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PACKED COLUMNS 

 
 
Choice of plates or packing 
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 Note: Page 1 

 HETP is height equivalent of a theoretical plate. 

 4- about heat evolution, Cooling is easier in a plate column. 

 5- about fouling, for a big diameter use plate and for a small diameter use packed bed. 

 Small size packing provides high surface area. 

 
 

 

 
 

Types of packing 

 
– Provide a large surface area: a high interfacial area between the gas and liquid. 

– Have an open structure: low resistance to gas flow. 

– Promote uniform liquid distribution on the packing surface. 
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– Promote uniform vapor gas flow across the column cross-section. 

 

 
1. Rashing ring 

                                         
2. Pall ring 
 

 
 

 

 

3. Saddle 

 

 
 

            Berl saddle rings                Intalokx saddle rings 
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Packed-bed height for absorption   

For packed absorption and stripping columns where the concentration of the solute is 

small, say less than 10 per cent, the flow of gas and liquid will be essentially constant 

throughout the column, and the height of packing required, Z, is given by: 

 

Note: Absorption is transfer from gas phase to liquid phase. 
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1-Solute concentration y1 is higher than ye. Then solute may be transfer to the liquid 

phase until it reaches equilibrium (Y1 ˃ Ye). 

2-Solute concentration in the liquid phase is less than equilibrium. Then solute 

concentration may be increased until it reaches equilibrium (Xe ˃ X). 

3- X1 ˃ X2. 

4-Stripping is transfer from liquid phase to liquid phase. 

 

 

 
 

 

----------(1) 

 

---------------(2) 

 

  

in terms of the overall liquid-phase mass-transfer coefficient KL and the liquid 

composition, 
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----(3) 

- ------(4) 

 

 

 

 

---------------(5) 

 
 GΔY = LΔX 

 ΔY/ΔX = L/G 
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     --------(8) 

------(9) 

 

where m is the slope of the equilibrium line and Lm/Gm the slope of the operating line.  

The number of transfer units is obtained by graphical or numerical integration 

Special cases: 

 

 

------(10) 

----(11) 

 

 

----(12) 

 

 

 

It can be seen from Figure 11.40 that the number of stages required for a given 

separation is very dependent on the flow rate Lm, If the solvent rate is not set by other 

process considerations, Figure 11.40 can be used to make quick estimates of the column 

height at different flow rates to find the most economic value. It is suggested that the 

optimum value for the term mGm/Lm will lie between 0.7 to 0.8. 
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Column diameter (capacity) 

The capacity of a packed column is determined by its cross-sectional area. Normally, 

the column will be designed to operate at the highest economical pressure drop, to 

ensure good liquid and gas distribution. For random packing the pressure drop will not 

normally exceed 80 mm of water per meter of packing height. At this value the gas 

velocity will be about 80 per cent of the flooding velocity. Recommended design 

values, mm water per m packing, are: 

 

 

Absorbers and strippers                                                15 to 50 

Distillation, atmospheric and moderate pressure          40 to 80 

 

 

 

The column cross-sectional area and diameter for the selected pressure drop can be 

determined from the generalized pressure-drop correlation given in Figure 11.44. The 

figure correlates the liquid and vapor flow rates, system physical properties and packing 
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characteristics, with the gas mass flow-rate per unit cross-sectional area; with lines of 

constant pressure drop as a parameter. 

The term K4 on Figure 11.44 is the function: 
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The values of the flow factor FLV given in Figure 11.44 covers the range that will 

generally give satisfactory column performance. 
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Design procedures: 

1-Calculate Y1/Y2 from a given recovery. 

2-Choose optimum ṁGm/Lm. 

3-Evaluate Lm. 

4-Use Figure 11.4 to find NOG at ṁGm/Lm and Y1/Y2. 

5-Choose suitable ΔP. 

6- Calculate FLV. 

7-Find K4 from Figure 11.44. 

8-Calculate percentage flooding. 

9-Calculate VW
* from equation. 

10-Calculate DC from: 

Area = VW/VW
* 

A = π/4(DC)2 

11-Calculate HG, HL and HOG from equation. 

12-Calculate Z from :    Z = NOG.HOG 

 

Note: If there is available data about other packing we may use their information in the 

design of packed absorber. 

Note: Increasing ṁGm/Lm → decreasing Lm → decreasing wetting rate → decreasing 

mass transfer → increasing NOG → increasing no. of stages → increasing Z. 

Note: If a solution is diluted as in the example, consider it as air-water mixture. 
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For design purposes the diameter correction term should be taken as a fixed value of 

2.3 for columns above 0.6 m. 

 

 

 

 

 

 
          round to 11m. 
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Sheet #4 

    Design an absorption column for this duty. 

 

Q.1 

An acetone–air mixture containing 0.015 mole fraction of acetone has the mole fraction 

reduced to 5 per cent of this value by countercurrent absorption with water in a packed 

tower. The gas flow rate G is 1 kg/s of air and the water flow rate entering is 1.6 kg/s. 

For this system, Henry’s law holds and ye = 1.75x, where ye is the mole fraction of 

acetone in the vapor in equilibrium with a mole fraction x in the liquid.  

 

Q.2 

Ammonia is removed from a 10 per cent ammonia–air mixture by scrubbing with water 

in a packed tower, so that 99 per cent of the ammonia is removed. The gas enters at a 

rate of 6000kg/hr at 30°C and 150psig. Diffusivity (NH3 -water) =6.83E-5ft2/hr, 

Diffusivity (NH3 -air) 0.065ft2/hr. 

 

Equilibrium data 

y 0.01 0.02 0.035 0.06 

x 0.04 0.06 0.08 0.1 

 

Q.3 Repeat Q.2 

– For 25mm packing. 

 

– For 97% recovery. 
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    A process stream containing nitrogen and carbon dioxide is to be scrubbed with water 

for CO2 removal. The inlet gas contains 40.6mol/ hr of CO2 and 365.4 mol/hr N2. the 

absorber is to operate at 32oC and 3 atm. Design a suitable absorber for 95% recovery. 

 


