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Distillation Column Design


Component Type
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1.
Lighter than light key
1

2.
Light Key
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(fixed at, say 0.99)

3.
Distributed components
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4.
Heavy key
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 is given



(fixed at, say 0.01)

5.
Heavier than heavy key
0

where the number of trays Nm is determined by the Fenske equation.

Once these split fractions are calculated, the linear mass balances for the distillation is given by:
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Setting Column Pressures and Temperatures 

The column is completely specified, if we specify

1. 
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2. 
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3. P (or T) at the top of the column

Constraints on P and T are dictated by the cooling water temperature (
[image: image8.wmf]cw

T

) in the condenser and the steam supply temperature (
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) in the reboiler.
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· Column pressure is lower at the top than at the bottom

· More volatile components are higher in concentration at the top

Thus:
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Column pressure is selected so that the following constraints hold:

1. Select condenser pressure so that 
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2. Select condenser pressure so that all bubble point temperatures are below the critical temperature of mixture 
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3. From the bubble point equation, we note that 
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 increases with P and we prefer to choose P above 1 atm. Thus 
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These conditions can be difficult to satisfy when we have non-condensible or non-volatile components in the system.

Solution:

Use partial condenser for non-condensible component.

Use partial reboiler for non-volatile component

Distillation Colums

1. Determine actual number of trays and Reflux ratio:

a) From mass and energy balances, we know
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: Relative volatility
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: Split fraction of light key at the top (
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: Split fraction of heavy key at the bottom (
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b) Calculate the number of trays and the reflux ratios from the following equations:
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Calculate 
[image: image24.wmf]lk

N

, 
[image: image25.wmf]hk

N

, 
[image: image26.wmf]lk

R

 and 
[image: image27.wmf]hk

R


Then the total number of theoretical plates:
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and the reflux ratio is 
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2. Calculate Column Diameter:

From the reflux ratio and the state of the feed, we can calculate flow rates in the distillation column. Based on these flow rates and relationships for flooding velocity, we can then calculate the diameter
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c) The figure above illustrates the flow rates for two different flow conditions

d) To determine the diameter, we design the column to run at 80% of the flooding velocity. At the flooding velocity, the vapor flow rate is so high that no net liquid flow occurs and entrainment begins.

· Calculate dimensionless flow parameter 
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 where 
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 is the liquid/gas mass ratio at the point of consideration

· Calculate capacity parameter 
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 from chart below for a given tray spacing
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· Calculate linear flooding velocity (ft/sec) from
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 are gas and liquid mass densities and 
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 is the liquid surface tension in dynes/cm.

· Calculate area of cross section from
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 is the fraction of area available for vapor flow (0.6 for bubble cap trays and 0.75 for sieve trays)

· Calculate column diameter from
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. If D > 20 ft (6 m), then split the column into 2 columns running in parallel

3. Determine the tray stack height:

The number of actual trays is given by 
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 where the efficiency is assumed to be 80%. Also assuming a 24” tray spacing, the tray stack height is easily calculated. Finally, choose a maximum height of 200 ft (60m). A larger calculated height will require that the column be split into two with liquid and vapor flows running between them.

4. Calculate Heat Duties for Reboiler and Condenser

For a total condenser, we know from the energy balance that 
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 are the total stream enthalpies for the vapor and liquid streams around the condenser. The reboiler duty can be calculated either directly from the vapor flow or from a total energy balance around the column.
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