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ABSTRACT

This study investigated the behavior of the enhancement factor 

with respect to the reciprocal temperature for He-CgHg, He-Kr, 

Hg-CgHg and Hg-Cgsystems. A computer program was written 

to compute the enhancement factor with equations employing vi- 

rial coefficients. The systems He-C^Hg, He-Kr, Hg-CgHg and 

Hg-CgHg were tested in the temperature ranges 95.0°K - 230.0 °K, 

100.0°K - 150.0 °K, 323. One- 523.0%, and 83.0% -255.0 °K,respec­

tively. The pressure range was 0 to 150 atmospheres for all the 

binary systems mentioned.
The enhancement factor plotted against reciprocal temperature 

shows a minimum near the boiling point of the heavy component 

in the He-CgHg, He-Kr and Hg-CgHg systems. The H^-C^H^ was 

tested with twelve isotherms and no minimum was obtained, which 

is in agreement with the experimental work reported by Hiza,

Heck and Kidnay [19] .

The minimum in the enhancement factor versus reciprocal tempe­

rature plot was determined to be due to the enhancement factor 

equation term, 2y1 Bn tt/RT. The solubility of gas in the liquid 

was determined to be a factor in this minimization. In systems 

where the solubility in the liquid phase is a factor, the mole 

fraction of the heavy component should be considered in the 

enhancement calculation.

iv



T-2056

TABLE OF CONTENTS

Page

Submittal Sheet---------------------------------- ii

Dedication--------------------------------------- iii

ABSTRACT................................ -....... iv

TABLE OF CONTENTS...............................  v

LIST OF FIGURES.................................- vii

LIST OF TABLES........... -...................... xi

ACKNOWLEDGEMENTS................................  xii

INTRODUCTION ....  1

LITERATURE REVIEW...................... -........ 2

I Condition of Equilibrium ----------------  2

II Expanded Equation for the Enhancement

Factor -----------------------------------  5

III Terms of Enhancement Factor Equation ------  8

A. VIRIAL COEFFICIENT CALCULATION METHODS .......  9

a) Kihara Core Model---------   11

b) Prausnitz and Myers Method  ---------- 13

c) Chueh and Prausnitz Method --------------- 14

d) Goodwin, Roder and Straty Method -------- 17

v



T-2056

Page
B. DETERMINATION OF VAPOR PRESSURE..............  18

C, DETERMINATION OF CONDENSED VOLUME............  20

DATA SOURCES OF FOUR BINARY SYSTEMS..............  22

METHOD AND EQUATION SOURCE OF FOUR BINARY SYSTEMS - 24

COMPUTER PROGRAM.................................. 26

RESULTS AND DISCUSSION ...........................  33

CONCLUSIONS....................................... 95

RECOMMENDATIONS ..................................  96

NOMENCLATURE.............................. -...... 97

VARIABLES DEFINITION IN THE COMPUTER PROGRAM.....  101

REFERENCES........................................ 104

APPENDIX A Computer Listing---------------------  109

APPENDIX B Kihara Parameter and Coefficients ----  130

APPENDIX C Virial Coefficients for Four

Binary System-------------------------  133

vi



T-2056

LIST OF FIGURES

Figure Page

1 Flowchart of Main Program "PHASE"-------------   27

2 Flowchart of Subroutine "NAPO"-----------------  28

3 Flowchart of Subroutine "PIPA" ------------------ 29

4 Flowchart of Subroutine "LIRA"------------     31

5 Enhancement Factor Versus Pressure of Hg-CgHg
System------------------------------------------- 49

6 Enhancement Factor Versus Reciprocal Temperature
Hg-CgHaSystem - - - - - - - - - - - - - - - -  —  50

7 Enhancement Factor at Reciprocal Temperature Us­
ing Expanded Equation (17) and Reduced Equation 
(18) of He-CgHe System.
Pressure = 30.0 Atmospheres-----    — --- 51

8 Enhancement Factor at Reciprocal Temperature Us­
ing Expanded Equation (17) and Reduced Equation 
(18) of He-CgHg System.
Pressure = 60.0 Atmospheres----------------------  52

9 Enhancement Factor at Reciprocal Temperature Us­
ing Expanded Equation (17) and Reduced Equation 
(18) of He-CgH@ System,
Pressure = 100. Atmospheres-------------------- 53

10 Enhancement Factor at Reciprocal Temperature Us­
ing Expanded Equation (17) and reduced Equation 
(18) of He-Kr System.
Pressure = 60.0 Atmospheres ----------------- 54

11 Enhancement Factor at Reciprocal Temperature Us­
ing expanded Equation (17) and reduced Equation 
(18) of He-Kr System.
Pressure = 100. Atmospheres-------------------- 55

vii



T-2056

Figure Page

12 Enhancement Factor at Reciprocal Temperature Using 
Expanded Equation (17) and Reduced Equation (18) of 
Ha-CgHe System.
Pressure = 60.0 Atmospheres----------------------  57

13 Enhancement Factor at Reciprocal Temperature Using 
Expanded Equation (17) and Reduced Equation (18) of 
Hg-CgHg System.
Pressure = 100. Atmospheres----------------------  58

14 Enhancement Factor at Reciprocal Temperature for
Hg-CgHg System.------------------------------------ 59

15 Comparison of "Phimixture", "Phipure” andMPoynting
Correction”for He-C2Hg at 30.0 Atmospheres--------  61

16 Comparison of "Phimixture", "Phipure" and "Poynting
Correction" for He-CgHg at 60.0 Atmospheres--------  62

17 Comparison of "Phimixture", "Phipure" and ̂ Poynting
Correction" for Re-C^Rg at 100. Atmospheres--------  63

18 Comparison of "Phimixture", "Phipure", and ̂ Poynting
Correction"for He-Kr System at 80.0 Atmospheres  64

19 Comparison of "Phimixture", "Phipure”, and "Poynting
correction"for He-Kr System at 100. Atmospheres  65

20 Comparison of "Phimixture", "Phipure", and "Poynting
Correction"for H^-C^H^ System at 80.0 Atmospheres-- 66

21 Enhancement Factor at Reciprocal Temperature Dele­
ting Third Virial coefficients at 60.0 and 100. At­
mospheres ----------------------------------------- 68

