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Distillation Equipment

❖ Columns are built in metal and have
circular cross‐ sections

❖ Trays (stages) are built so that
liquid‐vapor contact occurs

❖ Sieve trays are sheets of metal with
holes punched into them to allow vapor
to pass through



Downcomer and Weir

❖ Liquid flow down from tray above in a
downcomer

❖ Liquid is contacted with vapor as it
flows across the sieve tray

❖ Rising vapor prevents liquid from
dripping downward

❖ Metal weir allows a sufficient liquid
level on each tray

❖ The metal weir acts as a dam to keep
a sufficient level of liquid on the plate
(tray).



External Column Balances

Overall mass balance:

Mass balance on the more
volatile component:
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External Column Energy
Balances

In Condenser: energy is lost from process stream to
utility stream
In Reboiler: energy is supplied from utility stream to
process stream



Points to Consider

■ Enthalpies (hi) is a state function that obeys Gibbs phase
rule [for binary system (C=2), one phase (P=1), then 3
degrees of freedom (F = 3): T, P, and composition].

         F=C-P+2
■ Stream V1 enters the condenser and experiences ONLY a

phase change => composition remains unchanged
(y1=xD=xo)

■ D and Lo are both liquids (total condenser) with same
composition => their enthalpies are also the same (hD =ho)



Stagewise Balances and Relations

■ Overall balance:

■ Species balance (for more
volatile component):

■ Energy balance:

■ Relations

Condens
er

If partial condenser is
used,
it acts as an equilibrium
stage



Rectifying Section:
Stage J Solution

There are:
 6 unknowns (Lj, Vj+1, xj, yj+1, Hj+1, hj)

To find the unknowns, we need:
 6 equations
 Solve the equations to determine the
unknowns

Condens
er

If partial condenser is
used, it acts as an
equilibrium stage



Stripping Section:
Stage f+1 Balances and Relations

■ Feed stage is f; the stage just below
the feed stage is f+1

Overall balance:
Species balance (for more volatile

component):

Energy balance:

Relations:

Reboiler

A partial reboiler acts as an
equilibrium stage



Stripping Section:
Stage f+1 Solution

There are:
 4 knowns
 xB specified
 P specified
 B calculated from external mass balance
 QR calculated from external energy balance
 6 unknowns (Lf, Vf+1, xf, yf+1, Hf+1, hf)
Need: 6 equations
 Solve the equations to
   determine the unknowns

Reboiler

A partial reboiler acts as an
equilibrium stage



Tray Efficiency

■ Overall column efficiency:

■ Murphree vapor efficiency:

■ Murphree liquid efficiency:
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Relationship between Murfree
and Overall Efficiency



Tray Efficiency Versus Vapor
Flow rate
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High vapor
flow rates

Excessive
entrainment

Efficiency
decreases

Low vapor
flow rates

Weeping

Efficiency
decreases

➢ As one lowers vapor flow rate: mass transfer becomes less efficient

➢ Trays with good turndown characteristics have a wide maximum,
so there is little loss in efficiency when vapor velocity decreases



Determination of Efficiency
using Correlations

O’Connell
correlation

(in
cP):

relative volatility of
key components

viscosity at
feed
 composition

Both      and     are
determined
at average T and P of the
column
➢ If      increases then

efficiency decreases (mass
transfer rates are lower)



Minimum Number of Stages
(Fenske's equation)



Column Diameter Calculations

There are several procedures for calculating
column diameter.
The most widely used is the Fair’s procedure:

❖ Determine vapor velocity that will cause flooding
(uflood)

❖ Determine the operating velocity (uop)
❖ Determine column diameter



Flooding Vapor Velocity

in ft/s

capacity factor
(constant)

surface tension (in dynes/
cm)

average liquid density
average vapor density



Determination of the Capacity
Factor

Flow parameter

Mass flow rate of liquid Volumetric flow rate of liquid

Mass flow rate of vapor
Volumetric flow rate of vapor

This correlation is for 6-inch try spacing (see the textbook, pages
371-372, for other tray spacing correlations)



Determination of the Capacity
Factor – Plate Spacing

Plate spacing
is the distance
between the
adjacent trays

This chart will provide conservative estimate for the flooding velocity value



Ratio of Holes Area (Ah) to
Active Area (Aa)



Sieve Tray Spacing

■ Usually selected according to maintenance requirements
because it has little effect on tray efficiency

■ Sieve trays are spaced 6 to 36 inches apart with 12 to 16
inches a common range for smaller (less than 5 feet)
towers.

■ Tray spacing is usually greater in large-diameter columns
■ The minimum tray spacing is 0.4572 m (24-inch)
■ Typical tray spacing 0.6096 m (24-inch) typical to allow

workers to crawl through the column for inspection and
maintenance.



Operating Vapor Velocity and
Column Diameter



Column Diameter



Ratio of Column Diameter at
Top and Bottom

➢ If the calculation is done at different locations, different diameters
     will be obtained
➢ The largest diameter should be used and rounded off to
     the next highest ½-foot increment
➢ Columns with diameters less than 2.5 feet are usually constructed
     as packed columns
➢ If a column with a single diameter is constructed, the efficiencies in
      different parts of the column may vary considerably

For columns operating at or above atmospheric pressure, the
pressure is essentially constant in the column:



Relationship between Murphree Tray
Efficiency and Fractional Entrainment



Entrainment
Correlation



Sieve Tray Layout

Holes on sieve plate have pattern to
ensure even flow of vapor and
liquid on
the tray



Sieve Tray Layout

➢ do ~1/8 to 1 inch
➢ Efficiency is the highest (and it is constant) for do ~1/2 to 1 inch
➢ Holes are 2.5 do ̶  5.0 do apart (take average of 3.8 do)
➢ Distance between the nearest holes to the column shell/inlet

    downcomer is 2  ̶  3 inches
➢  Distance between of the nearest holes to weir (outlet downcomer)

      is 3  ̶  5 inches
➢ Ah is typically 4 to 15% of Acolumn

➢ The ratio of Ah to the active area Aa is typically 6 to 25%
     (10% is a reasonable first guess)



Sieve Tray Layout

Vapor velocity through holes:

Area of holes:

Active area:

Reasonable
first
guess is 0.1

Downcomer area:

lweir: is length of the weir

vo should be above weeping and below flooding points



Sieve Tray Hydraulics - 1



Sieve Tray Hydraulics - 2



Weir Correction Factor (Fweir)



Sieve Tray Hydraulics - 3



Sieve Tray Hydraulics - 4



Condition for Avoiding Weeping



END


