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Bu makalede yazar tarafından geliştirilen ve yazılan, Çok Kompo- 
nentli Distilasyon Hesaplamaların da başarıyla uygulaması yapılan yeni 
bir FORTRAN IV programı tanıtılacaktır. Söz konusu komputer prog
ramı ile ideal ve ideal olmayan çok komponentli distilasyon hesaplama
ları «Değiştirilmiş Tridiagonal Matris (Modified Tridiagonal Matrise) ve 
Rilaksasyon (Modified R'lasration) metodları kullan.larak yapılmakta
dır. Hesaplamalara esas alınan verilerde, buhar basıncı - temperatür iliş
kileri için Antoine denklemi, sıvı ve buhar fazı denge şartlan için Wil- 
son ve Margules denklemleri kullanılmaktadır. Program azeotrop ve eks- 
traktif distilasyon problemlerini az bir hesaplama zamanı içinde büyük 
güvenirlilikle çözebilmekte ve birden fazla besleme akımı ve yan akım 
ihtiva eden kompleks distilasyon kolonlarına kolaylıkla uygulanabilmek
tedir.

Prouramın ana özellikleri ve uygulama esasları verildikten sonra 
bir uygulama çalışması Su - Etanol - Metanol azeotrop sistemi için ya
pılmıştır.

In this paper has becn introduce a FORTRAN IV Computer prog
ram for the calculation of multicomponent distillation ıchich was de-
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veloped and varitten by the author. The proposed Computer program 
uses the methods of the Modified Tridiagonal Matrix and Relazation 
for the calculation of ideal and nonideal multicomponent distiallation 
processes. The data of calculation are based on Antoine equation for 
vapor pressure - temperature relations, and Wilson and Margules equ- 
ations for the conditions of varpor - liquid eguilibrium. The proposed 
program can applied easily to the complex distillation columns which 
have multi - feeds and side - cut streams and solves the problem of Ext- 
ractive and Azeotropic distillation in a small computation time with 
a big accuracy.

After giving the main feature and principles of application, an appli- 
cation work is illustrated by Water - Ethanol - Methanol, azeotrope Sys
tem.

Introduction and A Brief Survey on The Multicomponent Distillation

The multicomponent distillation has been most rapidly developed 
subject in Chemical engineering science and its importance is apparent 
from the tremendous number of papers written on this subject. It is 
elear such as accumulated literatüre has several calculation proccdurcs 
for multicomponent distillation. Those calculation procedures can be 
classified into four groups namely a) Stage - by - stage, b) Short - 
cut, c) Iteration and d) Relaxation procedures.

The first realistle and pratical method of solving separation prob- 
lems was stage - by - stage analysis shovvn by Sorel in 1893 (La reeti- 
fication de l’alcool, Paris, 1893). The general method of stage - by - sta
ge calculation for multicomponent systems vvas first shown by Lewis 
and Matheson |Ind.Eng.Chem.24.,49 // (1932) | and by Underwood [Trans. 
Inst. Chem. Engr. (London) 10, 112, (1932) |. The method of Lewis and 
Matheson was futher improved by Robinson and Gilliland |Elements 
of Fractional Distillation, 4 th Ed. Mc. Graw - Hill New York, 1950].

The short - cut methods which allow determination of the number 
of theoretical plates as a funetion of reflux ratio, minimum plates, and 
minimum reflux are commonly used to study the effect of refluz ratio 
on investment and operating costs with a minimum of tedious and ex- 
tensive calculations. The Colborn [Trans. A. I. Ch. E., 37, 805 (1941)]. 
and Undenvood |Chem. Eng. Progr. 44, 603 (1948)] minimum reflux 
methods are used for more accurate calculation of minimum refluz while 
the Brown - Martin [Trans. A. I. Ch. E., 35, 679 (1939)] method can be 
used for safe approximations.
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Iteration methods are best - suited for solution of almost the rever- 
se problem for which stage - by - stage can be used. Iteration Solutions 
were first proposed by Thiele and Geddes [Ind. Eng. Chem. 24, 289 
(1933)]. Amundson and Potinen |Ind. Eng. Chem. 50, 730 (1958)], have 
proposed a general method of solution through matrices. Edmister 
|A. I. Ch. E. Journal 3, 165 (1957)] has solved the equations through 
development of a series expression relating the amount of a component 
at a stage to the amount in a product. The. Smith [A. I. Ch. E. Journal 
6, 1/51 (1960) |, [Design of Equilibrium Stage Processes Mc. Gravv - Hill, 
New York, 19631 and Hanson et al. [Computation of Multistage Sepa- 
ration Processes, Reinhold, New York, 1962] have solved the equations 
by a method which assumes the amount of a component in a product 
and calculates to the other end of the column, tracking the error mâde 
in the assumed amount can be calculated and precise corrections applied 
at each stage. The Lyster et al. | Pet. Ref., 38, No. 6, 221 (1959), Pet. 
Rpf. 38,No.7, 151 (1959)., Pet. Ref. 38, No. 10, 139 (1959)1 and Holland 
| Multicomponent Distillation, Prentice - Hail Englewood Cliffs., Nevv 
Jersey, 19631 have developed correction methods to improve the cal
culated product compositions for complicated columns, and have worked 
cxtensively on convergence techniques, Yamada and Sugie [Studies on 
the Multicomponent Distillation, Bulletin of Nagoya Institute of Tech
nology, vol. 19, pp - 517 -528, (1967) | have proposed the Modified Suc- 
cessive Approximation Method, Successive Perturbation and Successive 
Iteration Methods.

Relaxation Solutions are conceptually the most simple methods of 
solution for any multistage separation process. They were first proposed 
by Rose et al. | Ind. Eng. Chem. 50, 737 (1958)] and Duffin [Solution 
of Multistage Separation Problems by Using Digital Computers. Ph. D. 
Thesis, University of California, Berkeley, 19591. Extension of the ret 
laxation method to include heat balance was proposed by Hanson et al. 
[Computation of Multistage Seperation Processes, Reinhold, New York 
19621.