22 Enhancement Factor at Reciprocal Temperature Dele­
ting Y .̂ and Terms at 100.0 Atmospheres--------  69

23 Enhancement Factor at Reciprocal Temperature dele­
ting Y^, Y^, and Y^ Terms at 100. Atmospheres  70

viii



T-2056

Figure Page

24 Enhancement Factor at Reciprocal Temperature 
deleting all the Terms with Y-j Except the Term
2Y-J tt/RT, at 100.0 Atmospheres---------------  71

25 Enhancement Factor Versus Reciprocal Temperature
in the He-CgHg System from Equation (17) with and 
without E3 Term. --------------------------------  72

26 Enhancement Factor Versus Reciprocal Temperature 
in the He-Kr System Deleting Third Virial Coeffi­
cients and E3 Term at 100.0 Atmospheres--------  73

27 Enhancement Factor Versus Reciprocal Temperature
in the H^-C^H^ System Deleting Third Virial Coe­
fficients and E3 Term at 100.0 Atmosphere------  75

28 Plot of MPhimixture” for the He-C^H^ System from 
Equation (18), and Equation (17) with and without
E3 Term at 60.0 Atmospheres--------------------  76

29 Plot of ”Phimixture” in the He~C^H^ System Using 
Equation (18), and Equation (17) with and without
E3 Term at 100.0 Atmospheres-------------------  77

30 Plot of ”Phimixture” in the Hg-CgHg System Using
Equation (17) with and without E3 Term at 100.0 
Atmospheres  --------------------     78

31 Enhancement Factor in the H^-C^H^ System Versus 
Reciprocal Temperature Using Equation (17) with
and without E3 Term at 100.0 Atmospheres -------- 79

32 Plot of Mole Fraction of Heavy Component Versus
Temperature in the He-CgHg and Hg-CgHg System at 
100.0 Atmospheres  -------------------------- 81

33 Enhancement Factor and Mole Fraction of light
Component Versus Reciprocal Temperature in the 
CHj-nCyHe System at 1500 psia------------------  82

34 Plot of Mole Fraction of Heavy Component Versus
Reciprocal Reduced Temperature Using Classical 
Critical Temperature for all Systems at 100.0 
Atmospheres------------------------------------- 83

ix



T-2056

Figure Page

35 Plot of Enhancement Factor, Reciprocal Vapor
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INTRODUCTION

The study of systems composed of light and heavy binary mix­

tures has importance in extreme ranges of processing, such as 

cryogenics and high pressure aromatic hydrogenation.

The purpose of the work presented here is to investigate the 

existence of the minimum enhancement factor on an isobaric 

plot at reciprocal temperature of several light-heavy binary 

systems.

According to Hiza-Duncan [1], the minimum enhancement factor 

-'may be unique" for the He-CgHg system. This work was done 

to determine the cause of the enhancement factor minimization 

for the He-CgHg and to determine if this minimization could 

be predicted for other systems.

A better understanding of the minimum in the enhancement factor 

in binary systems could produce an improvement in better pre­

diction of separation of the heavy component from the light 

component.
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LITERATURE REVIEW

I. Condition of Equilibrium

The condition of equilibrium for a solid-vapor and liquid 

vapor system may be written in terms of fugacity:

r - f - r
a )

The variables are defined in the "Nomenclature" section.
r<-

For a component in a liquid solution the fugacity Jj can be 

exnressed as:
f - x . T r f :  « )

The standard state jj is a property of pure "i" when the 

activity coefficient reference state is 1.0 for the pure 

liquid.

The fugacity of component "i" in a binary system can be ex­

pressed in terms of volumetric behavior [lo] as follows:

n

or as
71

IdTT rx

(d V \ - RT
id Hj jT/V.Hj

d V - l n Z  (3)

7t
drf (4)

Making the assumtion of Xi = 1. and solving the equation (-0,

the fugacity of cure solid

in
."&I R-

can oe written as
'71

1

p:
Vis fl-jd/T C5) 

71 J
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If the effect of pressure on the volume of the solid is 

neglected, the equation (5) may be written as

'  = p; 0 "  e x  p [  Vf ( 7T- fD° ) /  r t ]  (6 )

Where the fugacity coefficient, Ç ).0 , of component "i" at 

its saturation pressure, n0 is
rP

n - .................... - - R T
R T

V; - dTT (7)
IX

The standard state fugacity of the liquid equals the liquid 

fugacity for the pure liquid and may be obtained from equa­

tion (6) as

j j  = F f0 °e xp [V i (7T -P ” ) / r t ]  (8)

Where the solubility in the liquid phase can not be neglected 

the equation for the fugacity of component "i" in the liquid 

becomes

f  = ?r X F?0; e x p [v, ( /-r - F p / r t ]  (9)

In equation (8) and (9) two corrections are applied. First 

the pure component fugacity coefficient (p° corrects for de­

viation of the saturated vapor from ideal gas behavior. Se­

cond, the exponential correction called "The Poynting corec- 

ticnM, expresses the effect of pressure on the fugacity of so­

lid phase.
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Similary the fugacity of the component 'i" in the vapor phase

is

j. = Çi) '-rY; (10)

The 0. can be expressed by equation (3) or (4).

The enhancement factor,£ , can be obtained by equating equa­

tions (6) and (10)
TTtj

e =
p°i

çb/é.) e x p  [V, (7T-fCVrt] (11)

Combining equations (9) and (10) when the solubility of liquid 

phase can not be neglected and making the equation for the

enhancement factor becomes :

TTYi
p -

X i  < # / < # )  e x  p  [ VjS( 7T - pi°) /rt] ( 1 2 )

or

n E ) = | n ( ^ j  = InXi + In (6 °+ V s(7T-P;)/rt - In Ô-, (13)
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II. Expanded Equation for the Enhancement Factor.

