New Jersey Institute of Technology

Digital Commons @ NJIT

Theses Electronic Theses and Dissertations

8-30-1975

Computer program for binary distillation using the method of
Pochon-Savarit with enthalpy data calculated by Lagrange
interpolation

Joseph J. Rogus
New Jersey Institute of Technology

Follow this and additional works at: https://digitalcommons.njit.edu/theses

6‘ Part of the Chemical Engineering Commons

Recommended Citation

Rogus, Joseph J., "Computer program for binary distillation using the method of Pochon-Savarit with
enthalpy data calculated by Lagrange interpolation” (1975). Theses. 2137.
https://digitalcommons.njit.edu/theses/2137

This Thesis is brought to you for free and open access by the Electronic Theses and Dissertations at Digital
Commons @ NJIT. It has been accepted for inclusion in Theses by an authorized administrator of Digital Commons
@ NJIT. For more information, please contact digitalcommons@njit.edu.


https://digitalcommons.njit.edu/
https://digitalcommons.njit.edu/theses
https://digitalcommons.njit.edu/etd
https://digitalcommons.njit.edu/theses?utm_source=digitalcommons.njit.edu%2Ftheses%2F2137&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/240?utm_source=digitalcommons.njit.edu%2Ftheses%2F2137&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.njit.edu/theses/2137?utm_source=digitalcommons.njit.edu%2Ftheses%2F2137&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@njit.edu

Copyright Warning & Restrictions

The copyright law of the United States (Title 17, United
States Code) governs the making of photocopies or other
reproductions of copyrighted material.

Under certain conditions specified in the law, libraries and
archives are authorized to furnish a photocopy or other
reproduction. One of these specified conditions is that the
photocopy or reproduction is not to be “used for any
purpose other than private study, scholarship, or research.”
If a, user makes a request for, or later uses, a photocopy or
reproduction for purposes in excess of “fair use” that user
may be liable for copyright infringement,

This institution reserves the right to refuse to accept a
copying order if, in its judgment, fulfillment of the order
would involve violation of copyright law.

Please Note: The author retains the copyright while the
New Jersey Institute of Technology reserves the right to
distribute this thesis or dissertation

Printing note: If you do not wish to print this page, then select
“Pages from: first page # to: last page #” on the print dialog screen



The Van Houten library has removed some of the
personal information and all signatures from the
approval page and biographical sketches of theses
and dissertations in order to protect the identity of
NJIT graduates and faculty.



COMPUTER PROGRAM FOR
BINARY DISTILLATION
USING THE METHOD OF POCHON-SAVARIT
WITH ENTHALPY DATA CALCULATED BY LAGRANGE
INTERPOLATION
BY
JOSEPH J. ROGUS

A THESIS
PRESENTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE
OF
«MAéTER OF SCIENCE IN. CHEMICAL ENGINEERING
AT
NEW JERSEY INSfITUTE OF TECHNOLOGY

This thesis is to be used only with due regard to
the rights of the author(s). Bibliographical re-
ferences may be noted, but passages must not be

copied without perm1ss1on of the College and with-

out credit being g1ven in subsequent written or pub-
lished work.

Newark, New Jersey
1975



APPROVAL OF THESIS
BINARY DISTILLATION USING THE METHOD
OF POCHON-SAVARIT WITH ENTHALPY DATA
CALCULATED BY LAGRANGE INTERPOLATION
BY
JOSEPH J. ROGUS
FOR
DEPARTMENT OF CHEMICAL ENGINEERING
NEW JERSEY INSTITUTE OF TECHNOLOGY

BY
FACULTY COMMITTEE

APPROVED:

NEWARK, NEW JERSEY
AUGUST, 1975



ACKNOWLEDGMENTS

I would Tike to express my appreciation to A. Saltzman for his guidancé in
the preparation and implementation of the program. In addition, I would
1ike to thank the personnel at Computer Center of Schering Corporation for
the acesss and use of their computer facilities.

I would like to acknowledge the valuable suggestions given by Dr. John E.
McCormick during the preparation of this thesis. |

Most of all, to my wife KAREN and daughters Kimberly ahd Denise, whose
encouragement and deep understanding provided the most essential inspira-

tion and guidance.

August, 1975 ‘ Joseph J. Rogus



ABSTRACT

This thesis presents a Fortran Computer Program to solve binary distilla-
tion problems. The solution is obtained by the method of Pochon-Savarit
which is based upon graphical use of an enthalpy-concentration diagram.
The enthalpy data in this program is calculated using Lagrange interpola-
tion. This is accomplished by utilizing the Lagrange interpolation to get
values for the enthalpy of the vapor until we find that value which Ties
on the same line as the enthalpy of the liquid from the preceding tray and
its corresponding del point. |

The required input data consist of 1iquid—vabor equilibrium data, heat of
solution data with the reference temperature, the feed rate and tempera- .
ture, the weight fraction of the lighter component in the feed, distillate,
and bottoms, and the reflux ratio. In addition, for each component, the
molecular weight, heat of vaporization, critical temperature, boiling
point and specific heat of the Tiquid and vapor must be specified. The
specific heats must be in terms of a third order polynomial with respect
to temperature. The program output includes the mole fraction, quantity,
and enthalpy of the feed, distillate, and bottoms, the condenser and re-
boiler heat loads, the feed tray location, the number of ideal trays, and
the mole fraction and enthalpy of the vapor and the 1iquid at each tray.
This program enables as many sets of data to be run within one execution

of the program as desired by the user.
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I. INTRODUETION

The solution to binary distillation problems requires obtaining the number
of trays or plates necessary to achieve the desired distillate and bottoms
concentrations for a specific feed. The number of trays is a function of
the feed condition and the specified reflux ratio. The final number of
trays is usually determined by utilizing that reflux value which will mini-
mize the total system cost.

There are several methods available for solving binaryldist111ation prob-
lems. Some of the common methods involve solution to the problem by either
graphical procedures or by the use of analytical equations. The methods of
Pochon-Savarit and McCabe-Theile employ the use of graphical techniques
where as others such as Underwood and Colburn compute the solution analy-
tically.

Each method has advantages and disadvantages associated with it.

The Pochon-Savarit method is the subject of this thesis. Some of the major
advantages of this method over several other methods wi]]lbe discussed
briefly before the detailed procedure is developed.

The McCabe-Theile method requires that the system have equal molal over-
flow. This condition is not necessarily available for all applications.
The Pochon-Savarit does not require this condition and therefore is more
applicable to actual industrial calculations.

The graphical solutions allow less complex equations to be used. Non-
ideal vapor-]iquidtequi]ibrium relationships required for analytical solu-

tions often become very complex and cumbersome. The data required for the



Pochon-Savarit method are more readily available (Appendix I) and does not
require the use of intermediates such as fugacity, K factor or relative
volatility. This method, because of its relative simplicity, as compafed
to some of the more complex methods, readily lends itself to use on some
of the smaller computers available in industry today. ‘

Following the discussion of the theory, two (2) distinct systems will be

solved utilizing the computer program.



IT. DISTILLATION THEORY

The equations developed in the text of this thesis will use the same no-

menclature used in the computer program to facilitate reference.

A. MATERIAL BALANCE CALCULATIONS

1.

OVER-ALL BALANCES

Figure 1 represents a continuous distillation plant. The feed en-
ters the column at a rate of FEED moles per hour and a conéentra-
tion of ZFA. This results in the production of DIST moles per
hour of overhead product with a concentration of XDA and BOT moles
per hour of bottom product with a concentration of XBA. From this

data, we can write two (2) over-all material balances for the sys-

tem.
Total Material Balance:

FEED = DIST + BOT (1)
Component A Balance:

(FEED) (ZFA) = (DIST) (XDA) + (BOT) (XBA) (2)
Providing the values for FEED, ZFA, XDA and XBA are available, which
is the case for our system, one can eliminate DIST from these equa-
tions. The result providés a solution for calculation of BOT.

BOT = (FEED) (XDA-ZFA)/(XDA-XBA) (3)
The value of DIST can now be obtained from Equation 1.

For most industrial applications, we are not so fortunate as to
have the feed given in moles per hour and the mole fractions of

the feed, distillate and bottoms Specified.
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A system is usually specified as follows:
The column is fed at a rate of F pounds per hour with a weight per-
cent of WFA. This results in the production of an overhead product
with weight percent of WDA and of a bottpm product with a weight
percent of WBA.
We must now determine the quantity of the products produced by this
system. | _
We first determine the number of moles of compOnehts A and B, with
molecular weights of MWA and MWB respective]y,'in the feed.

MOLA = (F)(WFA/MWA) (4)

MOLB = (F)(WFB/MAB) (5)
From these, we determine:

* FEED = MOLA + MOLB . (6)

ZFA = MOLA/FEED ,‘ )
- The mole fraction of the distillate and the bottom products are de-
termined by use of Equation (8) and Equation (9) respectively.

XDA = (WDA/MWA)/(WDA/MWA + (1-WDA)/MWB) (8)

XBA

(WBA/MWA) / (WBA/MWA + (1-WBA)/MWB) (9)

With this data, we can now compute BOT and DIST using Equation (3)

and Equation (1).