.Vl. .... •• i'.l. » -»•••.
The above mentioned methods of calculation of multicomponent 

distilation processes can be programmed to the any near Computer. But, 
the basic methods of calculation have not been improved to take ade- 
quate advantage of the rapidity and accuracy of the computing devices. 
Therefore, the principal advantage lies in the ability of the Computer 
(when correctly programmed) to sol ve complex trial - and - error itera- 
tive calculations with ease in a short time. Generally, proposed com-
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puter methods of calculation of multicomponent distillation fal! into 
two categories which utilize the equations and approach previously des- 
cribed. One method involves the assumption of the component distribu- 
tion in the distillate and bottoms product, the feed plate location, and 
the refltDc ratio, and computation is carried out plate to plate from the 
top of the column tovvard the feed plate and from the bottom ot the 
column toward the feed plate until the composition ratios or composi- 
tion calculated from both directions match within designated limits in 
the vicinity of the feed location. The other method involves the assump
tion of the reflux ratio, number of plates, and the temperature profile 
and, starting from the feed compositions, the calculation is carried out 
plate to plate for the number of stages specified in the rectifying sec- 
tion. By repeatedly modifying the assumed temperature on each plate 
and repeating the calculations, the bubble or dew - point temperature 
for the liquid or vapor at each plate is matched. The calculation pro- 
ceeds in a similar manner for the number of stages specified in the strip- 
ping- section to obtain the bubble point or dew point of the vapor and 
liquid at each plate. If the first trial does not converge, a different 
number of plates, reflux ratio, or temperature profile is assumed and 
the calculation is repeated. (Distillation, M. V. Winkle, McGraw-Hill 
Book Company, 1967)

The Application Procedure of DISTHB Computer Program
In the design of a fractionating column essensially required Infor

mation are the determination of the number of plates (or packed 
height) and the column diameter. The determination of the parameters 
of actual design is required a theoretical design which are needed follow- 
ing column specifications.

— Quantity, composition and thermal condition of the feed,
— Column pressure,
— Type of overhead condenser,
— Reflux ratio or (Vt or Lo),
— Quantity of distillate and composition.

In general case the number of theoretical stages is defined by DIS- 
THB Computer program in the way of calculation as a trial and error 
procedure. In each trial calculation, a number of theoretical stages is 
assumed for the given condition of the problem which in the above men- 
tioned data.

If the first trial does not converge, a different number theoretical 
stages is assumed and the appliciation of DISTHB is reapeted.
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In the other cases, the DISTHB Computer program can be applied to 
define the optimal feed conditions, reflux ratio and feed stages which 
are described by user as a trial specification.

The Main Feature of the Proposed Computer Program.
The main feature of the proposed Computer program is written in 

FORTRAN IV, and called DISTHB. The main feature of the DISTHB 
is given by follovving Computer output. 

c
c • •
c • •
C » A NE* CALCuLAllON SYS>LM «
C • »
C • FuR •
C • •
C • İDEAL AND A NON-IDEAl MulT ItoMPONEM DiSTİLLATlON COLUMNS •

C • W1Ih •
C « •

• ANY NUMöER OF bIOE“CuT STRLAmS anq FEEUS •
c • •
c • •
c ....................................................................................................................................................................
c 
c 
c 
C------- İHE '•ETHOO USED İN IhIS PROGRAM a«e The moDIFIED TRIOIAGONAL
c matrix method and the modifild relaaation hethod. 
C METHJD»! REFERS TO ThE MODİFİLD IkIDIAGONAL mAtr|x mETHOU 
c »hiCk is good for general covplEa columns. 
C M-tTHOD-2 REFERS TU THE MODIF1ED rEl*XAtİ0N METHOD wh | CH IS 
C 6000 for GENtKAL COMPLEX COLUMNS*EXTRACT I VE DiSTİLLATlON 
u C.OLUHNS'anD AZEOTf<OPIC D15TİLL*Tİun Columns. 
c 
C------- The yaPOR-l I WL> I D E0U1LİBR1UH KELA I |ONSHIRS USED İN THIS PROGRAM
C ARE THOSt OF rfILSON ANO MARGULES-

NVL-1 REFERS to The BİLSON'S METHOD.
C NVL-2 REFERS TO ThE mARÛULFS'S MLThOD. 
C 
c--— the lefencf ot the co«e'<age uf iniş program---------
C THIS PROGRAM 15 DESIGNATED FOR « GENERAL COHPLEX DiSTİLLATlON
C ColUMN. THEreForE< SOmE SPECIAu COLUMNS.wHICh mAy NOT be 
C REGARDEO AS A GENERAL COMPlEA COLUMN>COULj not ÖE solved-

IF 5UCH OCCAslON AppEAs.ThE ÜŞER SHOULD kefen TO THE OTHEr PROGRAM 
C DEVELOPED FOK THE SPECIAL COLUMN- 
C 
C 
C.»««» NOMENCLATURE OF İNPUT DATA, •»•»» 
C 
C UTLL'THE t itle OF YOUR CALCuLAİİON. II SHOuLD BE »RITTEN 
C wITh|N 80 CHARACTERS.
C 
c m-numbfr of components 
I. 
C N-TOTAL NUMPLR of stages
c ThE FIRST stage REFERS TO THE CONUENSER Ano THE lAST(N-TH) 
c STAGE REFERS to the reboiler-
c

NVL-PARAMETER KHICH SLLECTS The VApoR-LI<DU|D ESUİLIBHİUM ebuation. 
c TArING The VaLuE OE ONE UR T»o
c 
C V(1)-MOLAR FLO» RATE of vapor LEAVJNG FROM The CONDENSER
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The Nonıenclature of Inpııt Data for DISTHB

DISTHB Computer program are composed a main program and 29 
subprograms which are shown by Figüre 1. The subprograms contain 
three types of subroutines namely a) Subprograms for reading b) Sub
programs for calculation c) Subprograms for printing.