To integrate either equation (2) or (3) requires a good 

equation of state which has been proven satisfactory in pre­

dicting data for non ideal binary mixtures. The virial equa­

tion of state sastifies this condition and can be expresses 

as an equivalent pressures series:

p v / r t  = i + b 't t + c’n2 *.. e u )

w h e re  B , =  S / R I  and  

C ' = ( C -  B 2 ) / (  R T )2

The virial equation of state has a sound theoretical back­

ground and demands no assumptions other than that the density 

is low enough for convergence. In extending the virial equa­

tion of state to mixtures the following mixing rules apply

n n
B n,,, =  ^  V  Yi Y j  B i j

i r l  j-1

C m i, Yl Y ‘ Yk CiJk (1 6 )
i=1 j-1  k=1

Solving equation (4) and (5) using the virial equation of 

state,substituting for 01 and 0 j in equation (7) and rear­

ranging, the enhancement factor can be expressed as follows [ lô j  :
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lnC€) = V1’ (? r -p ° ) /R T - B , iP 1° /R T  -(1 - Y ^ B h -t /R T *  ^ C m - S * /^(RT5*

♦(S2a-2Btt) Y22V rt »pr2/2(RT)2] [-3Y22C122-6Y1Y2C112 -3Y2CUni

* Yŝ Caaa* 4 ai2E22) ♦ Y, Y22(6C,22̂ 4 Bn E22* S S?2 )

Y2Y2(123„B,2-6C,i2) * Y13(4=2 ♦ 2Cm)'Y:(32A )

Y, Y2 (12 B.jBzj) - Y,2 Y2 (6 Bn 3 22- 12 B,2 ) - Y,3Y2 (12 Bn B,2 )

-  Yn4 (3 Bn ) (17)

Equation (17) is described as "the Expanded Equation" in 

this work. The concentration of the condensable (component 1) 

in the vapor phase, for the solid-vapor equilibria, is very 

small. Therefore, in a binary mixtures when y1 approches 

zero, y2 approches one and equation (17) can be reduced 

to the form: jlo]
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!r,(f) = % ' ( - r - p n / R T  + Ey,P?/RT  ̂

- (622"2 3i2) 71 /RT " r  /2 (2/orR-)2

( C m  -  r 2 K  )  j /  2  v - t  i y

3 Ci22* 30222’ ̂ Ei2C'22

-3 822 (IB)

Equation (18) is described as "the Reduced Equation" in this 

work.
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III. Terms of Enhancement Factor Equation.

The terms in equation (17) for the enhancement factor 

were divided into three groups. The first term VjS (7r-Ĵ )/RT 

defined as the "Poynting Correction" [lô] and expresses the 

effect of pressure on the fugacity of the condensed phase.

The second group of terms is :

BhP°/RT+ (Cm - B?1 ) (p” f /2 (RT)2 which is classified
as the logarithm of the fugacity coefficient for the pure 

component and is called "Phipure" in this work. The remaining 
terms in equation (17) were classified as the negative lo­

garithm .of the fugacity coefficient for component "1" in 
the mixture and is called "Phimixture" in this work.
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A. Virial Coefficient Calculation Methods.

Virial coefficients of gases can be calculated from statisti­

cal mechanics, if the intermolecular potential between the 

molecules is known. The Lennard-Jones (6-12) intermolecular 

potential function is one model which has been widely used to 

describe the potential energy between nonpolar molecules.

The major assumption is that the molecules are point centers 

whose force fields are spherically symmetric. This limits 

its application to very simple molecules. Even for simple 

molecules the representation is accurate only for restric­

ted temperature ranges [21] .

Kihara [ll] has improved the Lennard-Jones potential by re­

placing the point center model with an impenetrable core 

whose dimmensions are suggested by the geometry of the mole­

cules. He retains the mathematical form of Lennard-Jones 

potential but the potential energy is now written, not a 

function of distance between molecular center, but rather as 

a function of the minimum distance between the cores.

Prausnitz and Myers [6] described a method for calculating 

the second cross virial coefficients using the Kihara poten­

tial equation for mixtures. This method was used for all
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binary systems considered in this work.

A second method that was used in this work to calculate the 

virial coefficient was presented by Goodwin, Roder and Straty 

[4 ] which provides a very accurate fit to the second virial 

coefficient data for ethane [4 ]. The other method which was 

used from Goodwin, Roder and Straty [4] was for the calcula­

tion the third virial coefficient. Both methods are used for 

pure fluids only.

Little attention has been given to the third virial cross coe­

fficient due to experimental difficulties, and the theoretical 

calculation using potential energy functions are tedious, for 

this reason good data or calculation for the third virial cross 

coefficient are scarce. However Chueh and Prausnitz [7] have 

presented a correlation of the third virial cross coefficients.

Hence there are four methods that have been used in obtaining 

the virial coefficients in this work :

a) Kihara core model [ll]

b) Prausnitz and Myers [ô]

d) Goodwin, Roder and Straty method [ 4j 

These methods are discussed in detail in the following subsection.

c) Chueh
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a) Kihara core model.

Kihara retained the mathematical form of Lennard- 

Jones potential. The potential energy is given by the 

following relation [o]

P. 16‘u  = u< £ l 1 2 - 2\P P (19)

Using the potential energy given by equation and the methods 

of statistical mechanics Prausnitz and Myers [ ô] derived the 

second virial coefficient as

—  = -^■7TPc F3 * M o P?F2N
So* (20)

,c 4 r r

The parameters Mo, So, and Vo may be calculated directly 

from the size and shape of the core. Most of the parameters 

Mo, So, and Vo were taken from the predicted values of Pra­

usnitz and Myers [ô] ( see table B1 ) with one exception.

For Cç Hq these parameters œ r e  not available in this litera­

ture and were obtained from the work by Brainard and Williams

[22].

The three functions F-j ,F^ and F3 have the argument Z (where 

Z = U»/kl) and may be obtained from relations given by Kihara

[ll] :
(21)r« =

tro
For s = 1, 2,3
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In order to obtain the values of F; were used the coeffi­

cient bV (see table B2 ). In this thesis the calculation 

of second virial coefficient for He and H^ were made without 

quantum corrections and satisfactory agreement of the data was 

obtained.
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b) Prausnitz and Mvsrs Method

The second virial cross coefficients were calculated by 

the method reported by Prausnitz and Myers [ô]. Basically 

this method is the Kihara model used for gas mixture. The 

equation is:

Where Fi , Fg, and F3 are functions that now depend on 

( (Joij /kT) but are the same function as in equation (20). 
Of course equation (22) reduces to equation (20) when

the pure component, Uoij and p 0ij are required. The latter 

parameters, characterizing the potential function for in- 

teration between unlike molecules, may be obtained from the 

semiemperical rule :

Parameters for the equation (22) are given in Table B1 

for all of the systems considered in this work.