We must now compute the average molecular weight of the distillate.
MWDAV = 1/(WDA/MWA + (1fNDA)/MWB) (10)

This enables us to compute quantity of distillate, WDIST, in pounds

per hour. S

WDIST = (DIST)(MWDAV) | (11)



The quantity of bottom product produced, WBOT, in pounds per hour
js determined by the total material balance in Equation (12)

WBOT = F - WDIST (12)
NET FLOWS OF EACH SECTION

Now that we have discussed the total system, we consider the flows
in each section of the column.
Consider the upper or enriching section of the column as shown in
Figure 2. DIST represents the difference between the flow rates
of the streams entering and leaving the top of.the column. A bal-
ance around the condenser'yie1ds

DIST = G1 - Lo (13)
Since DIST represents the differénce between the flow rates of va-
por' and liquid anywhere in the enriching section, a total material
balance for this section gives

DIST = Gn+l - Ln (14)
A material balance for component A in the system yields the fo11owf
ing

(DIST) (XDA)

(G1)(YA1)-(Lo)(XAo) (15)
(Gn+1)(YAn+1)-(Ln)(XAn) ~(16)

(DIST)(XDA)

Similarly, for the bottom or stripping section of the column, Fig-

ure-3, the following equations apply

BOT = Lb-Gb = Lm - Gm+l | a7
(BOT)(XBA) = (Lb)(XAb) = (Gb)(YAb) = (Lm)(XAm) - (Gm+1)(YAm+1)
(18)

The subscripts n and m are used to represent a plate in the enrich-
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ing and stripping section respectively.

The feed plate is not included in either section. Since the feed

plate separates the stripping and enriching sections and since the
feed can have any condition from 1iquid below its bubble point to

super-heated vapor, it requires special calculations.
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ENTHALPY CALCULATIONS

OVER-ALL ENTHALPY BALANCE

Suppose we consider the overall enthalpy balances for a,disti]]atibn
plant with negligible heat losses. This system is kepresented in Fig-
ure 4.
We now define the ref1ux.ratio as

REFLX = Lo/DIST 4 | (19)
Consider the condenser, Section A(Figure 4). The total material bal-
‘ance is the same as Equation (13), but now we rewfite it as follows

Gl = DIST + Lo (13a)

Solving for Lo in Equation (19) and substituting that value in Equa-

tion (13a)

Gl = DIST(REFLX + 1) (20)
The enthalpy balance for Section A is

G1(HG1) = QCOND + Lo(HLo) + DIST(HDIST) ' (21)
or |

QCOND =>DIST(REFLX + 1)HG1-REFLX(HLo)-HDIST) (22)

Where QCOND represents the condenser heat load.
To obtain the reboiler heat load, we consider Section B of Figure 4
and employ a complete enthalpy balance for this section to obtain

QBOIL = DIST(HDIST) + BOT(HBOT) + QCOND-FEED(HFEED) (23)
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IIT. METHOD OF POCHON-SAVARIT

As we mentioned previously, this thesis will only consider the case of

negligible heat losses for the distillation plant.

A.

THE ENRICHING SECTION

We will consider the enriching section through Tray n, Section C, Fig-
ure 4. As before, Tray n is any tray in this section. The material
balances are developed in the same manner as those-in Section IIA.
Total material balance from Equation (14)

Gnt+l = Ln + DIST , (24)
For Component A
Equation.(16) DIST(XDA) = Gn+1(Yn+1)-LnXN
The enthalpy balance for this section is

(Gn+1)HGn+1 = (Ln)HLn + QCOND + DIST(HDIST) (25)
If we let HDELD represent the heat removed in the condenser and per-

manently removed with the distillate per mole of distillate, we get

HDELD = 3?2?” + DIST(HDIST) _ conp/DIST + HDIST (26)

and

(Gn+1)HGn+1 - (Ln)HLn = DIST(HDELD) | (27)
Similar to the case of the material balance Equation (13) the left hand
side of Equation (27) represents the difference in f]ow; This time,

the difference is in heat flow. The right hand side of this equation

~as before is cbnsfant for a specific set of conditions. This differ-

ence remains constant in this section of the column, is independent of
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the tray number, and is equal to the quantityvof heat permanently re-
moved at the top of the column with the distillate and at the conden-
-ser. |
The elimination of DIST between Equations (24) and (16) and between
Equations (24) and (27) yields

Ln/Gn+l = XDA-YAn+1l = HDELD-HGn+1 (28)
XDA-XAn HDELD-HLn

Equation (28) repreéents a straight line on the Hxy diagram fhrough
points (HGn+1, YAn+l) at Gn+l, (HLn, XAn) at Ln, énd (HDELD, XDA) at

A DIST. .

Figure 5 represents a Hxy diagram for a total condenser. This is the
only type of condenser considered in these calculations.

For a tota] condenser, the distillate, DIST, and the reflux Lo have
identical coordinates. The saturated vapor from the top Tray Gl, when
totally condensed, has the same composition as DIST and Lo. The Liqgid
L1 Teaving Tray 1 is in equilibrium with the vapor Gl and can be located
by drawing a tie line from Gl to the saturated 1liquid curve.

Since Equation (28) is applicable to all trays in the enriching section,
G2 can be located on the saturated vapor curve by the 1ine drawn from
ADIST to L1. Again, the Liquid L2 is located using a tie line fkom

G2 to the saturated liquid curve. The number of ideal trays, repre- .
sented by the number of tie Tines, may now be determined for this sec-
tion by alternate tie lines and construction lines through ADIST.

For any Tray n, the Ln/Gn+l value is given by the ratio of line lengths

HDELD-Gn+1/HDELD-Ln. Utilizing Equations (24) and (28), we obtain
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Ln/DIST = HDELD-HGn+1 = XDA-YAn+1 | (29)
HGn+1-HLn YAn+1-XAn

If we apply Equation (29) to the top tray, we obtain the external re-
flux ratio, a value which is normally the one specified.

HDELD-HG1  Line HDELD G1  Line HDELD Gl
REFLX = Lo/DIST = HGl1-HLo = Line GllLo = Line G1 DIST (30)

Thus, with the reflux ratio specified, Equation (30) may be used to lo-
cate ADIST on the Hxy diagram. The condenser héat load may now be

calculated from the vaiue of HDELD.
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STRIPPING SECTION

In the stripping section, we will consider Section D of Figure 4. As
we did in the enriching section, we will select a tray, m, and make our
balances around it.
The total material balance is
Equation (17) BOT = Lm<Gm+1l
and for Component A
Equation (18) BOT(XBA) = (Lm)XAm-Gm+1(YAm+1)
The right hand side of Equation (18) represents tHe difference in the
rate of flow of Component A. For a given distillation, the left hand
side of the equation is constant. This difference is therefore inde-
pendent of the tray selected in the stripping section. Similar to the
case in the enriching section, this difference represents the rate of
A removed permanently out of the bottom. We may now write the éntha]py
balance for this section.

(Lm)HLm + QBOIL = (Gm+1)HGm+1 + BOT(HBOT) (31)
We now define HDELB as the net flow of heat out of the stripping sec-
tion per mole of bottom product

~ BOT(HBOT)-QBOIL  HBOT-QBOIL
HDELB = BOT = BOT (32)

and
(Lm)HLm-(Gm+1)HGm+1 = (BOT)HDELB (33)
This difference in heat as was the difference in mass in Equation (18)

is constant for a given distillation and independent of the tray loca-
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tion in the stripping section of the column.
If we now eliminate BOT, similarly to what we did for the enriching

section, between Equations (17) and (18) and between Equations (17) and

(33), we find

YAm+1-XBA  HGm+1-HDELB
Lm/Gm+1l = XAm-XBA = HLm-HDELB (34)

As did Equation (28), Equation (34) represents a straight line on a
Hxy diagram. This straight line is drawn through (HGm+1, YAm+1) at
Gm+1, (HLm, XAm) at Lm, and (HDELB, XBA) ai:t\BOT.f Analogous to the
enriching section Equation (34) applies to all of the trays in the
| stripping section. If we consider the Hxy plot in Figure 6, the line
.from GNp+1 the vapor leaving the reboiler and entering the bottom tray
Np of the tower, to ABOT intersects the enthalpy curve for the satu-
rated Tiquid at LNp, corresponding to the liquid leaving the bottom
tray.

Similar to the enriching section, the number of trays can be determiﬁed
on the Hxy diagram by alternating construction lines from HG(i) to

A BOT and tie lines between HG(i) and HL(i). Each tie line again

representing an ideal stage for this section.
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THE COMPLETE SYSTEM

If we go back to Figure 4 and consider the entire distillation plant,
Section B, we can generate:

Material balances

Equation (1) FEED = DIST + BOT

Equation (2) FEED(ZFA) + DIST(XDA) + BOT(XBA)
and the enthalpy balance

Equation (23) QBOIL = DIST(HDIST) + BOT(HBOT) *+ QCOND-FEED(HFEED)
Utilizing the values of HDELD AND HDELB, defined by Equations (26) and
(32) respectively, in Equation (23) we obtain

FEED(HFEED) = DIST(HDELD) + BOT(HDELB) (35)
The elimination of FEED from the three (3) above equations allows us
to obtain

DIST ZFA-XBA  HFEED-HDELB :
BOT = XDA-ZFA = HDELD-HFEED (36)

Equation (36) represents a straight Tine on the Hxy diagram in Figufe
7. This Tine is through points (HDELD, XDA) at A DIST, (HFEED, ZFA)
at FD, and (HDELB, XBA) at ABOT.

We will call this line the overall operating line for the system.

The feed location shown in Figure 7 represents a feed éondition of
saturated liquid at its bubble point. This is only one case and the
feed cén be represented anywhere from liquid below its bubble point to
super-heated vapor above the saturated-vapor curve.

