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Flow of Fluids through Granular Beds 

and Packed Columns 

 

            The flow of fluids through beds composed of stationary granular 

particles is a frequent occurrence in the chemical industry and therefore 

expressions are needed to predict pressure drop across beds due to the 

resistance caused by the presence of the particles. 

 

Darcy’s law and permeability 
         The first experimental work on the subject was carried out by 

DARCYin 1830 in Dijon when he examined the rate of flow of water 

from the local fountains through beds of sand of various thicknesses. It 

was shown that the average velocity, as measured over the whole area of 

the bed, was directly proportional to the driving pressure and inversely 

proportional to the thickness of the bed. This relation, often termed 

Darcy’s law, has subsequently been confirmed by a number of workers 

and can be written as follows: 

 
The linear relation between the rate of flow and the pressure difference 

leads one to suppose that the flow was streamline, because the Reynolds 

number for the flow through the pore spaces in a granular material is low, 

since both the velocity of the fluid and the width of the channels are 

normally small. The resistance to flow then arises mainly from viscous 

drag. Equation 4.1 can then be expressed as: 

 
where μ is the viscosity of the fluid and B is termed the permeability 

coefficient for the bed, and depends only on the properties of the bed. 

 

Specific surface and voidage 
         The general structure of a bed of particles can often be characterised 

by the specific surface area of the bed SB and the fractional voidage of the 

bed e. 
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SB is the surface area presented to the fluid per unit volume of bed when 

the particles are packed in a bed. Its units are (length)
−1

. 

e is the fraction of the volume of the bed not occupied by solid material 

and is termed the fractional voidage, or porosity. It is dimensionless.  

Thus the fractional volume of the bed occupied by solid material is (1 − 

e). 

S is the specific surface area of the particles and is the surface area of a 

particle divided by its volume. Its units are again (length)
−1

. For a sphere, 

for example: 

 

 
 

Streamline flow—Carman–Kozeny equation 
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Streamline and turbulent flow 
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Dependence of K__ on bed structure 

 

 
K0 is equal to 2.0, and for streamline flow through a rectangle where the 

ratio of the lengths of the sides is 10 : 1, K0 = 2.65. 
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Equations 4.9 and 4.16, which involve e/SB as a measure of the effective 

pore diameter, are developed from a relatively sound theoretical basis and 

are recommended for beds of small particles when they are nearly 

spherical in shape. The correction factor for wall effects, given by 

equation 4.23, should be included where appropriate. With larger 

particles which will frequently be far from spherical in shape, the 

correlations are not so reliable. As shown in Figure 4.1, deviations can 

occur for rings at higher values of Re1. Efforts to correct for non-

sphericity, though frequently useful, are not universally effective, and in 

such cases it will often be more rewarding to use correlations, such as 

equation 4.19, which are based on experimental data for large packings.
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PACKED COLUMNS 
packed towers are used for bringing two phases in contact with one another 

and there will be strong interaction between the fluids. Normally one of the 

fluids will preferentially wet the packing and will flow as a film over its 

surface; the second fluid then passes through the remaining volume of the 

column. With gas (or vapour)–liquid systems, the liquid will normally be the 

wetting fluid and the gas or vapour will rise through the column making close 

contact with the down-flowing liquid and having little direct contact with the 

packing elements. An example of the liquid–gas system is an absorption 

process where a soluble gas is scrubbed from a mixture of gases by means of a 

liquid, as shown in Figure below  In a packed column used for distillation, the 

more volatile component  
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of, say, a binary mixture is progressively transferred to the vapour phase and 

the less volatile condenses out in the liquid. Packed columns have also been 

used extensively for liquid–liquid extraction processes where a solute is 

transferred from one solvent to another.  

In order to obtain a good rate of transfer per unit volume of the tower, a 

packing is selected which will promote a high interfacial area between the two 

phases and a high degree of turbulence in the fluids. Usually increased area and 

turbulence are achieved at the expense of increased capital cost and/or pressure 

drop, and a balance must be made between these factors when arriving at an 

economic design. 
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The packing 

The packing should be of as uniform size as possible so as to produce a 

bed of uniform characteristics with a desired voidage. The most 

commonly used packings are Raschig rings, Pall rings, Lessing rings, and 

Berl saddles. Newer packings include Nutter rings, Intalox and Intalox 

metal saddles, Hy-Pak, and Mini rings and, because of their high 

performance characteristics and low pressure drop, these packings now 

account for a large share of the market. Commonly used packing 

elements are illustrated in Figure 4.13. Most of these packings are 

available in a widenrange of materials such as ceramics, metals, glass, 

plastics, carbon, and sometimes rubber. Ceramic packings are resistant to 

corrosion and comparatively cheap, but are heavy and may require a 

stronger packing support and foundations. The smaller metal rings are 

also available made from wire mesh, and these give much-improved 
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transfer characteristics in small columns. 
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Fluid flow in packed columns 

In the majority of cases the gas flow is turbulent and the general form of 

the relation between the drop in pressure ΔP and the volumetric gas 

flowrate per unit area of column uG is shown on curve A of Figure 4.16.  
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