N̂ oi Soj ̂  Sot (22)

i z j . In order to calculate Bij the core parameter for

&i= 1 l2(Poi * Pej) (23)

(24)
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c) Chueh and Prausnitz Method,

The third virial cross coefficient was calculated using 

the method of Chueh and Prausnitz [?] and this method is 

used for all binary systems considered in this work. The 

third virial coefficients are divided by Vc and are plotted 

against the reduced temperature Tr, using a procedure esta­

blished by Chueh and Prausnitz [?]. The reduced third virial 

coefficients are given by generalized function :

and Tr = T/Tc

Equation (25) provides a useful correlation for reduced 

temperature between 0.3 and 1.75 and contains a parameter "d" 

which is some measure of the polarizability, size and shape of 

the molecule. The deviation function was determined by Chueh 

and Prausnitz [7] to be;

_ n - . '2 .4 8 -  2 . 3 T r - 2.7 TV (27)
Vc
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The expression reported by Chueh and Prausnitz [?] 

to calculate the effective critical temperature is:

T e r - J ^ r  (28)
1 *

Where Tc° is the classical critical temperature, that is, 

the effective critical temperature in the limit of high 

temcerature. The effective critical volume is eiven by :

Vc = <29>
1 +7nT'

Where V?is the classical critical volume.

The third virial coefficient of a mixture of N components 

is exactly related to the mole fraction Yj , Yj ,Yi< ,  by: I 7 j
n n n

= Vi "fi Y< Cijk (16)
i=1 j-1 k=1

For a binary system equation (16) becomes: !_7j

0  = Y,3 C m  * 3  Yi2 Y2 C 1ia * 3 Y  vrCi22 * Y f  C 222 (30)

Ivhere C m  and C 222 are the third virial coefficient for 

the component "I" and ” 2" and the cross coefficients V 112 

and C 122 can be calculated from the equation:

' ./-s Z-N ''7/3 x( j k  ”  x  i j V ,  j ^  j ̂  , ( 3 1 )
Thus, the cross coefficient can be written as

C n 2 =  ( C n  C 12C 12)  ̂ (82)
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°r C n 2 = (Cntih)1'3 03)

and 1/3
Cl22 - ( Ci2 Ci2C 22  ̂ (34)

c 122 = (c 22c 1!)V3 05)

Ivhers Cn is the same a s C m  and C 22 is the same as C 222 

The coefficient G |-2 is calculated from the equation

ifc (T/’ci,Cii = V^jfe ( T/lci dij ) (36)

r ^and Icij is calculated from | 7 j

V T . , J . i  (1 - kij ) (37)V  ̂ ei . (1 ” kjj )

can be calculated from: [7

Ve?= 1/2(vY3+ V 1'3 ) (38):i v cj /

Equation (36 ) is the same as equation (25 ) but equation (36) 

is used for binary systems.
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d) Method of Goodwin, Roder and Straty for pure virial coeffi­

cient of Ethane.

Goodwin, Roder, and Straty have formulated and demostrated 

[4 ] an accurate empirical equation for determining the second 

virial coefficient of ethane using

Bn= 0.552671 -1.106244/x -0 . 592947/z2 -0.041944/X4-5

Where X -  T/le

Third virial coefficients of ethane were calculated by the 

method of Goodwin, Roder, and Straty [4] as:

Cni= 0.244423/r + 0.832530/X3+ 0.534880/r5 1 -  To/ I (40)

Where X  = T/Tc



T - 2 0 5 6 18

B.   D e G e r m i n a t i o n   o f   V a p o r   P r e s s u r e .

I n   t h i s   w o r k   t h e   v a p o r   p r e s s u r e   o f   e t h a n e   w a s   c a l c u i a -  

f r c m   t h e   e q u a t i o n   d e s c r i b e d   b y   G o o d w i n ,   R o d e r ,   a n d   S t r a t y

M :

l n ( p ° ) =   - 1 1 . 3 8 9 9 6   +  1 8 . 8 4 5 2 2  A   -   7 . 6 3 5 4 1 ̂ +   5 . 4 2 8 4 4  M 2   (41)

-   1 . 3 6 2 3 2   ,u3  +   0 . 7 6 9 2 4  p ( l . - i u ) 1 '3

A =  (1  -  I t / t ) / ( 1  -  1:/ i c )  ( 4 2 )

/ i = ( T - T ,   / / ( T c - ' H )   (43)

G o o d w i n ,   R o d e r ,   a n d   S c r a t y  [4  ]  h a v e   s h o w n   t h a t   t h i s   m e t h o d

o f   c a l c u l a t i n g   o f   v a p o r   p r e s s u r e   o f   e t h a n e   a g r e e s   w e l l   w i t h  

e x p e r i m e n t a l   w o r k   ( a v e r a g e   d e v i a t i o n   1%) .

T h e   v a p o r   p r e s s u r e   o f   b e n z e n e   w a s   n o t   g i v e n   i n   t h e   v a p o r -

|\,1
l i q u i d   e q u i l i b r i u m   d a t a   r e p o r t e d   b y   C o n n o l l y  i_  j  .   T h e r e  

a r e   s e v e r a l   e q u a t i o n   for   the   c a l c u l a t i o n   o f   v a p o r   p r e s s u r e  

u s i n g   t h e   t w o   p a r a m e t e r   c o r r e s p o n d i n g - s t a t e s   m e t h o d .   To   a c h i -

e v e   a   g r e a t e r   a c c u r a c y ,   s e v e r a l   i n v e s t i g a t o r s   h a v e   p r o p o s e d  

t h r e e   p a r a m e t e r   f o r m s .   T h e   P i t z e r  [l7j   e x p a n s i o n   is   o n e   of   th e  

m o r e   s u c c e s s f u l

:   ,=   %   r (3' _ ,   v
!   "   ;  '  vgr)=   |   v ,  w   I   \   .   r  y  ( 4 4 )

aoi  rfi)
T h e   f u n c t i o n s   7   a n d   *   h a v e   b e e n   t a b u l a t e d   o v e r   w i d e   r a n -
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ges of reduced temperature and have been expressed in ana­

lytical form by Lee and Keslerjl?