Now that we have discussed the basic principles for tray detefmination

in each section of the column, we will explain how total number of trays
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for the system is established. (Refer to Figure 8.)

Once we have established the location of FD on Hxy diagram, we deter-
mine the location of A DIST from the reflux ratio utilizing Equation
(30). We then construct the overall operating line through ADIST

and FD. This 1ine establishes point A BOT where it intersects with

XBA (Equation (36)). We now proceed, as discussed in Section IIIA,

to construct a series of alternating tie 1ines and operating lines
through A DIST commencing at point Gl.

This is continued until we find the tfay where the 1iquid concentration,
point K, is less than the abscissa of the intersection of the overall
operating line with the saturated Tiquid curve. This tray establishes
the location for the introduction of the feed. This is a critical point
for if the feed is introduced above or below it, the system will re-
quire additional trays to achieve the separation.

The feed tray separates the enriching section of the column from the
stripping section of the column. When the feed tray is reached, we
must change the construction of our operating lines from &DIST to

& BOT. Line BOT1 represents this switch. We now determine the number
of trays in the stripping section. This is done, as discussed in Sec-
tion IIIB, by a series of tie lines and operating lines starting at
point GB. Thev1ast tray is determined when we find the first tray
where the liquid concentration, point P, is less than or equal to

XBA.

The total number 6f trays required to achieve the separation is the

number of tie lines commencing at point Gl and terminating at point P.
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IV. LAGRANGE INTERPOLATION

The computer program utilizes Lagrange Interpolation for determination of
the enthalpy data required for construction of the operating lines discus-
sed previously. The Lagrange method allows for interpolation for unequally
spaced data.
The Lagrange method lends itself to this type computer calculation, because
it is less complex than other methods available. Other methods utilized for
unequally-spaced arguments, such a determinant fdrm or Aitken's method, re-
quire the setting up of matrices. Since the Lagrange method does not re-
quire matrices, it may be readily used with the smaller computers available
today. ,
" The method ‘of Lagrange states that if we have three (3) sets of unequally
spaced arguments .

(X1, Y1), (X2, Y2), and (X3, Y3)
we can determine for any X its corresponding Y value. This is accomplished

utilizing the following equations

(X-X2) (X-X3)

Al = (x1ox2)(x1-x3) (Y1 | | (37)
(X=X1) (X-X3) |

A2 = (xo-x1) (x2-x3) (Y2) (38)
(X=X1) (X-X2)

A3 = (x3-x1)(x3-xe) (Y3 | (39)

V=AL+ A2+ A3 (40)

Equation (40) represents the solution to the Lagrange interpolation.
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V. PROGRAM DESCRIPTION

The computer program is written to allow as many sets of experimental data
to be run within one execution as desired by the user. The only require-
ment is that the input data follow Appendices I and II. ‘Shou1d any set of
data be read in missing a "Title" card, the program will terminate at that
point with an appropriate error message printing out.

The program is divided into a main program consisting of ihree (3) distinct
sections and five (5) subprograms. Each of these w111‘be discussed briefly.

A. MAIN PROGRAM

1. MATERIAL BALANCE CALCULATIONS

This section utilized the equations developed in Section ITA. The
data returned from this section includes:

1. Mole fraction of the feed

2. Mole fraction of the distillate

Mole fraction of the bottom |

The distillate flow in pounds per hour

(52 B Y

The bottoms flow in pounds per hour

2. ENTHALPY CALCULATIONS

Utilizing equations developed in Section IIB and III, this section
returns the following data:
1. Enthalpy of the feed, BTU/1b-mole

Enthalpy of the distillate, BTU/1b-mole

Entha]ﬁy of the distillate del point ( & DIST), BTU/1b-mole

S w N

Condenser heat load, BTU/hr
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5. Enthalpy of the bottom.product, BTU/1b~mo1e

6. Enthalpy of the bottom del point (A BOT), BTU/1b-mole
7. Reboiler heat load, BTU/hr |

POCHON-SAVARIT CALCULATIONS

The calculations in this section are basically the same as dis-
cussed in Section III. Since all the calculations are done mathe-
maticaly, we are presented with problems that did not exist for a
graphical solution. The values we obtained graphically for
HG(i+1) by construction of the operating from HL(i) to & DIST
must now be determined mathematically. -This is accomplished by
utilizing the Lagrange interpolation to get values of HG until we
find the value on the same line as HL(i) and &DIST. We compare
the slope of the Tine & DIST-HG to‘the slope of the line &ADIST-
HL(i). We consider the slopes équivalent when the dividend of

th

the slope of our i” iterative guess line and our initial guess

Tine is less than 104 or when the increment (YINC) divided by the
guess point (YATS) is less than 104. This same type of check is
used in the stripping section. |

To determine when we change from the enriching section calculation
to stripping section calculations, we again compare slopes. This
time we call for the change when the slope of Tine & DIST-FD is
greater or equal to the slope of line & DIST-HL(1).

The last tray\in the stripping section is reached when the XL(1)

value is léss than or equal to XBA.

Since the guess point (YATS) on our curve range from 1 to .01 (or
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less), a factor df 100 in order of magnitude, the iterative incre-
ment (YINC) is set to YATS/100 at all points along the curve. This
speeds up the calculations in enriching section without detriment
to the calculations in stripping section.
_This portion of the program returns the following:
1. The total number of trays required including the reboiler.
2. The enthalpy and concentration of fhe liquid for each tray.
3. The enthalpy and concentration of the vapor for each tray.
4. The feed tray location. |
SUBPROGRAMS
1. WHERE is a search routine to locate a variable in an ascending or
descepding array.
YLIN is a linear interpolation.
YLAGR 1is the Lagrange interpolation described in Section IV..

. EL is used to calculate the enthalpy of the saturated liquid.

[52 B 7 B A

EV is used to calculate the enthalpy of the saturated vapor.



27

VI. DISCUSSION OF RESULTS

Appendix V contains sample computer program outputs to confirm the validity
of the program. The printout for each system includes the system tilte and
all the input variables as well as all the required output data. Each
printout will be discussed briefly.

SYSTEM I: METHANOL - WATER

To be sure the program would give valid results, an ex&mpie probiem from

Mass-Transfer Operations by Treybal, pages 326-329 was selected for Sys-

tem I. This problem requires the design of a methanol-water distillation
plant. The design parameters for the system are:

The feed to the system will be supplied at a temperature bf 136°F with a |
composition of fifty percent (50%) by weight of methanol at a rate of 5,000
pounds per hour. The system will produce a distillate containing ninety-
five percent (95%) by weight methanol and a bottom product that is 1.0% by
weight methanol. The reflux ratio for the system is 1.029.

A11 of the program calculations agree with text answers with the exception
of the total number of trays required. The text answer is nine (9) trays
including the reboiler and the program requires ten (10) trays including
the reboiler.

This difference occurs in the stripﬁing section. This is confirmed by the
fact that the feed locations for both solutions are the same. The reason
for the additional trqy is believed to be related to the degree of accuracy
of the computer calculation versus that of the graphical solution.

The values for XBA and the liquid concentrations leaving tray 9 and 10 are
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0.00565, 0.006, and 0.001 respectively. Since completion of the program
requires that the liquid concentration be less than or equal to XBA, ten
(10) trays are required. If this were solved graphically, we would get
nine (9) required trays because the difference between XBA and XA (9) would
not be detected.

" SYSTEM II: ETHANOL - WATER

This system requires the design of a plant for an ethanol - water distilla-
tion. The design parameters for this system include:

A feed to the system of a temperature of 177°F, with a'composition of fifty-
two percent (52%) by weight ethanol and a rate of 2,000 pounds per hour.

The system is to produce a distillate with a concentration of ninety-one
percent (91%).ethano1 and a bottom product composed of four percent (4%) by
weight ethanol. The reflux ratio is specified at 3.00. The system re- |
quires ten (10) trays with the feed tray at stage 8. The system indicates
we are getting very little separation in the enriching section per tray -
compared to that of the stripping section. This appears to be because of

the'azeotrope that occurs 10.57 mole percent ethanol.

These results are very similar to those obtained by direct graphical
methods, but there is a great savings in time and Tabor with an increase
in accuracy when utilizing this program. Essentially, this method evalu-
ates only the necessary points on the HXY curves, thus a total picture of

the system under study is not required.
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VII. CONCLUSION

This program should be easily and widely used because it utilizes commonly
available real data. Unlike the method of McCabe-Theile, it does not re-
quire equal molal overflow. The application of Lagrangian interpolation
is relatively new with respect to machine solution of stage-to-stage cal-
culations in chemical engineering. This procedure can easily be extended
to solution of extraction problems expressed in a manner similar to that of
‘the Pochon-Savarit method. This method is particularly useful because it
can be used with unequally spaced data such as normally found or developed

in a laboratory.



APPENDIX I

REQUIRED INPUT DATA



APPENDIX- I

REQUIRED INPUT DATA

[o) TENNN ¢ : BRI = SN 0% ]

10.
11.
12.
13.
14.
15.

Equilibrium Data*

Mole fraction of A in 1iquid
Mole fraction of A in vapor
Liquid temperature for XA
Vapor temperature for YA
Heat of solution

Reference temperature for HSA
Molecular weight of A
Molecular weight of B

Heat of vaporization at nor-
mal boiling point, for A
Heat of vaporization at nor-
mal boiling point, for B
Critical temperature of A
Critical temperature of B
Boiling point of A

Boiling point of B

Specific heat of A

Specific heat of B

-Feed rate

Weight fraction of A in feed

SYMBOL -

UNITS

LAMAL

LAMB1

TCA

- TCB

BPA
BPB
CPA**
CPB**

WFA

Kilojoule/g-mole
°F

1b/1b-mole
1b/1b-mole

cal/g-mole

cal/g-mole

BTU/1b °F
BUT/1b °F
1bs/hour

30

SOURCE
5

o o 00

O

Kk

sk



16.
17.