c
C H»REFLUX RATIO *1 THE COLUMN TO’ 
C
C PAI-TOTAL PRESSURE OF THE COLUMN 
c
C F(J)-FEED MOLES *T ThE J-Th STAGE 
C
C TFEEO<J>-FEEO TEMPERATuRE AT THE J-Th STAûE 
C
C 8<J>-ThERMAL factor OF THE COLUMN FEED AT j-TH STAGE 
C
C ZZI.JJ-FEEO MOLAR COMPOSITJON OF I-Th COMPONENT at J-TH STAGE
c »HEN FCJ) IS ZERO. The VALUES OF TFEEO<J).S(J>.and Z(I.J) are
c automatically set to zfro. the«efore. The data for tfeedtj>.«(j>. 
C AND ZCl-J) ARE NECESSARY. ONLY *~EN .:<J) Is NUN-ZERO.
C The 1-TH COMPONENT İS DESIGNATED *S the une »hich has
c the highest boilIng temperaîure. and the m-Th<the l*stj
C IS DESIGNATED AS THE ONE RHICh H~S THE LO«EST BOİLING 
C TEMPERATURE.
c
C w(J)»MOLAR FLOW RATE OF VAPOR SlUE-CUT at THE J-İH STAGE 
c
c ucjt-molar flor rate of lisuio side-cut at The j-îh stage 
c
c u<i>-molar flor rate of lisuid llaving from the condenser 
c
c u<n>-molar flor rate of lisuid leaving fkoh the rebiler 
c
C TBCD-BOILİNG POİNT TEMPERATURE pF ThE l-TH COMPONENT 
c
C NAME-COMPOSİTION name RMİCH ShOULU BE rRIITEN RlTHIN 16 ChARACTERS 
c
C ■R(I.J)“CONSTanTS OF The rILSON eruATion ur The margules EOUATİON
c the ide*l mixtures ma» be treateu by setting these constants to
C UNİİY FOR THE «İL SON ESUATION AND TO ZERO FOR THE MARGuLEs EsjATlON.
c
C A{|>.B(I)«CCI>«CONSTANTS in IhE AntOINE EsuATION 
c 
c
C—-— ThIS PROGRAM TERMINATES »HEN ThE"1. IS NO data CARO FûR The Reading 
C OF THE İNPUT DATA. if you HAVE SOmE problems to be simultaneously 
C SOLVED. PUT THE SETS OF THE İNPU' DATA TOGETHER İn ÖNDER.
c The problems rill be solved dne b> üne apcoroing to the oroer
C OF The İNPUT DATA SET. 
c 
c
C»»« The DIMFNSION SİZE IS TlnTATIVLLY ulvFN fon UP >0 UENİY COMPONFnTS 
C AND TRU hANDRED STAGES. IF THE AVAIIAELE MEMORIES ARE NOT
C ENOUGH. OR if The ProBlEm UNOtH COnsIDErAT i jN E"xCEEDS THIS LİMITATION.
C The APPROPRIATE ChAngE OF The 01MENSI0N sUe ıs necessary. ••• 
c 
c

1 MH*X-20
2 NMAX«200
J C0MM0V/ONE/PAI
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MAIN PROGRAM |
+ !

SUBPROGRAMS
DISTHB

t

A) Subprograms 
for Readlng

B) Subprograms 
for Calculation

C) Subprograms 
for prlnting

1. SUB. READ 1 1. SUB. ACTCET 1. SUB. PRINT R
2. DATA BLOCK

Flg. 1.

2. SUB. MTMM 2. SUB. PRINT 1
3. SUB. MATRIX 3. SUB. PRINT 2
4. SUB. MRM 4. SUB. PRINT 3
5. SUB. RELAX 5. SUB. PRINT 4
6. SUB. BOUBLE 6. SUB. PRINT 5
7. SUB. ACTIVI 7. SUB. PRINT 6
8. SUB. KALFAJ 8. SUB. PRINT 7
9. SUB. INITX 9. SUB. PRINT 8

10. SUB. FLOWVL 10. SUB. PRINT 9
11. SUB. INITEM
12. SUB. PRODUC
13. SUB. FLASH
14. SUB. CONREL
15. SUB. VOLATI
16. SUB. NOMALY
17. SUB. NOMALX

The Subprograms of DISTHB Computer program.

The Handling of DATA for DISTHB Computer Program

DISTHB Computer program can be applied to the any digital Com
puter which has a FORTRAN IV compiler. The organization of the DA
TA DECK is depents on the feature of used Computer machine. The 
DISTHB has a organization of control card as any optimization prog
ram. It is never need special control card. But, the data can be punched 
into cards using the EBCDIC code: In this section the format of cards 
punched in EBCDIC code will be described.

In ali cases, there are two types of cards in the data file:

1) Control cards, which are specified by Computer machine,

2) Data cards, which contain the actual data values.

Notes on Input Data

1) The ali integer numbers of data cards are defined by 
FORMAT (15).
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2) The ali non - integer numbers of data cards are defined by 
FORMAT (F10.3).

3) Only, the type of used method and the equation of vapor - li- 
quide equilibrium relationships, and the number of components and theo- 
retical stages are defined in integer form. The other variables are de
fined in non - integer form.

4) The title of searching problem and the name of components 
(which is discribed of composition of liquid and vapor) of data cards 
can be composed by alphameric and special characters.

5) The names of ali components which are appearing in llth group 
of data cards must be composed of from 1 to 16 alphameric and spe
cial characters.

6) This program terminates when there is no data card for the 
reading of the input data. If, it had have been some problems to be 
simultaneously solved, put the sets of the input data together in order. 
The problems vvill be solved one by one according to the order of the 
input data set.

7) The dimension size is tetatively given for up to twenty com
ponents and two hundred stages. If, the available memories are not 
enough, or the problem under consideration exceeds this limitation, the 
appropriate change of the dimension size is necessary.

8) In this program, the measurement of design variables are defi
ned by metric system as follows; the amount of stream (vapor and 
liquid) with [Kg mol|, temperature with centigrate |°C] and pressure 
with [mm Hg]

The Organization of the DATA DECK

1) A TİTLE card is alvvays the first card, and an ENDATA card 
is ahvays the last card of a data deck. The TİTLE card gives a user - 
specified name to the data deck. It has the following format:

Field 1

Columns 1 — 80

Type of 
contents Name asslgned by user

Nomenclature TİTLE
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The TITLE may contains from one to eighty of the following cha- 
racters, in any order: A to Z, 0 (zero) to 9,. (period).