(0)

as follows.

fi
| = 5 . 9 2 7 - 2 8 8  InTr + 0 . 1 6 5 3 4 7 Tr® (45)

*"d
's  15-25 18  -  1-5 ! 8 -? - 1 3 . 4 7 1n.Tr.* 0 . 4 3 s T r  (46)

The acentric factor for equation (53) was calculated by 

the equation of Lee and Kesler [ij] and yields values of 

very close to these selected by Passut and Danner [23] 

The equation for the acentric factor is :

- I n R  -  5 . 9 2 7  » 6 - 0 9  6 4 8  ^  1 .25861(1 S ~ 0 - 1 6 9 3  & ( 4 7 )
OJ -

15 2 5 - 1 5 . 6 8 7 5 P " 1- 1 3 . 4 7 2 1  Jf^fl » 0 .  4 3 5 7 ^

Where _ t
= Th /T,P = lb/ ic

The vapor pressure of Kr was taken from the values re-
r 'ported by Bowman !L9j.
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C .   D e t e r m i n a t i o n   o f   th e   C o n d e n s e d   V o l u m e

T h e   d a t a   fo r   v o l u m e   o f   b e n z e n e   w a s   a l s o   n o t   a v a i l a b l e  

i n   t h e   e x p e r i m e n t a l   w o r k   r e p o r t e d   b y   Conn oll y.   T h i s   v o l u m e  

c a n   b e   c a l c u l a t e d   a c c u r a t e l y   b y   th e   G u n n   a n d   Y a m a d a   m a t h -  

o d  [l?].

T h i s   e q u a t i o n   is  :

^   =   \Zr  (1  - C ü < p )   ( 48 )
Vsc

V i s   th e   l i q u i d   s p e c i f i c   v o l u m e , V s c   is   a   s c a l i n g   p a r a m e -

t e r   w h i c h   is   d e f i n e d   i n   t e r m s   o f   the   v o l u m e   at   T r - 0 . 6 .

I f   the   v o l u m e   at   0. 6   is   n o t   a v a i l a b l e ,   th e n   the   v a l u e s  

of   Vsc   c a n   be   e s t i m a t e d   by

Vsc  =   — £“ - ( 0 . 2 9 2   - 0 . 0 9 6 7 6 V  )   ( 4 9 )
Ic

o  is   c a l c u l a t e d   b y

(if   =   0 . 2 9 6 0 7 - 0 . 0 9 0 4  5  Tr  - 0 . 0 4 8 4 T r2  ( 50 )

T h e   v a l u e s  Vr°  is   f u n c t i o n   o f   r e d u c e d   t e m p e r a t u r e   a n d   c a n  

be   c a l c u l a t e d   by:

V r ° =   0 . 2 3 5 9 3 - 0 3 3 9 5 3   ,r   r  1  5 1 9 4 1   i  f2-2   0 2 5 1 2  :r3  ”  1  1 1 4 2 2   :  T   ^ ^ )
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Substituting the values o f ÿ , V r  and Vsc into the equation 

(48) yields the volume of benzene.

The data for the condensed volume of ethane were taken from 
r iZiegler et al |_3 J. The data for condensed volume of Kr were 

taken from Cook [lo] .
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DATA SOURCES OF FOUR BINARY SYSTEMS

Table 1 reports the data source for the He-CgHg, He-Kr, 

l^-CgHg, and Hg-CgHg systems.
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METHODS AND EQUATIONS SOURCES OF FOUR BINARY SYSTEMS

The methods and equations used to obtain the different 

values of virial coefficients, vapor pressure and con­

densed volume have been described previously but they 

are tabulated in Table 2.
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COMPUTER PROGRAM

A computer program ”Phase" was designed to compute the enhan­

cement factor from equation (17) derived by Robinson-Hiza 

[lb] . It is described in the flow chart in Figure 1 and 

the program listing with the subroutines is in appendix A. 

Basically, the computer program was applied for the He- 

CaHg, He-Kr, Hg-CgHg, and H^-C^H^ systems. The computer 

program differed slightly for each system because different 

experimental data were used; therefore it contains four * 

parts: the main program and three subroutines.

The virial coefficients are calculated in three subrouti­

nes. The first subroutine is called "Napo" and calculates 

the second virial coefficient for He,H2,Kr,and CeHg.This 

subroutine applied the equation derived by Kihara and used 

the function Fj ,F̂  , and F3 of Kihara model fll] „ The flow 

chart for this subroutine is in Figure 2. The second sub­

routine " Pipa " calculates the second cross virial coe­

fficients for all the binary systems and used the method 

described by Prausnitz and Myers [b]. Essentially this me­

thod is the same as the Kihara, however, it includes pseu- 

docritical parameters.The flow chart is shown in figure 3.
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FIGURE No. I

System
Selection

Read the 
experimental 

data
Read the 

experimental 
data

Read the 
experimental 

data

Calculation of Calculation of

^Subroutine
"NAPO"

Subroutine
"PIPA"

Subroutine 
! "LIRA"

Calculation of 
Enhancement 

FactorSystems :
1 He-CgHg
2 He-Kr
3 Ha-C^Hg
4 Rg-CgKg Print the 

Results.

End

MAIN PROGRAM "PHASE"
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FIGURE No . 2

Scare

No

Yes

No N>9

Yes
Print the 
Bli values Return

Evaluates
2 =Uo/kT

Input data 
UK v

Calculates the 
values of: 
ii 1̂ 2 > and F3

Calculates the 
B11 values 

from equation(20)

SUBROUTINE "NAPO”
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Start

No K>  40

Yes

No

es

Print the 
Bij values Return

Evaluates
Zi j = UoifÆ*

Input data 
V»i, V»i.

Evaluates
R.Fs .Fs,

Calculates the 
Bij values 

from equation (22)

SUBROUTINE "PIPA"
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The third subroutine M Lira " illustrated in Figure 4 calcu­

lates the third virial cross coefficients for all the systems

mentioned before and was described by Chueh and Prausnitz [ 7_j.
r  iIn the main program the Goodwin, Roder and Straty[ 4j equations 

were used for He-QzHg and H2-C2H5 systems in order to calcu­

late the second and third virial coefficients and the vapor 

pressure of ethane. In the H2-C6H5 system equation (57) of 

Gunn and Yamada [17] was used for the calcualtion of the volu­

me of condensed component. Equation (56) of Lee and Kesler 

was used for calculation of acentric factor of benzene.

The third virial of CgHe and Kr were taken from the me­

thod of Sherwood and Prausnitz [12] using Kihara model and 

were input data in the computer program.

The third virial coefficients of He were taken from Hol- 

born and Otto as reported by Dymond [5] and these values were 

also input data to the computer program in the main part.

