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Exponential functional rigorous method for calculation of the number of
theoretical plates in distillation column
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» The exponential functional rigosous ,ncmml for thearetical plates number is wupo\cd
= The number of theoresical plates can b i

» The physical significances of the mndd )m meters
» The model sceus racy agree: i

ARTICLE INFO ABSTRACT

An exponential functional tigorous ealeulation (EFRC) method For calculation of the number of
theoretical plares in distillation column with the ideal system is propesed. In this method, the complex
Received in revised form nan-liner function describing the relation hetween the liguid tnlnmmlnnt of arhitrary twa
21 Juns 2012 theoretical plates is converted inte the expenential function. For the sake of the linearization feature
2‘.5‘....:.2 Pt of the exponential function (n logarithmic coordinates, the number of theor
and gas or I|r||1|:IH>cnr|m iom of any theoretical plate can be obtained without x(epwl'ﬂ‘n\all‘ to-plate

eynwerds cale wave the elficiency accuracy of dist design.
" an And the new model is easi wed than Lewis method or Smoker method. The physical
nces of the parameters in the EFRC madel are analyzed considering the effects of the reflux
ity and feed phase ¢ I i conditions. The new
3 and is generalized from binary ideal system to

e 202

o
Phase equil
Mathe
Design

Musilber of theoretical phy Ncﬂwcl €an M applied t distillation d

Exponential functional rigaraus calculatisn multiple one, The EFRC method has been validated, The results indicate that the accuracy of the new

methad method agrees well with that of the plate-to-plate calculations, and is better than that of Gilliland
= 2012 Els Lid. All

1. Introduct; methed and the analytical method (Pradeep, 1985). Hence, it is

quite laborious and time-consuming for the plate-to-plate caleu-
lations. where the gas/liquid compositions of each plate should be
calculated stepwise from top 1 bottom, McCabe-Thiele method

Distillation eparations for mixtures
in modemn chemical process industries (Kunesh et al, 1995

Onr-lime Access via: www.elseviercomAocate/ces

It plays an imreplaceable role in the pretreatment of the feed
and the separation of the production and intermediate produc-
tion. I s an essential assignment to determine the number of
theoretical plates, Ny, in a distillation column for a given separa-
tion. The conventional metheds carrying out such calculations can
be classified into two categories: rigorous calculation and shortcut
one (Seader and Henley, 1998).The rigorous calculations include:
the plate-to-plate caleulation method, the graphical caleulation

wtlor, Tel.: +86 10 89733288, fax: B6 1089734159
Eomal oddress: wsupereup.edu.cn (¥. Liu)

ter & 2012 Elsevier Lid, All rights reseroed
16cos 201206062

(1925} is a classic graphical methad, which has the same principle
as the plate-to-plate calculations. Furthermore, the boundary
value method (Doherty and Malone. 2001) i3 3 geometric
one for mixtures with more than tweo components. [t used as a
triangular diagram to represent the compesitions, which makes it
mare suitable for ternary mixtures because of its visualization,
The analytical method is an algebraic one. represented by
Lewis method (1922) and Smoker method (1938 In Lewis
method {1922), assuming that the liquid composition varies
continuously along the height inside the tower, the number of
theoretical plates were obtained by calculating the liquid compo-
sition of arbitrary two adjacent theoretical plates. It was derived
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method and higher than that of the Gilliland correlation,

ABSTRACT: An exponential function shorteut caleulation (EFSC) method is proposed for the estimation of the number of
theoretical plates, Ny, in distillation units, We set up the new concept of the thermal state equation, fline equation, and define
the cut ratio of the 4 line, 4, as an independent variable to interpret the stage separating capacity. The EFSC model is established
on the basic data of Ny calculated by the previously presented expanential function rigarous calculation (EFRC) method. The
data sources of the EFSC method are much greater than those of the Gilliland correlation. The curves of the EFSC model go
through the poiats (X =0, ¥ = 1) and (X = 1, ¥ = 0), whose physical significance fully coincides with the characteristics of R ~
Ny Validation of the EFSC method indicates that its accuracy is close to that of the plate-to-plate calculations and the EFRC

1. INTRODUCTION

Distillation has been the widely used separation technique in
bulk refinery and chemical industries. It is unlikely that
distillation will be replaced by 3 ation processes.’
Shortcut methods are commonly used for calculating the
number of theoretical plates in a distillation column, in addition
s approaches, such as plate-to-plate caleulations and
graphical’ and analytical methods.* They are applicable when
estimating the number of theoretical plates and determining the
optimurm reflux ratio,” especially 1o serve a5 good initial guesses
in the rigorous calculation of proy simulation.  Shortcut
procedures provide an easy way of understanding the global
behaviors of complex systems. 1t is not necessary for a shorteut
model to solve systems of stiff differential equations.
Accordingly, shortcut methods are more convenient and robust
than rigorous methods, thus allowing the evaluation of

ernative sej

Published by the Iternatives without the req of a full specification
Althaugh computers have made it possible ta solve large-scale
American Chemical Society models in a reasanable amount of time, shorteut models are

necessary to derive global properties, such as feasible regions of
operation, which are critical for iteration design, optimization,
optimal control, and synthesis problems.” Therefore, shorteut
methods are the best method for screening the scheme from a
Chemical Engineerir \ large number of alternatives in a short time.

The Fenske—Underwood—Gilliland method ™ {Gilliland
method for short) is the most common shorteut approach,
which has been widely used by the typical commercial process
simulation software, such as Aspen plus and Pro/11, ete. In this
method, Gilliland” made a great contribution to characterizing
the relationship between the number of theoretical plates, Ny,
and the reflux eatio, R. He investigated 61 industrial design data
points in realistic evaluation and plotted the X ~ ¥ diagram
with X = R+ 1)and ¥ AN+ 1),

for Applied Chemistry and

2018 Amencan Chamical Society

ACS Pub|ica’[\'OﬂS WWW.acs.0rg - ACS Publicatia

3 Most Trusted. Most Cited. Most Read.

minimum reflux ratio, was determined by the Underwood
equation.” Subsequently, Liddle,"” Van Winkle and Todd,"
Hohmann and Lockhart,'> Molokanov et al,' and Eduljee,"
brought forward the correlations of X ~ ¥ based on a Gilliland
diagram. Those given by Molokanov et al.'" and Eduljes'* are
the more popular equation forms, Additionally, Zuiderweg,"
Salomaone et al,"® and Lotter and Diwekar'” used the Gilliland
method for calculating batch distillations. Hengstebeck'® and
Liu et al.” developed the Gilliland methed for separating the
homageneaus azeotropic mixtures

Moreover, Winn™ proposed another method for the
calculation of N, The vapor-liquid equilibrium constant,
K, was introduced in the equilibrium equation instead of the

relative volatility, er. In this method, a linear relation is shown
between K and temperature at a fixed pressure. Thus, the
parameters of this equation are constants for a given system,
which would not vary with temperature. The Winn method
seems more robust than the Fenske equation where o is
dependent on temperature. Therefore, Aspen plus adopts the
Winn method for caleulating Ny, instead of ;g\u Fenske
equation. In addition, Levy et al*! and Bausa et al. ™ proposed
the boundary value method and the rectification body method,
respectively, for determining R, The two approaches have
Toth improved the Underwood models” by combining with the
detailed heat-integration models, where a triangular diagram is
used to represent the compositions. Therefore, they can be
used for lization of nonideal multic systems,
The finite element difference approach™ wag also applied for
the plate-to-plate calculations. It transformed a nonlinear
difference equation into a linear one with the introduction of
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