2) The METHOD card is always the second card and it contains 
1 or 2. [1] indicates MTMM (Moddified Tridiagonal Matrix Method), [2] 
indicates MRM (Modifcd Relaxation Method). It has the follotving format:

Field 1

Columns 1 — 5

Type of contents 1 or 2

Nomenclature METHOD

3) The EQUATION card is the third card and it containts 1 or 2. 
[1] indicates Wilson Equation, 12] indicated Margules Equation. It has 
the following format:

Field ı

1 — 5

1 or 2

EQUATION (NVL)

Columns

Type of contents

Nomenclature

4) The group of fourth card contains the number of the compo- 
nents and the stages. It has the following format :

Field 1 Field 2

Columns 1 — 5 6 — 10

Type of contents
number of 
components

number of 
stages

Nomenclature M N
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5) The fifth card of data cards contains the molar flow rate of 
vapor which is leaving from the condenser, the reflux ration at the top 
of column and the total pressure of the column. It has the following 
format:

Field 1 Field 2 Field 3

Columns 1 — 10 11 — 20 21 — 30

Type of contents

Molar flow rate 
of vapor which 
is leaving from 
condenser

Reflux ratlo at 
the top of 
column

Total pressure 
of column

Nomenclature V (1) R PAI

6) The sixth group of data is not one card. It depends on the 
number of stage. This group of data cards contain the feed moles at 
the each stage. If there is no feed into any stage it will be contain 
empty field. It has the following format and it is illustrated for three 
feeds.

Field 1 Field 2 Field 3

Columns 1 — 10 11 — 20 21 — 30

Type of contents feed moles 
at first stage

feed moles 
at second stage

feed moles 
at thirth 

stage

Nomenclature F (1) F (2) F (3)

7) The seventh group of data cards contain the temperature of 
feeds, termal factor of the column feeds and molar composition of feeds. 
It has the follovving format:

The below mentioned format is illustrated for one feed and three 
components. When F(J) is zero, the values of TFEED(J), Q(J), and 
Z(I. J) are automatically set to zero. Therefore, the data for TFEED(J), 
Q(J), and Z(I,J) are necessary, only when F(J) is non-zero. The 1-st 
component is designated as the one which has the highest boiling tem- 
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perature, and the M - th (the last) is designated as the one which has 
the lowest boiling temperature.

Fleld 1 Fleld 2 Fleld 3 
_______ ..ra-.

Fleld 4 Fleld 5

Columns 1 — 10 11 — 20 21 — 30 11 — 40 41 — 50

f,

Type of contents

Nomenclature

Feed 
temperatu
re of J-th 
stage

TFEED (J)

Termal 
factor of 
the co
lumns feed 

at J-th 
stage

Q (J)

Feed mo
lar com- 
posltlon 
of 1 - st 
component 
at J-th 
stage

Z (1, J)

Feed mo
lar com- 
posltion 
of 2 - nd 
component 
at J-th 
stage

Z (2, J)

Feed mo
lar com
position 
of 3 - rd 
component 
at J-th 
stage

Z (3, J)

8) The 8 - th group of data cards contain the molar flow rate of 
vapor side-cut at the J - th stage. It has the following format, and it 
is illustrated for three side-cut streams.

1 Fleld 1 Fleld 2 Fleld 3

Columns 1 — 10 11 — 20 21 — 30
1

Type of contents

Molar flow rate 
of vapor side - 

cut at 1 - th 
stage

Molar flow rate 
of vapor side - 

cut at 2 -nd 
stage

Molar flow rate 
of vapor side - 
cut at 3 - rd 

stage

Nomenclature W(l) W(2) W(3)

Notice : The first stage is condenser and the last stage is reboiler.

9) The 9 - th group of data cards contain the molar flow rate of 
liquide side-cut at the J - th stage. It has the follovving format; and it 
is illustrated three liquid side-cut streams.
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Field 1 Field 2 Field 3

Columns İt—10 11 — 20 21 — 30
i 1 ' .

Type of contents
Molar flow rate 
of liquid side - 
cut 1 - st at 1 - 

st stage

Molar flow rate 
of liquld side - 
cut 2 - nd at 2 - 

nd stage

Molar flow rate 
of liquld side - 
cut 3 - rd at 3 - 

rd stage

Nomenclature U (1) U (2) U (3)

10) The tenth card of data cards contain the boiling temperature 
of the components from 1. to M. It has the following format:

Field 1 Field 2 Field 3

Columns 1 — 10 11 — 20 21 — 30

Type of contents
Boiling temp. of 
1 - st component

Boiling temp. of 
2nd. component

Boiling temp. of 
3 rd. component

Nomenclature TB (1) TB (2) TB (3)

11) The 11 - th group data contains the name of component which 
should be written within 16 characters. It has following format:

■r t Field 1 Field 2 Field 3

Columns 1—16 17 — 32 33 — 48

Type of contents
name of com
ponent of 1 -th

name of com
ponent of 2 - nd

name of com
ponent of 3 - rd

Nomenclature
Name assigned 

by user
Name assigned 

by user
Name assigned 

by user



78 Edip Büyükkoca

12) The 12 - th group data of data cards contains the constants 
of the Wilson equation or the Margules equation. The ideal mixtures 
may be treated by setting these constants to unıty for the Wilson equ- 
ation and to zero for the Margules equation. If, it is used three suffix 
constants for the Wilson and Margules equations and each card uses for 
a component. It has follovving format:

for the first component

Field 1 Field 2 Field 3

Columns 1 — 10 11 — 20 21 — 30

Type of contents
1 - st constant 
of used equation

2 - nd constant 
of used equation

3 -rd constant 
of used equation

Nomenclature WW(1, 1) WW(1, 2) WW(1,3)

13) The 13 - rd group data of data cards contains the constants 
in the Antoine equation vvith (—B). It has following format and can 
be used up 80 columns of each card. The following illustration is for 
the first component and other components can take places in the samo 
data cards.

Field 1 Field 2 Field 3

Columns 1 — 10 11 — 20 21 — 30

Type of contents
1 - st constant 
of Antoine Eq. 
for 1 - 3t compo
nent

2 - nd constant 
of Antoine Eq. 
for 1 - st compo
nent

3 - rd constant 
of Antoine Eq. 
for 1 - st compo
nent

Nomenclature A(l) A(2) A(3)
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The Handling of the Reuuired Information of the DISTHB Computer 
Program for Applications

The above mentioned 13 groups data are classified into three classes 
namely a) to determine the name of illustrated problem, used equations 
and methods which are 1, 2, 3, and 11, of data, b) to determine the 
given parameters of distillation column which are 4, 5, 6, 7, 8, 9 and 
10 groups of DATA c) to determine the constant of used equations 
which are 12 and 13 groups of DATA.

