  means loading 

point

Y  means flooding 

Point



Flooding Rates in Packed columns

Fig 4.17



Generalized pressure drop correlation Fig 4.18



Notes over fig 4.18

• Most of the data on which it is based are obtained for cases
where the liquid is water and the correction factor
[(μL/μw)/(ρw/ρL)]

0.1, in which μw and ρw refer to water at 293 K,
is introduced to enable it to be used for other liquids.

• The packing factor F which is employed in the correlation is a
modification of the specific surface of the packing which is
used in Figure 4.17.

• In practice, a pressure drop is selected for a given duty and
use is made of the correlation to determine the gas flow rate
per unit area G, from which the tower diameter may be
calculated for the required flows.