The third virial coefficients of H2 were also input data and 

were determined from Bird,Spotz and Hirschfelder [Is] .

The remaining input data in the main program consisted of

1) Total pressure

2) Temperature

3) Mole fraction of the heavy component

4) Critical contants.
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FIGURE No. 4

Input data 
Têi Tè? »j <i<jC1C2
WiVc°i

Calculation of:
TejJeiiJrij.Wj Wij

Calculation of:
i

Cii CijkCiik

No

Yes

Print Value 
of:
Cü 011,0 »̂

SUBROUTINE "LIRA"
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The first three of these were taken from the experimental 

work of each system, and last was taken from Smith and 

Van Ness [24] .
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RESULTS AND DISCUSSION

The enhancement factors were calculated for the He-CgH^, 

He-Kr, H^~C^H^ and H^-C^H^ systems. These values are ta­

bulated in table 3, 4, 5, and 6 respectively.

The predicted values for He~C^H^ are given in the table 3. 

These values for the enhancement factor are in good agreement 

with those predicted by the experimental work. Hiza and Dun­

can [1] indicated that the values of the enhancement factor 

show an average deviation of 4% from the values predicted

average deviation of 4.65% in the 230.0 °K, 200.0°K, 170.0 °K 

and 150.0 °K isotherms as shown in Table 3.

The predicted values of the enhancement factor are in good 

agreement with those values of Hiza and Duncan [ l]. The de­

viation in the results of the enhancement factor could be 

due to use the second virial cross and third virial cross * 

coefficients which were obtained by theoretical rather than 

experimental means. The calculated values of the second vi-
r 1rial coefficients by the method of Prausnitz and Myers [6j 

are in good agreement with the experimental data of other 

works [25, 26, 27, 23] ; however such a comparison cannot be

The values predicted in this work show a mean
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done for the third virial coefficients due to the lack of 

availability of experimental data in the very low .tempera­

ture regions.

The predicted values for the He-Kr system are tabulated in 

Table 4. These values are in good agreement (average devi­

ation = 2.07%) with the experimental values reported by Kidnay, 

Miller and Hiza . In this system the values of the enhan­

cement factor were calculated using equation (13) which yielded 

little difference with the values calculated by Equation (11) 

as shown in Table 4. The deviation increases as the pressure 

increases.

The values of the enhancement factor for Hg-CgH^ system are 

reported in Table 5. The values calculated from Equation (11) 

are in good agreement (average deviation = 3.9%) with the ex­

perimental work but the values calculated from Equation (13) 

are in better agreement (average deviation = 3.7%) with those 

reported experimentally.

The values predicted for Hg-CgHg are tabulated in Table 6. In 

general the data at 186.0 K, 227.6 K and 255.38 K were read

data; this led to a greater deviation from that predicted 

(average deviation - 3.67%). The predicted data for the other

from the graph due to the inavailability of tabulated
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isotherms are in good agreement (average deviation = 4.7%)

mental values of enhancement factor of the are plotted

against pressure and are compared with the calculated values 

of this work in Figure 5 for three low temperature isotherms. 

In the same way experimental values of the enhancement factor 

are plotted against reciprocal temperature and compared with 

the predicted values of this work at pressures 140.0,80.0,and 

30.0 atmospheres in Figure 6.

The temperature dependence of the enhancement factor for the 

He-CgHg system predicted by the expanded equation (17) and 

the reduced Equation (18) are compared in the Figures 7,8, 

and 9 at 30.0,60.0,and 100.0 atmospheres respectively. For 

the He-CgHg system the expanded Equation (17) clearly shows 

a minimum enhancement factor near the normal boiling point of 

ethane (184.52 °K), while the reduced Equation (18) predicts no 

minimum. This indicates that the minimum is a function of Yi .

The values of the enhancement factor plotted against recipro­

cal temperature for He-Kr system, using the Equation (17) and 

(18), are plotted in the Figures 10 and 11 at 60.0 and 100.0 

atmospheres. Equation (17) shows a minimum value for the 

enhancement factor near the normal boiling point of Kr

with those published by Hiza, Heck and Kidnay Experi
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FIGURE No. 5
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FIGURE No. 6
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FIGURE No. 7 
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FIGURE No. 8
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FIGURE No. 9
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FIGURE No. 10
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FIGURE No. 11 
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(116.4 °K) while the reduced Equation (18) again predicts no 

minimum.

The enhancement factors calculated from Equations (17) and 

(18) for the system Hg-CgH^ are shown in Figures 12 and 13 

at 60.0 and 100.0 atmospheres. A minimum near the normal 

boiling point of CgHg is shown in both figures. Few experi­

mental data are available for temperatures below 80.0 °C for 

the system Hg-CgHg. The data reported by Ipatieff '[zs] ,Teodoro- 

vitch, Brestkine and Artemovitch were obtained at very high 

pressures, between 200.0 and 3000.0 atmospheres ; the large de­

viation appearing in the predicted values from their data li­

mit the application to the present study.

A minimum value of enhancement factor of Hg-CgHg is not appar­

ent when the enhancement factor calculated from Equation (17) 

is plotted against reciprocal temperature (see Figure 14).

Nine isotherms of Hiza, Heck and Kidnay [l9] and three iso­

therms of Williams and Katz [20] were used to investigate the 

existence of a minimum enhancement factor.

The first step in the determination of the terms that cause a 

minimum in the enhancement factor predicted by the "expanded 

equation" was to study the variation of the "Poynting correc­

tion", "Phipure" and "Phimixture" with the reciprocal temper-
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FIGURE No. 12 
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FIGURE No. 13
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FIGURE No. 14
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ature. For the He-CgHg system shown in Figures 15, 16, and 

17. The ”Poynting correction” and ”Phipure” ascend gently 

and the ”Phimixture” term minimizes near the normal boiling 

of ethane (184.6 °K).

The analysis suggests that one or more terms in the "Phimix­

ture” are responsible for minimum enhancement factor. The 

same analyses mentioned for the He-CgHg were done for the 

He-Kr system as shown in Figures 18 and 19. These figures 

show a similar behavior to the He-CgHg system.

For the Hg-CgHe the "Poynting correction, "Phipure” and "Phi­

mixture” were plotted versus the reciprocal temperature and 

are shown in Figure 20. The "Poynting correction” and "Phi­

pure” have the same behavior as that shown in Figure 17 for 

the He-CgHg system. Figure 20 shows that "Phimixture” is 

curved upward in contrast to the behavior of the He-CgHg sys­

tem. This also suggests that the terms that are responsible 

for the minimum enhancement factor are in "Phimixture”.