The first classe of the groups of DATA is indicated by the distilla
tion type, such as azeotropic, extractive distillation ete. The second 
classe is indicated by the column conditions, the third classe is indica
ted by the constants of the used equations and methods. Therefore somo 
parts of DATA can be determine by given problem, other parts must be 
handling from the data books \vhich are THE THERMAL FACTOR of 
FEEDS of COLUMN, CONSTANTS of ANTOINE, WILS0N and MAR
GULES.

The determination of the thermal factor of feeds of column, and 
constants of Antoine, VVilson and Margules

The thermal factor of feeds of column can be calculated by using 
follovving three equations, those equations are drived by using «The 
principe of constant rate of molar vaporisation of the Mc. Cabe-Thiele.

a) drived based on the amount of liquid phase

L—L

b) drived based on the amount of vapor phase

(1)

(2)

c) drived based on the enthalpy of the liquid and vapor phase

1 n,-h, (3)

The nomenclature of the used symbol in Eq. (1), (2), (3)

q : Thermal factor in DISTHB program Q

L : Molar amounts of liquid which is coming into feed stage,
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L : Molar amounts of liquid vvhich is going down from feed stage 

F : Feed stream
V : Molar amounts of vapor vvhich is going up from feed stage

V : Molar amounts of vapor vvhich is coming into feed stage

H, : Enthalpy of vapor vvhich is going up from feed stage

hf : Enthalpy of liquid which is coming into feed stage

ht : Enthalpy of feed stream

Figüre 2 are shovvn the condition of feeds in five cases as the fol- 
lowing,

a) Feed is liquid at boiling point q=l

b) Feed is cold liquid q>l

c) Feed is staturated vapor q = 0

Fig. 2. Illustration of condition of feeds
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d) Feed is superheated vapor g<0 and negative

e) Feed is mixture of liquid and vapor 0<q<l 

Three illustrations are given by the follovving examples.

(14) (-50) _0078
9000 0078

Example 1 : (for the b case) Calculate the thermal factor of feed 
for the given conditions.

Cp : 30 Btu/(lb - mol) (°F)

lv : 900 BtU/İb mol (lantent heat)

Tf : 400°F

+ 30X40
q k„ -I+ kv “1+ 9000 ~1,13

Example 2 : (for the d case) Calculate the thermal factor of feed 
for the given conditions.

C„ : 14 Btu ?(1b mol) (°F)

Tf : 50°F

: 900 Btu/lb mol

Cp(—Tf) 
q= =

Example 3 : (for the e case) calculate the thermal factor of feed 
for the given condition.

Condition : Feed includes 40% liquid and 60% vapor

q=L~L L—L--FX0.40, q = ^y^=0.40

Notice : in such as condition q is always equal to liquid %

Determination of Keflux Ratio :

The reflux ratio is determined by

R : Reflux ratio on top of column

D : Moles of top product (mol kgr)

jLo : Moles of reflux stream (mol kgr)
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IMerınination of the constants of Antoine Eqııation

Vapor pressure and temperature are commonly related by means of 
the Antoine Equation [Compt. Rend. Acad. Sci., Paris, 1J7: 681, 836,1143 
(1888) |

L°gP = A—C+T

where, A, B, and C are constants for a particular compouı.d över a rela- 
tively narrow temperature range (usually not över 1OCTC). Values of 
these constant for various compounds and families of compounds and 
the temperature ranges for ;vhich the constants apply appear in a num- 
ber of references. Dreisbach [Physical Properties of Chemial Compounds 
I, II and III. Am. Chem. Soc. Advan. ehem, ser., nos 15(1955); 22(1959); 
29(1961)], API Project Report No. 44 [«Selected values of physical and 
Thermodynamic Properties of Hydrocarbons and Related compounds, > 
Carnegie Press, Pittsburgh, 1953]. Perry [Chemical Engineers’ Hand- 
book, 3 rd. ed., Mc Graw-Hill, 1950], and others present eithe-r the Anto
ine constants, tabular vapor pressure data, or both.

An cxample : Determine of the constants of Antoine Equ. for 
ethylbcnzene,

Solution : The three points of data permit the direct solution for 
a set of Antoine constants by algebraic means. An alternative method 
deseribed in Dreisbach can be used. The constand C is solved for 
first by the empirical formula :

(7=239 — 0.19

Temperature, °C

Pressure, mm Hg Ethylbenzene Ethyl cyclohexanc

760 136.19 131.78
100 74.1 69.04
30 46.7 41.50

where tB is the normal boiling points. The three linear equations can 
then be solved for the best values of A and B.
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For ethylbenzene,
|ogP=A>-^-<;

67=239—0.19(136.19) =213.12

logCPa/Pi) _ 0.52288 _
12 (1/tfj + C)—l/(f2 + C) 1/259.82—1/287.22

=1423.7 By=1423.3 B„v=1423.7

substituting directly for A,
A,=6.95668 A,=6.95683 A3=6.95656 A,,,,=6.9567

For ethyl cyclohexane the solution is identical

Tabulated Results for Ethylbenzene

Antolne constants

Source or method A B C

Direct algebralc 
solution 9.093 3007.6 384.722
Dreisbach’s method 9.9567 1423.7 213.12
Published values 6.95719 1424.255 213.206

Determination of the constants of Margules and VVilson Equations:

The valucs of these constants for various conpounds and families of 
compounds and the temperature and pressure ranges for which the 
constants apply appear in a number of references.

It can be recommended the follovving references for the handling 
of the constants of Margules Equation.