18.
19.

31

_ SYMBOL UNITS SOURCE
Weight fraction of A in WDA - Kk
distillate | |
Weight fraction of A in bot- WBA - ‘ dokk
toms
Temperature of the feed TF Op A kK
Reflux ratio REFLX | - Fedek

*The equilibrium data and heats of solution used for these programs were

obtained from the curves in Appendix III to facilitate the input data

**Since the specific heat is a function of temperature, the values for the
Tiquids and vapor of each component are calculated for each temperature.
The equations for these calculations are on the order of

R

CP=A+ B TEMP + C TEMP
This common form enables us to read in to the program only the coeffi-
cients A, B, C, D for the Tliquid and vapor calculations of each com-

ponent for a given set of calculations.

***The terms are specified for a given distillation problem.
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APPENDIX. 11
INPUT DATA SHEET

CARD COLUMN
NUMBER ~ INPUT : . NUMBER
1 Title Card
Titlebb 1-8
Any user title for experiment ) S 9-80
2-21 Table values for equilibrium data and heat$ of

solution; 20 values for each XA(=YA), TL, HSA,
TG
1 card for each set of variables in XA ascending

order (F10.0 format)

XA(=YA) ’ 1-10
TL ' 11-20
HSA | 21-30
TG 31-40
22 Input variables (F10.0 format)
F, WFA, MWA, MWB, WDA, WBA, TF, REFLX 1-80
24-27 Specific heat coefficients (E20.6 format)
24 AEL coefficients for specific of liquid A
-Coefficient of constant 1-20
Coefficient of linear term 21-40
Coefficient of quadratic term 41-60

Coefficient of cubic term 61-80



CARD
NUMBER

25

26

27

INPUT

BEL coefficienté for specific heat of
1iquid B
AEV coefficients for specific heat of
vapor A

BEV coefficients for specific heat of

‘vVapor B

33

COLUMN
NUMBER

(Same as
Card 24)
(Same as
Card 24)
(Same as

Card 24)
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LIQUID - VAPOR EQUILIBRIUM DATA
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HEAT OF SOLUTION DATA
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APPENDIX IV

COMPUTER PROGRAM



»7BE616 JOB (B5a557$+w4a,FFFF, 8420$003,65.8,99. 1)
/751 EXEC FORTHCL.PARM="XREF"

RRFORT PROC MEMBER=GO

HORK

kAR FORTRAN H

soKsK

PROCEDURE T0 COMPILE AND LINK EDIT A FORTRAN SCURCE MODULE
EXEC PGM=FRTH,REGION=258K

{CONTROLP DD DSMN=5%36.CONTROL (IEKARABBY ,DISP=SHR

SGPRINT DD SYSOUT=8

YSLIN DD  DEM=e&L0ADSET.UNIT=5YSSQ.DISP=(MOD.PASS, DELETE).
DCE={RECFM=FB.LRECL=88,BLKSIZE=32088) .

SPACE=(CYL, (1,13, .CONTIG)

YSPRINT DD SvSOUT=R

TEPUNCH ID SYS0UT=B :

YSUTL DD UMIT=S5YySSH.SPACE=(CYL,.(1.1).,.CONTIG)

YSUTZ DD UMIT=5Y550.SPACE=(CYL, (1.1)..CONTIG)

o

<<FORT.SYSIN DD =
ALLOC. FOR BEILG FORT S1
343 ALLOCATED TO COWTROLP
f45 ALLOCATED TO MSGPRINT
245 ALLOCATED TO SYSLIN
43 ALLOCATED TO SYSPRINT
ALl ALLOCATED TO SYSPUNCH
245 ALLOCATED TO SwsUTL
345 ALLOCATED TO SvSUTZ
ﬂH4 ALLOCATED TO SYSIM
STEP LAS EXECUTED - COND CODE 9804

SYSE. COMTROL KEPT

WOL SER MOS= SYSLEZ. .
SYSPS22T.TE7 3405, BFvAan . B616.LOADSET PRSSED .
YOL SE Hﬁﬂ; DISkAL, Ct
SYS?SE_’.TB?34BS.RVBBB.BSIS.R@BBSSBG DELETED

WOL SER MOS= DISKEL. .

SYSYSZ2V . TArZ485,RYAED.B616.RABASSBY . DELETED

YOL SER MOS= DISKA1.
STEP /FOET 7/ STRRT 75227.12193

EXEC PGM=IELL.PARM=(MAP.LIST)  REGION=138K.COND=(4,LT. FORT)

LD LUSERLIB.DISP=SHE
JN LISERLIB.DISP=SHR
DD LFORTLIEB. DISP=5HR
LI LFORTLIE. DISP=SHR

DD DEM=k.FORT.SYSLIN.DISP=(0LD. DELETE)

DD DDMAME=SYSIN

}ED SYSLMOD DD DC"PESEQRCH.MGDLIB(BSIS),DISP=SHR
YSLMOD DD DSH=

G

'ﬂﬂf"

SPACE={CYL. (1.1, 1)..CONTIG)
““PPINT DD SYSOUT=H
IT1 DD  UNIT=SYS5SQ,SPACE={CYL, (1., 1)..CONTIG
ALLOC. FOR B&lR LEKED 51
IEF2271 321 . ALLOCATED TO SYSLIB
IEFZ37T 521 ALLOCATED TO
IEF2E71 343 ALLOCATED TO
IEFZ371 521 ALLOCATED TO
IEF237] 243 ALLOCATED TO SYSLIN
IEF2371 13R ALLOCATED TO SYSLMOD

SET(&MEMBER) ,UMIT=5YSDA.DISP=(MOD.PASS,DELETE) »

40

Joe 8v9 .

AARARA 1A
DDﬁHﬁg?Q

S

als 184
g 118
i 12e
5] 138
Gt 18
5] 158
ar 158
@ae iva
i 1e8
pEona 190

STERP AFORT s STOP  vh2dr.l1z2z2e CPU BMIN B2, 16SEC STOR VIRT EqSKB

BRERa220
6571 SUBSTITUTION J!L - DEM=&&GOSET(GO) .UNIT=SYSDA, DISP=(MOD.PASS.DELETE) .

BEnRBa296a
BEBEE3oae
pREnBE3 18



ALLOCATED TO SYSPRINT
ALLOCATED TO SYSUTI

IEF2371 R42
IEFZ2E7 1 345

IEF1421 - STEP WAS EXECUTED - COND CODE 00880

IEF23851 SYSE.USERLIB

VOL SER MOS= SYSLBL.
SYSe . USERLIB

WOL SER HOS= SYSLBIL.
SYSG.FDRTLIB

YOL SER HOS= SYSLB2.
SYSY FHPTLIE

VHL SER MOS= SYSLEL.

WOL SER MOS= DISK@lL.
RESEARCH.MODLIB .
YoL SER MOS= DSK&ld,

e e e e Ll e R L R R B X}

MOL SER NOS= DISK#AL.
I STEFP ~/LKED 7 START 75227.1228

f EWEC PGM=BEIF

“STEFLIB DD DEM=RESEARCH.MODLIE.DISP=SHR
soFTERFBEAL DD ﬁ:JUUI R

soFTOSFEEL DD %

1B QLLDC FOR BEG616 52

ALLLOCATED TO STEPLIB
ALLOCATED TO FTesFAE1

E ALLOCATED TO FTBSFAA1
CHHPLETIHP CODE - SYSTEM=222 USER=80809
IEFZESI PEbEHP!H MODLIB

51 YOL SER MOS= D"Vﬂ14

IEFZ731 STEP ,52 START v9227. 1221
IEF2741 STEP ~52
IEF37R]  J0OB ~B&16
IEF3rel JOB ~BE16

/7 START F52z27.1219

,»SYS?SEE?.TM’34BS RY0BV.B616.LOADSET

SYS7S227. TA734A5 . RYANA . B616.ROPASI 10

I STEP ~LEED s STOP 7?5227.1221 CPU

/ STOP  75227.1226 CPU
s STOP 7S5227.1226 CPU

41

KEPT
KEPT
KEPT
KEPT
DELETED
KEPT
DELETED

BMIN 28.485EC STOR YIRT 124K

KEPT

BMIN 17,44SEC STOR VIRT 44K
BMIN 28,.8ASEC

=
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LEVEL 21.6 ¢ MaY 72 ) : 0573686 FORTRAN H