Equation (17) was analyzed in order to find the terms res­

ponsible for the minimum enhancement factor. The molar frac­

tion of the light component (Yg) was expressed as a function 

of the molar fraction of the heavy component (y1 ) applying
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FIGURE No. 15
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FIGURE No. 16
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FIGURE No. 17
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FIGURE No. 18
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FIGURE No. 19
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FIGURE No. 20
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the equation Ya® 1 - Y i.

The first set of terms deleted from equation (17) were the 

terms carrying the third virial coefficients. The enhance­

ment factor versus reciprocal temperature are plotted in the 

figure 21 at a pressure of 100.0 and 60.0 atmosphere for the 

He-CfcHg system. The minimum enhancement factor still appears.

In continuing this truncation procedure for the terms carrying 
4  3

Yi and Yi in the "expanded equation" (17) were deleted; the 

enhancement factor still shows a minimum with respect to the 

reciprocal temperature as in Figure 22 at 100.0 atmosphere. 

Figure 23 shows that the minimum enhancement factor versus 

reciprocal temperature remains even after dropping the terms 

with Yt . The minimum disappears when the terms with Yj are 

removed from the "Expanded equation" (17). In order to in­

vestigate which term with Y* is responsible for the minimum, 

all the terms with Y| were deleted one at a time. Figure 24 

shows the results obtained after dropping all the terms with

Yi except the term 2 Y i BiiTZ^RJ . Therefore the term respon­

sible of the minimum is (1 -Y^BiiTT/rJ or (2Y|- Y? )Bii^/RT 

when Yz is expressed as a function of Yi . In order to test 

this conclusion the term (2Yf Yi2) Bn7r/RT was deleted for 

the He-CaHe, He-Kr and Ha-CsHe systems (see figure 25,26
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FIGURE No. 21
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FIGURE No. 22
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FIGURE No. 23
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FIGURE No. 24
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FIGURE No. 25
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FIGURE No.26
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and 27 respectively). The minimum of the enhancement factor 

for those systems dissapeared in all cases.

Other important analyses for the He-C2H6 and H2-C2H6 was 

carried out. The values of "Phimixture" in the He-CgHe from 

the "expanded equation (17) without the term ( 1 - Y2 

were plotted against reciprocal temperature (see Figures 28 . 

and 29 ) at pressure of 60.0 and 100.0 atmospheres. Clearly 

these plots show that the difference between "Phimixture" in 

the "Reduced" equation and that without the term (1 - ^  ) 

B i i T T /R T  i n  the "expanded" equation doesn't show a signifi­

cant difference.

Figure 30 shows the effect of the values of "Phimixture" of 

the"expanded equation" (17) and that without ( 1 - Yjz ) BuTT/RT 

terms for the H2-C2H6 system do not show a significant 

difference.

The enhancement factor for the H2-C2H6 with the (1 - Ŷ  )Bii 

7T/rT and without this term were plotted against reci­

procal temperature, these two plots do not show a significant 

difference. (figure 31). This doesn't hold for He-CzHg 

system which is evident in the Figure 25. In general this 

analysis shows that term (1 -Y2 )Bii7T/rT has a remarkable 

influence for the existence of the minimum enhancement factor.
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FIGURE No. 27
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FIGURE No. 28
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FIGURE No. 29
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FIGURE No 30
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FIGURE No. 31
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The mole fraction of the light components.in liquid phase 

( X%) were plotted against reciprocal temperature (see Fig­

ure 32 ) in looking for an answer for the existence of the 

minimum enhancement factor for the systems He-CgHg and Hg-CgHg 

due to the solubility effects. This figure shows the high 

solubility of H2 over He and doesn't show a minimum or maximum. 

Some systems such as CH^-n-CyHig shown in Figure 33, show a 

minimum in enhancement factor closely follow a minimization 

in solubility. Figure 32 indicates that the solubility of 

the light component alone does not cause the enhancement factor 

minimization.

In search of relationship between the solubility of gases and 

minimun enhancement factor, a plot of the molar fraction of 

the heavy component versus reciprocal reduced temperature was 

made. This reduced temperature was calculated by Tp= T/Tcjj 

The critical temperature for the light component were calcula­

ted by the method of Chueh and Prausnitz [_7 ] using equation

(28).

Those plots are shown in figure 34. A marked difference is ob­

served between the slopes of the systems Hg-GzHg and He-C^Hs.

In the same figure all systems that have slopes as steep as or
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FIGURE No. 32
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FIGURE No. 33
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FIGURE No. 34
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steeper than that of the system Hg-CeHg have a pronounced 

minimum enhancement factor. In the Hg-CgHg system, which 

has a much less steep slope, the minimum enhancement factor 

is lacking. In order to clarify the plots of the enhancement 

factor against the reciprocal temperature, plots of reciprocal 

vapor pressure, and Yi 71 versus reciprocal temperature were 

superimposed. These plots are shown in Figure 35 , 36 , 37 , 

and 38 , for the He-CgHg, He-Kr, H^-CaHe and Hg-CgHg systems, 

respectively. These plots show that the curves of the in­

verse of vapor pressure are intersected by the curves of 

near the normal boiling points for the first three systems. 

Figure 38 for the H2-C2 H 6 system presents only a moderate 

intersection; available data do not support an extension of 

the MTT line. While Yl^/[^0 should exhibit a minimum for 

He-CzHa, He-Kr, and H^-C^H^, a minimum is not clearly sug­

gested for H2-C2H6 .

The higher solubility of H2 than He in C2H6 shown in Figure 

32 means that the mole fraction of C^H^ (X1) is smaller in 

the H2-C2H 6 system than in the He-CgHa system. This result 

of this solubility difference was tested by means of equa­

tion (13), where the mole fraction of the heavy component 

should be considered.
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FIGURE No. 35
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FIGURE No. 36
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FIGURE No. 37
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FIGURE No. 38
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The values of enhancement factor obtained from equation (13) 

were plotted against the reciprocal temperature in Figures 

39 and 40. These plots show that the minimum enhancement fac­

tor still exists for the system He-CaHç and that for the system 

H2-C2H6 the curve decreases monotonically as before.