1 — J.H. Perry, Chemical Engineers’ Handbook section 13-6, Table 
13-4, 1963 4 th Edition

2 — Joffe, J., Ind. Eng. Chem. 47:2553 (1953)
3 —• E. Hâla, I. Wichterle, J. Polâk and T. Boublik «Vapour - Liquid 

Equilibnum Data at Normal Pressures Pergamon Press Ltd. 1968.
4 — Null, R.H., Phase Equilibrium in Proces Design Wiley-Inter- 

science, 1970

It can be recommended the follovving references for the handling 
of the constants of Wilson Equation.
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1 — Wilson, A and Simms, E.D., Ind. Eng. Chem., 44, 2214 (1952)

2 — Null, R.H., Phase Equilibrium in Process Design, Wiley-Inter- 
science, 1970

3 — Winkle, V.M., Distillation, Mc - Graw - Hill 1967

4 — Frank C., Radice Jr., Analysis of Some Modeling Equations 
used in the Prediction of Multicomporent Equlibrıum Data, 
Univ. of. R.l. Prof. Harold N. Knickle 368 pp. On file Univ. 
of R.l. Loan copi available Univ. Microfilm

The Type of Applications of DISTHB Computer Program
1 — For the design of any kind of distillation columns

a) ideal systems
b) non-ideal systems
c) Azeotropic distillation 
d) Extractive distillation 
e) Some special distillation

2 — Re - design of any vvorking distillation columns

3 — Design of Distillation systems for solvent recovery

The samplc problem : A continous fractionating column operating 
at 760 mm Hg is to be designed to separate 1 mol kgr/hr of a solution 
of «vater, ethanol and methanol, containing 0.50 mole fraction water, 
0.30 mole fraction ethanol, and 0.20 mole fraction methanol. The top pro- 
duct \vill be 0.50 mol kgr hr. A reflux ratio of 3.0 mol kgr of reflux 
per mol kgr of reflux per mol kgr of product is to be used. The feed 
vvill be liquid at its boiling point, and the reflux will be returned to 
the column containing 0.5 mol kgr vapor at boiling point. The theoretical 
strage number is 11 include condenser and reboiler.

a) Determine the stage variables

b) Calculate the composition of top and bottom products

c) Determine the liquid composition profile

d) Determine the vanor composition profile

e) Determine the relative volatility profile
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The Handling DATA by a Spccial Form

The data sheet of DISTHB Computer program is prepared vvithin 
three pages which are illustrated as a following;

The first page of data sheat contians TITLE, METHOD, NVL, M, 
N, V(l), R, PAI, and F(J), TFEED (J) and Q(J)

The second page of data sheet contains W(J), U(J), Z(l, J) and TB

The third page of data sheet contains the constants of Antoine Equ. 
and Margules or Wilson Equ.

SHEET of DATA 
(Distlllation)

TITLE Case 1, Water - Ethanol - Methanol

METHOD 2 Modifled Relaxatlon Method
NVL 2 Margules equation

M = 3 N = 11
V(l) = 0.5 R = 3 PAI — 760 mmHg

(J) F (J) TFEED (J) Q (J)

6 1 mol kgr/mm 75 »C 1

J 1 11
Akım

W (J) 0.5 0

U(J) 0 0.5
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I_____
Z(L J)

1 2 3 4 5 6 7 8 9 10

Z(l, 6) 0.5

Z(2, 6) 0.2

Z(3, 6) 0.3

TB 100. 78. 64.

Vapor pressure Antoine equ. LOG (P) = A - B/ (T + C)

Gempr No. A B C

1 7.967 —1668.210 228.00

2 8.045 — 1554.300 222 65

3 7.879 -1473.110 230.00

Activity Coefficient

J
1 2 3J

1 no 0.421 0.231

2 0.778 0.0 0.0

3 0.378 0.0 0.0
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LiSC NO-1

CH.CUİ.AÎ1ÛN 3» OIStİLL*> »ON

■ODlFltO ™iÜİ*ÛUN*L M* I M | K MfİHUO 
ON

«DDiriFü »İLAMAl|ON “Ef”UO

Hi -MlXıhA“ 15 Jt&lGhlltb »t* ÎMt C*bCuL*Tlus O* • “UL I I CO*»dMM OI5T1LI*TİUN 
l M,U*% «I İh ıs* .uMflt* O* Slût-CuT SHE*WS FttOS.

’Mf —»MUn ufctc “L’-OO -hICh İS
ûIVIl^EU MTtNUlsü ’wf JRBL I C*R IL | I * Qf Th£ o«1G1N*L *i 1 «30 10 TmE ı*3h-lüE*t 
•lt»w«K« FAS2‘*û ON THE Pfc|%C|PL£5 J» l«t PE^TU^-A 1 I UN.

İm! .‘«C.-ıl.ılD EfiUlj. IB* Ium k£ l A1 I OhJHI 'S uiEO İN Îm|Ş prou«Ai* AN! TkOSE OF 
•llbu1. ‘hD ^‘AGULtS1 NVL-1 MtlFü» Tü iHt «İLb^N lwu*TION' NVL-2 KEFEks 
13 >“t nArGulES EivMlON"

•• • Atm <*• Bf rEU^KDEÜ AS - StiCtAL C*>E □* ÎHt *.ON-IOtAL
p| 5» İLLAI i ON COLjMh. tHE SOLUTİO' MA ı »E Cfiiılhtü B» SLI1|N(* 1*t v*LuES 
Uf h<t C3NS7ANTS Of ÎmE -ILSIl- EGUAHON Asq İme MARGuLES ttuAİ |Üh TO uNl tY A'«0

«ESPfCT tVELY.

C0Mp0.ltNr •. A - £

“ATER 
LIkANOL
«t ÎHANOt

>ME uûVtRtiENtE CHJTEPIA İs SE1 «• Trtt FULLoalhG «-3NDIÎI0N.

THE RElATIvE VX * ’ IL I î»15 *M0 ImE 'EmPlaaTunE Oh Each sTAÛE CONbERGE FROm TmE I ■ l*ı 
VAluES TO t-? f İNAl SOkUTİOM sAjl-Ntı ÛM T»« PBİSCIblIS ;< IhE PEHTurAA 1 igh-
•Mt «EAh SüuAflt -fMPffilluHf »L-CT -IjOh SHUoLÛ BE LtSS İM“. 0.01. fuO’^ER“OMF.
tm ARSOLJTE Pt ‘■'C6* TAGt nEATu’^tD .*luES O* T"t vOL Al | l | t IFS Oh all
S1AGES SmüulO BE LESS 2
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CaSE NO.l

input uata

TOTal NUMflER Öf STAGES 

TOP PRODuCÎ AmOONT 

hOTlDM PROÖUCT AmOUnT 

frfFlüX HAT 13 

TOT*L PKtSSuHE

11

0.3000000

0.3OOÜUOO <KG-MÜl/mrJ

j.ooouuoo

JfeO.OOOOOOO (MM-MG A)

FEEO

FEtü SJAq£ NO» C0*W. NO. FEEü CüfiDI 1 (71 fa

l.OÛÛ
0.3000
0.2Û00
0.3000

0-3000 
Û.200Û 
0.300U

I.OÜOO CAG-MJl/ttH)

C*S£ NO-1

UPON PRESSuRE ANTOINt CO?iSUNT$ LÜGC*') - A ♦«/< T • C)

C0MO. NO- A b c

1 0.?*»6fcaiOE ol -J.l₺fcl21Qt 04 0.22BOOOOE 03
3 O.aO4A?*OE ol -0.135*3ûOL 04 O.22263OUE 03
3 o.761«falot 01 -J.lA73110t 04 Û.JJüOOÛüE 03

ACT1V1TV COEFFICİENİ

J
I

1
2

■ <1 . j) f OR MARÛbL-S ESUATİJf.

