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ABSTRACT: Most design calculations in distillation columns involve a tediously large number of steps, thus
computation in engineering becomes a key step in simplifying this process. At the same time the need for accurate
design in engineering cannot be over emphasized, meaning that the safety of lives and property so much depend on the
accuracy of design calculation, thus, the need for computer packages that will aid the design of distillation columns to
avoid such errors. The objective of this work is to provide an alternative numerical method to calculate minimum reflux
ratio in distillation columns, which is an alternative to the traditional way of using Underwood equations to evaluate
this parameter. The Underwood method also has certain limitations which can be conveniently ignored while using this
method. A model was built in excel to computationally prove the validity of the method; also, Visual Basic (VBA)
tools were used during this process. The reflux ratio in particular is a key parameter in monitoring performance and
controlling product quality in industrial columns. Thus, this article can better help in the design of distillation column
as a whole.
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I. INTRODUCTION

The below paper is an extension of the work done by McCabe WL, Thiele [1] for calculating the number of stages in
distillation Column for a binary component mixture. The objective of this paper is to describe a procedure to calculate
minimum reflux ratio numerically. A model has also successfully been developed to verify the validity of the
procedure. VBA programming has also been used for numerical computation during model verification process. A
flowchart has also been given for detailed understanding of the process.

II. STEPS FOR CALCULATING MINIMUM REFLUX RATIO

Steps for Calculation after plotting McCabe—Thiele [1] diagram:

. Step 1
Compute the slopes and intercepts of Minimum Reflux line and q line and write in the form ax+by+c=0, where -a/b is
the slope and -c/b is the intercept.

. Step 2
Find point of intersection of the lines by solving two equations simultaneously alx+b1y+c1=0, and a2x+b2y+c2=0.
The point (X, y) satisfies both the equations.

bico—bzo;, asci—asca ]
a-bg—a2b1 4 a1|}2—82b-

(x,yv) =1

. Step 3
Tabulate Values of liquid mole fraction x with a selected step size starting from zero to one.
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. Step 4
Calculate the corresponding values of mole fraction of vapor’s with VLE relationship or equilibrium data.

o oy
Y eI T —a)x

. Step 5
Calculate the q line, y values corresponding to the x values calculated in step 1. From the q line equation.

=5 GH)

. Step 6
Calculate the absolute difference of the q line and the equilibrium line y values.

|}’1_}'2|

. Step 7

Locate the minimum value of the absolute difference and locate the corresponding x value.

The x and y values thus found are the point of intersection of the q line and the equilibrium line at minimum at reflux
condition.

. Step 8
Now we need to find the absolute difference of the y values calculated in step 7 and step 2 and find the absolute
difference.

. Step 9

This absolute value calculated in Step 8 is minimized by varying Rmin, which can be done using excel solver or goal
seek by setting the absolute value to zero.

III. FLOW CHART

The procedure for calculating Rmin and model verification involves a series of steps which is represented in a diagram
format. The flowchart also describes McCabe—Thiele [1]method and further proceeds to describe the method of
estimation of minimum Reflux Ratio.
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IV.MODEL VERIFICATION

Model Initiation
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Figure 2 Initiated Values

Equilibrium Diagram
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Figure 3 Graph before Model Execution
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V. CONCLUSION

The described method is numerical method thus is not restricted by assumptions such as constant relative volatility and
constant molal overflow, which is an advantage over traditional methods such as Underwood equations. It also
facilitates easy and accurate computation; thus, it can be used effectively as model block in various Simulation
Software’s like Aspen Hysys, Aspen Plus, CHEMCAD, UniSim etc. In addition to the above points, it can be used as a
useful tool in shortcut calculations.

(1]
[2]
(3]

(41

REFERENCES

McCabe WL, Thiele WE. Graphical design of fractional columns. Ind. Eng. Chem. 1925;17:605-611.

Buford D. Smith, William L. Bolles, James R. Fair, McGraw-Hill, 1963, Design of Equilibrium Stage Processes

Wadzani, Samuel &Ufomba, Emmanuel &Okeugo, Chimezie & Nwachukwu, Okwudiba& Christina, Agu-Bruno &Ugwueze,
Ogochukwu&Uchechi, Roland &Ugwueze, Stella &Imoh, Roland. (2016). Computer Aided Design of a Multi-Component Distillation
Column-Using the Fenske-Underwood-Gilliland Short-Cut Method. 24-33. 10.11648/j.5i.5.2016040301.14.

Treybal RE. Mass Transfer Operations, 3 Ed., Chemical Engineering Series. New York:McGraw Hill. 1981.

IJIRSET © 2021 | AnISO 9001:2008 Certified Journal | 15078


http://www.ijirset.com/

INTERNATIONAL
. d ® STANDARD
N ~ SERIAL
<. P
u) SRAER - sl'ef \ NUMBER
IF Scientific Journal Impact Factor Cros - INDIA

Impact Factor:
1.569

INTERNATIONAL JOURNAL
OF INNOVATIVE RESEARCH

IN SCIENCE | ENGINEERING | TECHNOLOGY

[) 9940 572 462 [© 6381907 438 (3 ijirset@qmail.com |

www.ijirset.com