COMPILER OPTIONS - NAME=_ MAIN,.OPT=88.LINECNT=62,S1ZE=B886K.
SOURCE.EBCDIC.NOLIST.NODECK.LOARD.MAP.NOEDIT, ID.XREF

C
E B616
C PROGRAM FOR J.ROGUS
E SEE FORMAT 6889 FOR SYSTEM TITLE
c
c
C
E
1SN aen2 DIMENSION TITLE(28),HG1(188),HL1C188)
ISN @Ra3 DIMENSION ¥A(28).TL(28).HSA(28),.YA(28).TG(28) .
ISN BaB4 © EQUIVALENCE (XA, YA)
ISN @8B5 REAL*4 MWA.MUB.LAMAL. LAMB 1. MOLA, MOLE . MWFAY. MWUDAY, MUBRV
ISN @FBs , DATA TITLA"TITL®/
ISN g8a7 ICDMMDH EPMFQ » MWA L MUB . LIDAL WBA, TF, REFLX. TO.LAMA L. LAMB1. TCA. TCB. BPA
ISN ARAg COMMON ~CPAB~ AEL(4).BEL(4). REV(4).BEV(4)
c
g .
c FEAD IN DATA- TITLE CARD SIGNIFIES BREAK BETWEEN EXPS.
C .
C - HP=HO. OF POINTS
ISN §a83 NP =28 _
ISH 6518 1@ READ(S,S08,END=999) TITLE
ISM ARl - IFCTITLECD) JHE.TITLY) GO TO 908
ISH BE13 READS,SB1) (RACIY . TLCD LHSACI) L TGCI), I=1,HP)
ISH BE14 READ(5.5682) F.UFA.MIA.MUB. UIA. WBA . TF.REFLX
ISN B8815 - READ(S,SE2) TO.LAMAL.LAMEL. TCA. TCB.BPA.BPB
ISH BA1E . READ{(S.5@3r AEL.BEL.AEY.EBEY . .
ISN 8817 WRITE(S.EARBY (TITLECI),1=3,15)
1SN A913 WRITE(G.EA8)

(RACTY . TLCDYLHSACTY . TG(IY . I=1,.NP),
FoUFAL MR MWE . WDA. WBA. TF . REFLX .
TO.LAMARL.LAMBL1. TCA. TCB.BPA.BPB

IGN @819 WRITE(E.616) AEL.BEL.AEV.BEVY

MATERIAL BARLAMCE CALCULATIONS

OI D e

aoo

MOLA =F#JF A-MUA

MOLB=F%{1,-LJFA) MJB

FEED=MOLA+MOILE

ZFA=MILA-FEED

WRITEMG.6813 (TITLECID).1=3.15).2FA
MUFAY=F - FEED

*TA = CLDAMUR) ~ CWUDAAMUA+ (L, -LIDAY ~MWB)
WEITE (G, 1 »DA
FLIDAY=1,  (LUDAAMUR+HCL . ~WDAY ZMWB)

FEA = (LBAAMLAY ~ TLBA-MWA+ (L. ~WEBAY ~MUB)
WRITE(E.EHZ) XBA

MUBAY=1. /TLBAA-TLA+C(L, ~WBA) /MWE)
BOT=FEED+{xDA~ZFA) ~ (XDA-XBA)
DIST=FEED-EBQT

WO IST=DIST*MUDAY

WRITE(G.E831)  WDIST

WEOT =BOT *WUBAY

WRITE(S.5832) WBOT




ISN

ISN
15

ISH
ISN
ISN

Bo38

=D
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=0
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43

FEED ENTHALPY CALCS.
XATS=ZFA
CALL WHERE TO FIND WHERE IN TABLE VALUE FITS
WHERE RETURNS THE LAST I VALUE OF THE ARRAY <=THE ARG

[1=+1
CALL LHERE(XA.NP.XATS. 11D

DO LIMERR INTERP. TO GET TLT + HSAT
I=11

S TLT=YLIMUXATS, XACI) S XACI+1) . TL(I) TLCI+1))

12

 HSAT=YLIN(RATS. XACIT)

HSAT=YLINC(XATS, ®ACI1 . XACI+13 , HSACII L HSAR(I+1))
CALL EL TO RETURN ENTHALPY OF LIQUID =HL

CARLL EL (XATS.HSAT, TF.HL?

IFCCTF=-TLTY .GT.8.) GO TO 12

GO TO 15

YATE=CLFA

IT=+1

CALL WHERE(YR.NP.YATS,. 11D

TET=YLIMIYATS-YRC(III.YACII+1)., TG(II) TG(II+1))

CALL EY(YATS.TGT. HGY

HFEED=HG

MOTE DIWISION CAN OCCUR IF TGT=TLT ---- THIS SHOULD NOT OCCUR
gi(%;F~TGT).LT.@.) HFEED = (CHG=HL) #/(TGT=TLTI ) *(TF-TLT) + HL
0 TO 18 ’
HFEED=HL

WRITE(5.684) HFEED

I=1

EMTHALPY CALC. FOR HG!

YATS=XDA

IT=+1

CALL WHEREC(YA.NP.YATS. 11D

DO LINERR INTERP TO GET TGT :
TET=YLINCYRATS, YACI DI LYACT I+ L TGCI D A TGCI I+ )
CALL EY TO RETURN ENTHALPY OF VYAPOR = HG

CALL EV(YATS.TGT.HG)
HG1CIY =HG

CALC. EWTHALPY OF DISTILLATE

??TS;XDR

=+

CALL WHERE (XA.NP.XATS. I
TLT=YLINCKATS . XACIT) . XA
» 2R

Pl
H)—(

N
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ISN 887! CALL ELC(XATS.HSAT. TLT.HLY

ISN A872 HD IST=HL
1SN aa73 . WRITE(R,EB6) HDIST
g ENTHALPY OF DEL PT.
1SN aara HDELD =(REFLX*CHG1 ¢ 1D =HDIST) )+ HE1(I)
1SN BR7S - WRITE (6,6087) HDELD
£ CONTENSER HEAT LOAD
c
ISN 8876 QCOND=(HDELD-HD IST)*DIST
1SN 8877 WRITE(6.608) QCOND
c
C EMTHALEY OF BOTTOMS
c
TSN YATE =XEA
IEN [1=+1
15N CALL WHERE (XA, NP, ¥ATS, 11) , E
15N TLT=YL IN (RATS. XACT 1) »XACTI+1) ,TLCI DY L TLCIT+1))
15H HEAT=YL IN(XATS, XA (I 1) 2 XACTI+1),HSACTI)  HSACIT+1))
1SN CALL EL(XATS.HSAT, TLT.HL)
I5H HEOT =1L
15H . WRITE(H,5618) HBOT
) C EMTHALPY OF BOT. DEL. PT.
c
ISH @Ra6 HUELR=(FEED*HFEED-D IST*HDELD) /BOT
15H @887 WRITE(E,611) HDELB
C .
C ‘REBOILER HEAT LOAD
1SN PRS8 T ' GBROIL=(HBOT-HDELE)*BOT
13N B833 WRITE(G.612) GBOIL
c :
C
1SN BR3A - WRITE(E.6685) 1.HG1C(IY.YATS
- C
C , ‘
C ENTHALPY CALCS. FOR ENRICHING & STRIPPING SECTION BY ITERATIVE TECHNIQUE
C LFLAG=A ZZTENRICHING SECTION
£ LFLAG=2 -~ STRIPPING SECTION
C .
1SN @pgl . LFLAG=0
15N @@a2 YTRY=YATS
1SN BEa3 20 YATS=YTRY
15N BRae 1T=+1
1SN @ CALL WHERE (YA.NP.YATS, 11D
154 A TET=YLINC(YATS, YACID) S YACTI+D, TEOI D, TECTIHD)
1SN @S] 21 TLT=TGT
15H ARSE 11=-1
13N BE39 CALL WHERE(TL.NPLTLT.II)
15N B1m HEAT=YL IMCTLT, TLCI T TLCII+1) L HSACTE) L HSACTI+1))
1SN £1p1 RATS =YL INCTLT. TLCI D) L TLCTT+1) L XACTI) nXACTI+1) )
ISH B1a2 25 COMTINUE
o gl CALL EL (%ATS.HSAT. TLT.HL)
5104 IF(LFLAG.ER.B)  WRITE(E.6851) HL XATS
uN B1BE IF(LFLAG.EQ.2Y UWRITE(6.615 ) I.HL.XATS

HHH
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Covunn ) '
Conunn TEMP IN THIS(MAINY PROGRAM INDICATES TEMPORARY ARGUMENT .....
Covene TEMP IN EL AND EY SUBROUTINES INDICATES TEMPERATURE cesa
C.ovvns .
ISN o188 IF(LFLAG.EQ.2) GO TO 28 :
ISM B118 TEMP=(HDELD-HFEED) #/{XDR-ZFA) - (HDELD-HL) 7 (XDA-XATS)
ISH a111 IF(TEMP.GE.B.3 GO TO &6
1SN 8113 GO TO 28 '
IsH ai14 c 28 IF((=ATS-xBAY.LE.(B.883) GO TO 181
C SEARCH FOR MEXT HG1 PDINT
C
C 38 GET MEXT 2 YA TABLE VALUES < HG1C(I)
ISM @116 Z8 0 35 J=1.19
ISH @117 JI=z8-J
1M pilg IFCYacIIy LE. YATS 3 GO TO 7?
ISH Bi2@ - 35 CONTIHUE
C. JJ=1 IF FaLL. THRU
ISH @121 37 IFCJI.LE.Z)Y JJ=3
ISM 8123 YATI=YA(JI)
ISH B124 YARTZ2=YA(JI-13
ISH 8125 YATI=YA(JI-2)
1SM 8126 TETI=TE (I
I5M @127 TET2=TGE(JII-12
ISH 8128 TETZ=TGELJI-2
I5H B129 CALL ENVOYATI.TGTILHGTL)
ISH A138 CALL EVI(YATZ2-TGT2.HGTZ2)
I5H Bt31 CALL EV(YATI.TETI.HGTS)
ISH 8132 YTRY=YATS ~
15 #8133 YIMC=YTRY-108.
15N @134 SANVE=-1.
ISM 8135 c SAVET=8,
154 BIZE - 45 YTEY=YTRY-YINC
ISN 8137 AMS=YLAGR (YTRY.YAT1.YATZ, YAT3, HGTL . HGT2,.HGT3)
ISH 2128 IFOLFLAG.ED.2) GO TO 46 i
I15M A148 TEMF=(HDELD-HL) #CXDA-XATS) ~ (HDELD=-ANS) /(XDA-YTRY)
ISH Aigl GOTO 47
ISH B142 45 TEMP=(ANS-HDELB) 7 (YTRY~XER)Y - (HL~- HDELB)/(XﬂTa—XBﬂ)
I5H 2143 a7 FHWTIHHE
ISH Bldg IFCSAVYE.LED.-1.  JAND. SAVET.EQ.8.3 SAVET=TEMP
IS B1dE YINTE=YIMC/YTRY
I15H A147 IFCABSCTEMP/SAVETY LLT.1.E~4 ,OR. ABS(YINTR).LT.1. E-4) GO TO 4%
1SN Atd2 IF(zTEMF+LRVE> GT.8.3 6O TO 45
IZH A151 SAVE=TEM
I5H G152 43 YIH‘=—1IFI/2.
I5H B153 GO TO 45
IS 8154 49 I=1+1
IsH A155 HE1C(I)=AMS ; .
ISH 8156 IFCLFLAG.EQ.B)  WRITEC(E,E05 ) I.HGI(D).YTRY
ISN 8158 IFCLFLAG.EG.2) WRITE(A.6151) I.HGIC(I).YTRY
I5H 8188 GO TO 24 : :
(M
ISN AiEl 66 URITE(G.689) 1
ISN 8182 LFLAG=2
ISN @163 GO TO 2B