0.0 
o.”aoüooE oo 
O-37SOOOOE 00

3.A21CO0OE 00
O.U 
o.o

Ü.2J100ÛÜE 00 
0.0 
0.0
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CâSt NO'l

1-Th i t £HA T 1 ON 
TtHPtf’ATuHt 
*CI .J> ı- ı
*(l .J) I- d
ACI-Jİ 1-3 

2-TH ITtMATlüN
ItMPtMlbrtE 
M(1.Ji I-»

I- i 
MCI"J> I- J 
3-Th HlkAll-A 

ÎEMPfhAlUHE 
* ( I . JJ I- a 

I- Z
* <1 -jJ 1-3 
A-ÎH JTtKAThA

TEmPL"AlUHE 
X(|.J) 1- 1
A(l.j) 1- i
«( I . Jj 1- J
5-ÎH HtHATlüN 

lErPt'-Aiurff 
»< I . J> 1-1
* (I -J> 1- z
XCI«JJ I- j

b—Ih ıltkATl.A 
ItMPt”ATUWE 
■<!•>> 1-1 
X(l.J) I • Z
«( 1 • J> I- J
7-ÎN ITLRATI3N 

TEkfE Mlüfcf 
x(1 .j) 1-1
x<l.Jİ l - z
x<]■J) I■ 3
e-İH l İtFAl 1 vjN 

fEmpl«a îuh£
*<1.J> 1-1 
x<l .J) 1- i
*<I -Jl I- >
9-fH iteratign

UMPf«A 1JRE
M I.J> 1-1
* < I . J> I • z 
* < 1 • Jİ 1-3 
10-tH İTEMATİON 
ÎEmPI "ATuiHf 
*( I . J) 1-1
A(I .J) I - t
,X(|.J> 3

7-5-0 
O-2«2 
O-27A 
O ■ *** 

72-3 
0.183 
0-269 
0.5*8

70.7 
0.12a 
0-2A* 
0-632 

69-5 
O - U8* 
0-213 
O- 702

€8-5 
v-ın t 
0-182 
O- 760 

67. 7 
0.052 
0.173 
0-775 

67.5 
0.052 
0-169 
0-7 79 

67-5 
O.Ü52 
0-167 
0-780 

<■7. 5 
0-052 
0-166 
0.781

67-5
0.052
0-166

.0-782

’5 . O 
O . 309 
ü. 272 
O.*19 

72.? 
Û.2q3 
O. 2ca 
ü.5u*

70-1 
0.09# 
u. 230 
0.653 

69. 1 
U.Ü9U 
0.2*1 
0.6 i 0 

6B ■ M 
0.0*0 
Û-2j₺ 
0.6 7* 

68. v
U . Of 1
O. 2 JA 
0.6 7b

0.091 
u.232 
Ü. 6 1 7

₺8. B 
U.Ofl 
Û.231 
0.6 18 

fce- e 
0.1 uu 
0.25a 
Ü. 6-2

75-0 
O . ÎZ* 
0.270 
0. *Cb

72.9 
0.215 
ü.29o 
ü. *87

71.5 
0.15u 
0.295 
ü. 55u

70-5 
0.131 
U.29u 
Û.57fl

10.1 
U . 1 JZ 
0.206 
u. 58Z

70- 1 
U. 1 X- 
0.283 
0.ŞA

TO. 1 
Û.I 3- 
CJ.281 
0.58‘j

70-1 
0.13
0.280 
Ü. 586

70-1 
0.1*5 
0.311 
0-5** 

70- ₺ 
0.153 
0.333 
0.512

75.0 
0.332 
0.268 
0. AûO

73.0 
0.222 
0.30* 
0.A7A

71-7 
0.186 
0.31* 
0.50C

71.3 
0.180 
0.312 
ü. 507

71.2 
0-183 
0.309 
0-5û«

71.2 
0.183 
0.300 
0-509

71.1 
0.183 
0.307 
0.510

71.1 
0.195 
0.3*3 
0. *65

71 - 7 
0.203 
0.36* 
O.a)2

72-1 
0.209 
0-383 
0. AO*

75-0
0.337
0.26b
0.397 

73.1 
0-269 
0-301 
□ .*31

72-A 
0.2*8 
0-309 
0-**3 

72-2 
0.2*6 
0-308 
0-**6 

72.1 
0.2*7 
0-306 
Q.*A7 

72-1 
0.2*7 
0-305 
0-**8 

72. 1 
0.259 
O- 3*1 
C.*U1 

72. 7 
0.266 
0.36* 
0.370

73.1 
0.271 
0.381 
11-3*8

73.A 
0.275 
O-393 
0-332

75.U 
O.*13 
0.235 
0.352

7*.O 
0.367 
0.258 
0.375

73.5 
0.352 
0.26a 
0.38*

73.3 
0.3*9 
0.26* 
0.387

73-2 
0.3*9 
0.263 
0.386

73-2 
Ü . 3 5 9 
0.299 
0-3*2

73-8 
0.365 
0.32] 
0. 31* 

?*■ 2 
O. 37o 
0.335 
0.296

Ü.37J 
o. 3**
0.282

0.376
0.352
0-272

75.U 
U .Al 3 
0.235 
0.351 

o .}€e 
O.25d 
0.375

73-5 
U.35Z 
u. 2b* 
u.3B*

73-J 
0.3*9 
0.26* 
.1. 38 l

7 3-/ 
u. 361 
0. 30* 
-.335

73«» 
u.371 
U. 330 
u. 291 

u. 35 i
u. 265 

u . 38 j 
0.37u 
w. 2* ‘ 

75-u 
u . 38₺ 
0.38u 
0.23*

75- z 
0.38'* 
u.36 ' 
u.22-

75.0 
0-A1A 
0.235 
0-351

0-368
0.258
0.37* 

73.5 
0.352 
0.26* 
O- 38*

73.3 
0.366 
0-308 
0.326

İA .0 
0.378 
0.3*A 
0-278

0.387 
0.J7*! 
0-238 

75.2 
0-39* 
C. 391 
0-215 

75-5 
0.399 
Û.A03 
O- 199

75. I 
O.*O2 
O- *1 i 
0-187

75-9 
O .*05 
0. Ali 
0-178

73-0 
O-Al* 
0-235 
0-351

0-368
0-258 
O- 37a

73.5 
O . 381 
O- 305 
0.313

7*-2 
0.396 
0-3*3 
0*262

7a .9 
0. AO? 
0.373 
0-220

75-5 
0-Aİ6 
0-396 
O- 186

75-9 
O. *22 
0-A12 
0-166

76-2 
O.*Z7 
O-*21 
0-152

7b-A 
O.*31 
0. *27 
0-1*3

7b- 5 
O . *3a 
0-*31 
0-136

75-0 
O.Al* 
0.235 
0-351 

7*. O 
0.AJ6 
0.277 
0.287

Q.*56 
0.310 
0.23a

75-5 
O.*73 
0-33* 
O. 193 

76-1 
O .*86 
0.355 
0-159 

76-6 
Ü.*91 
0-371 
0-132 

77-0
0.505
0.378
0.117 

77-2 
ü. 512 
0.382 
O. 107 

77.* 
0.51b 
0.383 
Ü - 100

77-5 
0.523 
0.383 
0.095

75.0
0.62*
0.165
0.211 

76-8 
O .68* 
0.161 
0.155

78-0 
0.72* 
0-158 
0-118 

78-9
0.753
0.156
0.091 

79-5 
0.775 
0-153 
0.012 

80- 1 
0.791 
0.151 
0.058 

80- 5 
0.803 
0.1*7 
0-05J 

80- 9 
0.81 J 
0-1*3 
O- O** 

81-2 
0.821 
0-138 
0-0*1

81-* 
0.828 
0.13* 
0-038

tHE TOÎ*L İTEH*1İON5- 81
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CASE no-i

SOLUT I ON

STAGE VARIABLtS »*♦*•

oTAGE

KCUNDJ

TEı-»p.

70-039

LIQU 1 D

0-15000E 01

VAPOR

0.0
2 71-663 0-15000E 01 0-20000E Ol
3 72-863 0.15000E 01 0-20000E Ol
4 73-737 0.15000E 01 0.20000E 01
5 74-437 0.15000E 01 0 -20000E 01
6 75-230 Û.25OOOE 01 0.20000E 01
7 75-037 0.25000E 01 0.20000E 01
t 7₺.m35 0-25000E 01 0-20000F 01
9 77-091 0.?5000E 01 0-20000E 01

10 
11(RE.0>

78-306
84 - 956

0.25000E
3.0

01 0-20000E
0.2O0C0F

01 
Ol

C*St NO.1

«•»•« droduCt amounts

STAGE COMP MOL FL0w MOL FR.

1(TOP PRODlJCî)
1 0.050340 0-1006797
2 0.160706 0-321A112
3 0-288955 0 -5775091

11C80IT0M PRODUC D
1 û-449459 0-8989178
2 0-039487 0-0789750
3 0-011054 0-0221072
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case no.i

Lİu)U|D COMPOSITION PROFİLE

COMP . 1 i ->

STAGE

l(COND) 0.100680E 00 0-321411E 00 0.577909E 00
2 0.1A67J5E 00 C.398286E 00 0.454978E 00
3 0.190361E 00 0•442740E 00 0.J66899E 00
4 0.235998E 00 0-456971E OU 0. -»U7031E OU
5 0-2934B7E 00 0•440246E 00 0.266267E 00
6 0.388445E 00 O-37R512E OU 0.233043E 00
7 0.4U1759E 00 0.409676E OU 0.1B8565E OU
8 0.419513E ÜC 0.432825E 00 0.İ476&3E 00
9 0.A57ÛJ9E 00 0>432A^lE 00 0.110470E 00

10 C.5982ubE 00 0.330307E 00 0.Zİ4861E-01
11<REö> 0.»989ioE 00 0-789750E-01 0.221072E-01

*»*»• VAPÛR composiiion profile •

COMP.I 2 i

stage

l(COND) 0•64112UE-01 0-240380E ou 0.C-9551CE UJ
2 0.10068uE 00 0.321R12F 00 0.377910E 00
3 0.135221E 00 0.37<»067E 00 O.AO5713E Ou
4 0.167940E 00 0-412407E 00 0.419654E Ou
5 0.2Ü2168E 00 0.423Ü8ÜE 00 0.J74754E Ou
6 0.245284E 00 O.41O535E 00 0.A44181E uu
7 0.26072İE 00 0.453490E ou 0.285785e UJ
8 0.277367E 00 0.492446E 00 0.230187E Ou
9 0.299559E 00 0.52138ÜE ou 0.179060E uu

10 0.346A87E 00 0-520934E 00 0.132568E Oü
ll(REb) 0-522894E 00 0.393196E 00 0.838310E-•U1

*»»«*

COMP.

RELAT1 ve VÜLATİLIİY

1

PROFİLE • • • • •

2

r.
3

STAGE

1(COnDI 0.IUOOûuE 01 0.117446E 01 0.İ88996E 01
2 O.lOOCuuE 01 T .117614E 01 O.185125E Ul
3 0.lüOOuuE 01 O-12O531E 01 0.186367E 01
4 0.lUOOuuE 01 0 ■ 126821E 01 0.AV2Û73E Ul
5 0.IUOOjuE 01 0.139509E 01 0.204319e Ul
6 0.lÛOOoüE 01 0-171763E 01 0.233890E 01
7 O.luOOoOE 01 O-17O572E 01 0.233S42E Ul
8 0.1ÜOOOOE 01 0.172080E 01 0.235Z77E 01
9 O.lUOOoUF 01 0.183938E 01 0.247307e 01

10 0.İUOOuuE 01 0-272235E 01 0.J20133E 01
11(Rtb) O.lUOOui'E 01 0.855614E 01 0.Uİ1755E ul

PROÖLE‘1 sol ve d