aoo0n



ISN

1SN
1SN
15N
ISN
ISH

1SN

SR )]
ZZZXZ

bttt et
1]

L0 LT
ZzZ

ISH

ISN
ISN

2164
#2165

PR oo
Pk pok gk ek Pk
=3y
o

8171

a1rv2

EERCHE

P bt ek ek ek
i e s e B B

WO W

=

o
-
-~

DA A A s ik
[N
YO UT D P T W

0 OO 20 O COon

o
.
i
[ex]

[1g9
B158

. BESl FUEHHT('

A ]

[wiglelel

181 LURITE(E.614) 1

GO TO 18

(e lw]

568
5@2
583
SYalals

FORMAT (28A84)
FORMATCAF 18.8)
FORMAT(EF1B.8)
FORMAT. 4E28.6 )
FORMATL 1
1ON=-SAYARTIT METHOD  solciokor” ,
22E%. " ARkl
2 okoksoiok” L o0

4235, 7 otk T.13R4.7

sokneorH "

46

- A7 18X Toiodololole - BINARY DISTILLATION CQLCULQTIDH BY PONCH °
L4

ENTHALPY DATA CALCULATED USING LAGRANGE INTERPOLATION

Nea

T L % e o e e e e e e e e e e e e e e o o e e * 27
. .

668 FORMAT( 8" rrrr

5. " XA=YR",OX. " TL”
fec4drF1g, 3 /) 0/

T F=".F18, “LFA="
UDQ‘ 8.7,5f, LEA="
Sa LHNH1=,,F
18.2.5%. "BPR=

B, "HS

O T Ju O P
-

[ s TL v

||__;n!

o
]

1

.n.—U
2
.
—_

%
{
=
.ﬂ
'U 'ﬂ

//

[ENE LR R
~

1ax,
6A2 FORMAT( 18N,
683 FORMAT( 11
6831 FORMATCL
EE32 FORMAT LAY, "BOTTOMS
A4 FORMAT 18X, "EXNTHALPY
GES FHPMHTf'EENTHHLPY nF
1 * SETALE.ER.TYR=T
ENTHELPY OF LIGUTER
i =" Eld,56.0¥,. "¥A=",.F5.
FORMATC 18, "EHN THHLP‘
FﬂPlHT(l
FORMATCL
FORMATLT "FEED TEA
FORMATC 18X, “"ENTHALPY
FORMAT 1Y, "ENTHALPY
FORMAT (18X, “RFEBOILER
Bl FHPMHTV’ L ToH. T TOTAL

615 FHPMHT(’ EHTHHLPY OF LIGUID

1 E14 r-l .-" \.Q—-’
6151 FUFMHT( EEHTHHLPT aF

1 “LELLLE.SK.TYA=T

616 FDEPHT( arEL LDEFFIF‘IEHTc

1 " BEL COEFFICIENTS

2 © AEY COEFFICIEMTS

3 * BEY COEFFICIENTS

IGLE FEACTION

»
»

OF FEED

5]

[ax}

Y LOCATI

MMM,
o P e DO N

ot e 52 51

HEAT LO
HUMBER

(llle

ERROR
828 LWRITE(6.801)
sa11F0§maT('1',//,'@***** ERROR
* » .

939 STOP

‘qﬁ

JFL1B.3.5%
LF1B.3.5X.7

lﬂ

MOLE FRACTION OF FEED =
aF DIﬁTILLHTE =
MOLE FRACTION OF BOTTOMS =
SDISTILLATE (POUMDS-HOUR)
1Pﬂumpf/rnn¢

YAFPOR EHPICHINb
.FFE ‘

EN

i

OF BOTTOMS =7
OF BOTTOMS DEL POINT =

A
0oF

STRIPPING
LF5.3.7
VHPDR STRIFPIMG SECTION - STAGE ‘.12,

A THTTET

2 TR =

2 A7

SFIR. 3.5, MLJE“ .'FIB.-?JP//I
TF%';FI@ 3.5%."REFLX=",F18,3//
LAMB1=".F168.3.5X, " TCA=",F10.3
2.5, BPB=".F18.3./7)

L3.94.°
SF18,

UT FOR . 13R4.7

o ot ke L i i i A o e ot o i 4 A o et ) o e e T i i i o S s S v s o o O S T " e St o S o S T

TL.Fo. a./)

"LF5.3.
"LFV.S.0

E1d.560

SE14.6.7)

./J

SECTION ~ STAGE *.,I2.

SECTION - STARGE ~.I2.
SE14.6.7)

'T'l n u

LE14,

RICHING

3,7

OF DISTILLATE =’

. “EMTHALFY OF DISTILLATE DEL POINT =~
" COMDENSER HEAT LOAD =7 )

LE14.6.
El4.6.7
PLATE =".13.7
SEl4.6.0
LEl14.6..)
=" E14.6.,)
IDEAL PLATES INCLUDING REBOILER=",

SECTION - STAGE *.IZ.

»4E15.6.7
~AE15. 5.7
JAELS . 5.7
LAE1S5.6.7 717D

- NO TITLE CARD FOR EXPERIMENT ootk



ISN B194

END
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LEVEL
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f083
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BEaas
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Pt}
~
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500 51 (S O 15 O
(00 05 G S 53

48

05,368 FORTRAN H

COMPILER OPTIONS - NAME=  MAIN.OPT=08.LINECNT=62,512E=0808K,

[aedow T uy]

[ R}

SOURCE.EBCDIC.NOLIST. NODECK. LOAD, MAP.NOEDIT. ID.XREF
SUBROUTINE EL (XATS.HSAT.TLT.HL)

EL  CALCS. ENTHALPY OF LIQUID = HL

REQL*Q E%H<MUB,LQMQI,LQMB1,MGLQ,MDLB,MUFHV,MUDQV,MUBHV

REAL* LIAY

COMMON EEMFH,HURpNuB,UDH,wBH.TF,REFLX,TD,LHMQI,LQMBI,TCR,TCB,BPQ,
B

1
CorMod ~CPAB AREL(4) .BEL(4), AEV(4).BEV(4)

DELHS= HERT OF SOL.
DELHS= -238,9%1,8+HSATHHATS

CMAY=XATSHWE + (1, -AQT5)%MMB

TEMP=(TLT+458.)-1.

CFa= HEL(1)+QEL(d)*TEMP+QEL(q)*TEMP**2+QEL(4)*TEMP**3
CPE= EELf1)+BEL(2)*TEMP+BEL(’)*TEMF**&+BEL(4)*TEMP**3
CPM=XATSHCPA + (1.~XATSIXCPB

HL={(CPM#(TLT-TO) %MWAY) + DELHS

EEEUEH



LEVEL

15N

i
=z

49

21.6 ¢ MAY 72 ) 0S-368 FORTRAN H

0e82

R O TR O

5]
&
]
4]
i
ul

B

x

SR
AR
-,
(55 au]

[wlvle

COMPILER OPTIONS =~ NAME=" MAIN.COPT=08,LINECNT=62.S1ZE=RPRAGBK.,

SOURCE.EBCDIC.NOLIST,NODECK. LORD . MAP, FDEDIT.ID XREF
SUBROUTINE EV(YAT .TGT.HG)

EY CALCS. ENTHALPY OF VAPOR =HG

REAL*x4 MuA.MUB.LAMAL.LAMB 1. MOLA.MOLB., MMFRV;MUDHV,MUBQV
REALx4 LAMA2.LAMBZ

COMMON F.UFA.MUA.MLB. NDQ WBA. TF,REFLX.TO.LAMAL.LAMBL. TCA. TCB.BPA,
1 EFB
COMMON ~CPAB~ AREL(4).BEL(4), AEV(4),.BEY(4)

TRAL=(BPA+46A,) - (1, 0%TCAH)
TRE1=(BPE+468.) /(1. 3%TCE)
TRAZ=CTETH4AEE. )~ (1. 8TCA)
TREZ=CTGT+458.) /(1. 8%TCE)

LAMAZ=LAMAL=( (1, -TRAZ)Y /(1. ~TRAL) Yaok, I8 (1, 8-MA)
LAMB2=LAMB1®{ (1, ~-TRE2) ~(1.-TRE! ))*N 38 x(1,8MUB)
TEMP=(TET+468.071.8

| CPQ=QEV€1)+QEV(23*TEMP+QEV(3)*TEMF**2+QEV(4)*TEMP**3

CPE=BEY{ 1) +BEV(ZI*#TEMPYBEY (3 W TEMPHKZHEEY (4) R TEMP K3
HG= YAT O CPARMUAR(TET-TO) + LAMAZRMUA )

1 +(1.-YATIx(  CPEXMWBHCTGT-TO) + LAMBZ®MUB )
EEEURH ‘



LEVEL

ISN

ISN
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0S-368 FORTRAN H

CTOMPILER OPTIONS - NQME= MAIN.OPT=08, L INECNT=62.S1ZE=-0080K.

aep2

gBo3

=
o
[ax
N

RN

T

[y

AP}

— e o e Y
[ENRRNEER KNRN &

LR Rt x|
[ RN R Y R )

[ty

INY
o5 S

]
[xy]
ra
Gl

O O0O0O0 oo

il et 1t i s a
Foee AL O0TT LA N

S8

&8

g’

QURCE.EBCDIC,NOL IST,.NODECK. LOAD.MAP . NOEDIT, 1D, XREF
SUBRUUTINE WHERE (ARRAY.N.ELEM. I

WHERE WILL DETERMINE WHERE IN THE ARRAY ELEM FITS
AND RETURM I OF THE LAST ARRAY ELEMENT <= ELEM.

DIMENSION ARRAY (M)

ARRAY IS5 STRICTLY MONOTONIC INCREASING OR DECREASING
DEPENBING ON I IF I=+1,INCREARSING ~-—-—- IF I=~1,DECRERS

IF{I.LT.8) GO TO S8

DO 18 J=2.N

IF(RRRAY(JY .GT.ELEMY GO TO 20
CONT IHUE

I=H

RETURN

I=J-1

RETUREN

CONTIMUE
Do &8 J=2.N
IFCARRAY (DY LLT.ELEMY GD TO 78
COMTINUE '
I=HM
PETUPN

1=J-1

RETURN

END



LEVEL

1SN
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ISN
ISN

ISH
ISH
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2802

nagz
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ajalats]
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BoE?
2868
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0S-368 FORTRAN H

COMPILER OPTIONS - NAME=" MAIN.OPT=08.L INECNT=62.SIZE=8080K.

SOURCE.EBCDIC,NOL IST.NODECK.LOAD,MAP,NOEDIT. ID. XREF
FUNCTION YLAGR (X, 31, X2.X2.¥1.Y2.Y3)

YLAGR IS A NON-LINEAR LAGRANGE INTERPOLATION FUNCTION

YLAGR WILL RETURN THE Y YALUE ON THE Y1.%2.Y3 SCALE
CORRESPONDING TO THE X VWALUE ON THE X1.x2,x3 SCALE.

(1.E. gé?Eﬁ)PTS. (R1.Y10, (K2, Y23, (X3,¥3) AND X ON THIS CURVE.

Al=(CX=-X20%(K-X3) I 7 ((X1=-K2IH(A1=-X32)) ®x Y
AZ=((R~RK1IM(R-K3) )/ ((R2=K1IH(HX2=%33 ) * Y2
AZ=(X-X1IH(X=K2) )/ ((XB-RK1IR(KI-X2)) % Y3
YLAGR=A1+AZ+A3

RETURN

END



LEVEL

ISN

ISN

ISN
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aan3
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05,368 FORTRAN H

COMPILER OPTIONS - NAME=. MAIN.OPT=08,L INECNT=62,SIZE=00002K,

[elnleleinlie

. SOURCE,EECDIC.NOLIST,NODECK.LOAD.MAP.NOEDIT. ID.XREF
FUNCTION YLINCX, X1.X2,Y1,Y2)

YLIN IS A LINERR INTERPOLATION FUNCTION

YLIN WILL RETURN THE Y WALUE ON THE Y1.Y2 SCALE
CORRESPONDING TO THE ¥ YALUE ON THE XK1.X2 SCALE.

(I.E. GIVEN PT.(X1.Y1),(X2,¥Y2) AND X ON THIS LINE - GET V)
YLIN=(YZ-Y1) /7 (X2-X1) * (X-X1) + Y1

RETURN

END



APPENDIX V

SAMPLE OUTPUTS



etttk BINARY DISTILLATION CALCULATION BY PONCHON-SAVARIT METHOD ook

RA=YA TL
g.a 212.6888
n.858 199,884
@,188 1968.0608
B. 1508 183.8808
g.28a8 179.2068
a.258 175,508
8,306 172.588
A.3508 178,068
., 4aa 167 .088
@, 458 1565.508
A, 50A 163.608
B.550 161.3208
A.c049 158. 188
A.650 158,568
a.vaga 157. 808
A.758 155. 488
A, 8m88 153. 388
8.e5a0 152. 408
0,908 158,868
f,95a 149,580
F= 5SQ000.868 WF
WoA= 8,958
TO= 57 .5688 L
TCB= 47 . 860

ENTS

AEL CCE I
TENTS
I

FF
BEL COEFF
AEY COEFF

COE
BEY COEFF

c
r
C

C

ENTS

I
I
I
ICIENTS

[ I

sorsctok EMTHALPY DATA CALCULATED USING LAGRAMGE INTERPOLATION  Ackrok

sekokek

a=
LBA=
AHAl=
BPA=

SYSTEM 1: COMPONENT f=METHANOL

COMPONENT B=WATER Hokoksksk
HsA TG
7.7A@  212.900
.6.838  289.508
5.8989  287.209
S.114  284.680
4.357  282.0@9
Z.666 193, 188
3.655 195. 468
2.591 193,208
2,218 196, 300
1.895 187.288
1.632 184,800
1,398 181.888
1.137 177.568
1.817 173.688
8.862 178,868
a.715 166,280
f.559 162,008
@.419 158. 4868
B.272 154.588
@8.134 151.988
7.508 Mg = 22,048 MLB = 18.0829
@.818 TF= 136.068 REFLX= 1.629
8438.800 LAMB1= a717.38a TCA= 513.868
148.A88 - EBPFB=  212.980
2 &, -a,
a1 -@ a.
A @, a,
A -g, a.

€S



QUTPUT FODR SYSTEM 1: COMPOMNENT A=METHANOL COMPONENT B=WATER

MOLE FRACTION OF FEED = 8.368
MOLE FRACTION OF DISTILLATE =0.914
MOLE FRACTION OF BOTTOMS =0.88565

DISTILLATE (POUNDSAHOURY = A, 2606
BOTTOMS (POUMDSAHOURY = RA,23393

ENTHALPY OF FEED = 0.996142E+03

ENTHALFY OF DISTILLATE = @.178925E+84

ENTHALPY OF DISTILLATE DEL POINT = @,313272E+85
COMDENSER HEAT LOAD 8.258309E+87

EMTHALPY OF BOTTOMS = B.258734E+84

ENTHALPY OF BOTTOMS DEL POINT = -8.183865E+83
FEBOILER HEAT LOAD = B.277373E+87

ENTHALPY OF “AFOR ENRICHING SECTION - STAGE 1 = B.163R66E+BS YA=0.914
ENTHALPY OF LIGUID ENRICHIMG SECTIOM - STAGE 1 = 8.16B723E+04 ¥A=0.814
ENTHALPY 0OF WAPOR ENRICHING SECTION - STRGE 2 = B8.164380E+85 YA=0.864
ENTHALPY OF LIGUID EMRICHING SECTION - STAGE 2 = B.168173E+24 XA=0.689
ENTHALPY OF WAPOR EMRICHING SECTION - STAGE 2 = A.165214E+05 YA=0,802
ENTHALPY OF LIGUID EMRICHING SECTION - STRGE 3 = 8, 168533E+84 ®A=A.552
ENTHALPY OF WYAPOR ENMRICHING SECTION - STAGE 4 = B, 167422E+05 YA=0,735
ENTHALFY OF LIQUID ENRICHIMG SECTION - STAGE 4 = @A.1629515E+94 - #A=0.412
ENTHRLPY 0OF YAPOR ENMRICHIMG SECTION - STAGE 5 = 0, 169G82E+A5 YA=0.670
EMTHALPY OF LIGJID ENRICHIMG SECTION - STAGE 5 = @, 1733956E+84 #A=8.386
FEED TRAY LOCATION PLATE = 5
ENTHALPY OF VAPDRE STRIFPIMG SECTION - STAGE 6 = @ 1?2365E+ES YA=A.538
ENMTHARLPY OF LIGUID STRIPPING SECTION - STAGE & = @, 187428E+04 XA=a.173
ENTHALPY OF WYAPOR STRIPPING SECTION - STAGE 7 g, 17848 IE+A5 YA=0,384
ENTHRLPY OF LIQUID STRIPPING SECTION - STAGE 7 = 0.,222230E+84 =H=A.0668
EMTHALPY OF WAPOR STRIPPIMG SECTION - STAGE 8 = A, IRZ517E+ES YA=0.113
EMTHALPY OF LIGUID STRIPPING SECTION - STAGE &8 = 8.,248505E+04 HA=0.021
FHTHOI PY NF YARFOR STRIPPTIHG SFFTINN - STARF 9 = A 1ASFESE4AS Ya=R.AZ3

12



EMTHALPY OF LIGQUID

EMTHRLPY OF WAROR
EMTHALPY OF LIGUID

STRIPPING

STRIPPING
STRIPPING

SECTION -

SECTION -
SECTION -~

STAGE

w0

‘STAGE 18

STRGE 18

non

XA=0.806

YA=0.087
XA=0.801

TOTAL NUMBER OF IDEAL PLATES INCLUDING REBOILER= 18

§S



sowiok BINARY DISTILLATION CALCULATION BY PONCHON-SAYARIT METHOD ootk
itk ENTHALPY DATA CALCULATED USING LAGRANGE INTERPOLATION  okolox
dookiok  SYSTEM 2: COMPONENT A=ETHAMOL COMPONENT B=WRATER Aotk

xA=YA TL HSA | TG

a.a 212.880 16.888 212.00868

#.6856 1896. 8889 12.548 £89.588

a.18a 188,608 9.856 287.108

a.158 184, 6688 7,487 284. 580

B.2008 181.684 =.428 282.288

M.,258 18a. 189 2.9r72 199,488

B.2686 175.8688 2.838 186, 588

a.358 178. 488 2,385 133.508

g, 488 177.568 1.28a8 126,288

8.458 175.7806 1.52 18v.008

@.56a 176.8608 1.251 183,508

#.,558 175,264 1.06a4 188,508

g.664a 174,508 @.824 177.808

#.650 174, 6688 B.531 175,868

a.7ae 173.5308 &8.5%48 iv4.448

A.7358 173.258 8.478 1v3.628

8.8688 1¥72.968 a.418 173.038

8,558 172.829 #.289 172.868

&.,280 172.788 B.176 172,768

8,958 iv2.5a8 a.,as88 1v2.588
F= Z880.088 LIFA= 8.528 MJA= 46,058 M.B= 18.928
uDA= 8.918 WeAa= 7.848 TF= 177 .888 REFLX= 3.0090
TO= 22.800 LAMAl= S9z2Z0. 880 LaMBi= 9717,088 TCA= 516.869
TCE= G47 . aen BPA= 173.880 BPE= 212.808
AEL COEFFICIEMTS - A.584351E+88 -0.481584E-83 -0, 531E-RE 8.114372E-07
BEL COEFFICIENTS - A,213974E+81 -8, D6R137E-A2 & IRE-A4 -8, 242133E-87
AREY COEFFICIEMTS - B.131128E-+E8 £,31856RE-082 -8 ISTE-BE  -0.719165E-18
BEV COEFFICIENTS - B.452219E+08 -0, 129224E-03 B.417888E-86 -8.280481E-89

9%



ENTHALPY
ENTHARLPY

ENTHALPY
ENTHALPY

ENTHALPY
ENTHALPY

ENTHALFY
EMTHALPY

EMTHALPY
EMTHALPY

EMTHALPY
EMTHRLPY

EMTHALPY
EMTHALPY

EHTHALPY
EMTHALPY

FRTHAOT PY

DUTPUT FOR SYSTEM 2: COMPONENT A=ETHANOL COMPOMENT B=WATER

OLE FRACTION OF FEED = 8.298
MOLE FRACTION OF DISTILLATE =0.798
MOLE FRACTION OF BOTTOMS =8.81604

9.118345E+84

DISTILLATE (FOUNDS HOURD
8.896551E+83

BOTTOMS (FOUNDS-HOUR)
ENTHALPY OF FEED = 8.312547E+84

ENTHALPY OF DISTILLATE = 8.42735E+34

ENTHALPY OF DISTILLATE DEL POINT = 8.643590E+85
COMDEMSER HEAT LOAD = 8.164125E+87

ENTHALPY OF BDTTDNS = [B.313538E+84

EMTHALPY 0OF BOTTOMS DEL POINT = -B.313332E+85
REBOILER HEAT LOAD = 8. 167337E+G7

OF YAPOR EMRICHING SECTIOM - STAGE 1 = 9.1929?
OF LIGUID EMRICHING SECTION - 5TAGE 1 = 8.42533
OF  YAPOR ENRICHIMG SECTION - STAGE 2 = @.1

OF LIQUID EMRICHING SECTION ~ STAGE 2 = 0.4

CF  VAPOR EHRIEHIQG SECTION - STRGE 3 = @,15291
OF LIGUID EMRICHINMG SECTION - STRGE 3 = B.41653
OF  YAFOR EMRICHING SECTIOM - STAGE 4 = @,19287
OF LIOUID EWRICHIMG SECTION - STRGE 4 = B8.48841
OF YAPOR ENRICHING SECTION — STAGE 5 = B.1922
OF LIOUID ENRICHIMG SECTION - STAGE 5 = 8,3983
OF vAaPOR EWRICHIMG SECTION - STAGE & = 8.19271
OF LIQUID EMRICHING SECTION - STRAGE 6 = @.38251
OF  YAPOR EMRICHING SECTION - STRGE 7 = A

OF LIOUID EMRICHING SECTION - STRGE 7 = @

OF  VRFOR ENRICHIMG SECTION - 5TAGE 8

OF LIGID EMRICHIMG SECTION - STAGE 8 B::qu??E+@4

NeE  wWaPneR STRIPPTING SFRTINN - STARF 9 = A 19187 1E+085

L 192565E+85
L 35A584E+84

o
=
kY
A3
W
[
Is
d

.738
.784 -

.788
763

72
.738

TA7

=0.686

714
.623

672
. 558

=0.613

YA=@.
®A=0.

FEED TRAY LOCATION PLATE

=0.414

514
177

g

LS



ENTHALPY OF LIGUID STRIPPING SECTION — STAGE 9 = @.29517cE+94 =<A=5.0842

. 189898E+A5 ¥A=8.851
|320362E+B4  XA=0.008

"
sy}

ENTHALPY OF WAPOR STRIPPING SECTION - STAGE 1@
EMTHALPY OF LIGQUID STRIPPING SECTIOM - STRGE 18 =

t
&

TOTAL NUMBER OF IDEAL PLATES INCLUDING REBOILER= 18

8§



BOT
BPA

BPB

CPA

CPB

CPM

DELHS

DIST

FEED

Gm

Gn

HBOT

HDELB

HDELD

HDIST
HFEED

59

NOMENCLATURE

bottom product, pounds per hour

natural boiling point of A, OF (A is the more volital
component. )

natural boiling point of B, OF

specific heat of A, BTU/1b-CF

specific heat of B, BTU/1b-°F

specific heat of the mixture of the twd (2) components,
BTU/1b-°F

heat of solution at TO and the prevailing concentration,
BTU/1b-mole

distillate, 1b-mole/hour

feed, 1bs/hour

feed, 1b-moles/hour

vapor flow rate, 1b-moles/hr

vapor flow rate at any tray m in the stripping section,
1b-moles/hr

vapor flow rate at any tray n in the enriching section,
1b-moles/hr

enthalpy of the bottom product, BTU/1b-mole

enthalpy of the bottom del point, BTU/1b-mole

"enthaly of the distillate del point, BTU/1b-mole

enthalpy of the distillate, BTU/1b-mole
enthalpy of the feed, BTU/1b-mole



HG
HG ()
HL

HL (1)
HSA
LAMA

LAMB

Lm
Ln

| MOLA
MOLB
MWA

MWAY
MWB

MWBAV
MWDAV
MWFAV
QBOIL
QCOND
REFLX
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enthalpy of the vapor, BTU/1b-mole

enthalpy of the vapor at tray i, BTU/1b-mole

enthalpy of the Tiquid, BTU/1b-mole | _

enthalpy of the liquid at tray i, BTU/1b-mole

heat of solution, ki]ojou]és/g-mo]e A

latent heat of vaporization of A at its natural boiling
point, ca]/g—mo]e | _
latent heat of vaporization of B at its nétural boiling
point, cal/g-mole.

Tiquid flow rate, 1b-moles/hour

liquid flow rate atrany tray m in the stripping section,
1b-moles/hour

Tiquid flow rate at any tray n in the enriching section,
Tb-moles/hour

1b-moles of A in the feed

1b-moles of B in the feed

molecular weight of A, 1bs/1b-mole

average molecular weight of component mixture, 1bs/1b-mole

molecular weight of B, 1bs/1b-mole

average molecular weight of bottom product, 1bs/1b-mole
average molecular weight of the distillate, 1bs/1b-mole

average molecular weight of the feed, 1bs/1b-mole

" reboiler heat load, BTU/hour

cohdenser heat load, BTU/hour

reflux ratio, 1b-mole reflux/1b-mole distillate
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TCA critical temperature of A, O
TCB critical temperature of B, O
TEMP In main program, it is used as a temporary value used in

the check equations. In the enthalpy calculation, it is

the temperature in the CP calculations, °K

TF : feed temperature, OF

TG v dew point temperature, OF

TL bubble point temperature, F

TR . reduced temperature

WBA weight fraction of A in bottom product
WBOT - bottom product flow, 1bs/hour

WDA ~ weight fraction of A in the distillate
WDIST ' distillate flow, 1bs/hour

WFA weight fraction of A in the feed

XA , mole fraction of A in the liquid

XBA mole fraction of A in the bottom product
XDA mole fraction of A in the distillate
YA mole fraction of A in the vapor

ZFA mole fraction of the feed
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