Similar plots are shown for and He-Kr system using

Equation (13) in the Figure 41 and 42 respectively. The mini­

mum for these systems still appears.

If the Yi 7T curve for H2-C2H5 in Figure 37 were extrapolated 

without considering solubility a minimum could be predicted 

as shown in Figure 43.
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FIGURE No. 39
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FIGURE No. 40
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FIGURE No. 41
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FIGURE No. 42
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FIGURE No. 43

0  Experimental data  

cd  Extrapolated values of Y^TT 

^2^2,^6Sy$tem

8 0  atm.

98 106 7

»,
4

100/Temp.(°K)

Enhancement Factor Versus Reciprocal Temperature of Hg-CgHg
System Extrapolating the Values of Y-j from Experimental Data



T-2056 95

CONCLUSION

In the systems for which liquid solubility is not a factor, 

the term 2Y-j Butï/RT causes the minimum enhancement factor 

at reciprocal temperature. This minimum was evaluated for 

the systems He-CzHg, He-Kr, and H^-C^H^.

In the system H^~C^H^, which does not have minimum enhance­

ment factor, liquid solubility affects the enhancement factor, 

and the mole fraction of the heavy component in the liquid 

should be considered.
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RECOMMENDATION

Figure 34 shows that there is a close relationship between 

the slope of the graphs of the mole fraction versus the re­

ciprocal reduced temperature of the systems studied. The 

system that exhibits a minimum enhancement factor showed 

closely related gradients but the system that does not show 

a minimum enhancement factor shows an entirely different 

slope. Hence it is recommended that the future investiga­

tions should be directed towards the exact determination of 

slope which a minimum appears.
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NOMENCLATURE

a = core radius

a* = reduced core size

B = second virial coefficient

b = coefficients for series representation of F;

C = third virial coefficient

C® = constant given by classical critical temperature

equation (28) and equals 21.8 °K 

Cg = constant given by classical critical volume

equation (29) and equals -9.91°K 

d = empirical parameter characterizing polarizability
r °I = standard-state fugacity of component "i"
'V
“i = fugacity of the component "i" in vapor phase

fi = fugacity of the component "i" in liquid phase

= fugacity of the component "i" in solid phase

F = function of the Kihara core model

k * Boltzman's constant

m = molecular mass



T-2056 98

Mo,So,Voj * parameter of Kihara model 

Na = Avogadro1s number 

n; » moles number (component "i”) 

nj * moles number (component ,!jM) 

p.0 * vapor pressure of component "i"

R = gas constant

rjj = distance between molecules ,,i,t and Mj,!

T * temperature of system

Tp = triple point temperature

Tc = critical temperature

Tr = reduced temperature

Tc = classical critical temperature

T* = kT/e

T0 = temperature of reference of Goodwin correlation =217.8 °K

U  = potential energy

U 0 = maximum (negative) potential energy 

Vi = volume of component "i"

Vc = critical volume

Vc » classical critical volume

Xi = molar fraction of component "i" in liquid phase

Yi = molar fraction of component ni,f in vapor phase

2  =  Uo /kT
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Greek Letters

"ZfT* activity coefficient 

n ■ total pressure

0.°= fugacity coefficient of component flifl in solid or 
1 liquid phase

Ç). = fugacity coefficient of component "i" in the vapor 
1 phase mixture

€  » enhancement factor

P  = density

pQ » the shortest distance bewteen molecular core at 
minimum potential energy

P  = the shortest distance between molecular core

(7 = separation of molecular center of zero potential ene
= acentric factor

Superscripts

0 = pure vapor pressure

1 ® liquid phase

* = solid phase

v - vapor phase



T-2056 100

Subscripts

i ■ component 1

j * component 2

a = for Avogadro1s number

c * to indicate critical condition

r e to indicate a reduced condition

s « summation index integer3 also dummy variable for 
Kihara coefficients
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ANAV Avogadro’s numbers

AK3 Boltzman1s constant

AMM1 Molecular weight component 1

AMM2 Molecular weight component 2

Al,A2,A3,A4,A5, Parameter of Goodwin

Bll Second virial component 1

B22 Second virial coefficients component 1

B12 Second virial cross coefficients

CEN(I,L) Enhancement factor experimental

Clll Third virial coefficients

C222 Third virial coefficients component 2

C122 Third virial cross coefficients

C112 Third virial cross coefficients

DDE1 Density of ethane

DIS1 Shortest distance between molecular cores
at energy minimum (component 1)

DIS2 Shortest distance between molecular cores
at energy minimum (component 2)

DIS Shortest distance average between components
1 and 2

DED012 Empirical parameter characterizing polariza­
bility size and shape of a molecule

D1,D2,D3,D4 Parameters of Goodwin

ENH(I,L) Enhancement factor calculated from equation (17)

ENX Enhancement factor calculated from equation (13)
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FI Kihara coefficient

F2 Kihara coefficient

F3 Kihara coefficient

Parameter of Goodwin

M Iteration to* calculate the coefficients
of Kihara

NT Number of isotherms into the system

FKM1 Parameter of Kihara core component 1

PKM2 Parameter of Kihara core component 2

FREVM Vapor Pressure

PRZCTM Pressure critical of ethane

PRETPM Pressure of triple point of ethane

PT Total pressure

PO Value of conversion of bar to atmosphere

SURl Surface parameter of Kihara component 1

SUR2 Surface parameter of Kihara component 2

7ECE12 Critical temperature of mixture

TKR Reduced temperature of mixture

TEC2 Effective critical temperature component 2

TECEO2 Critical temperature of component 2

TERE Reduced temperature

TEMFM Temperature of the systems

TETPM Temperature of triple point

TECEI Temperature critical
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TETOE Temperature of Reference given by Goodwin

UNER1 Maximum potential energy divided by
Boltzman*s constant component 1

UNER2 Maximum potential energy divided by
Boltzman1s constant component 2

UNER12 Potential energy of mixture

UKV Prausnitz parameter

V0LU1 Volume parameter of Kihara component 1

V0LU2 Volume parameter of Kihara component 2

VLC2 Classical critical volume component 2

VLC12 Effective critical volume of mixture

VOLM Volume of liquid

XC1 Constant given to calculate the effective
critical temperature

XC2 Constant given to calculate the effective
critical volume

XL1 Composition of- liquid phase component 1

YV1 Composition of vapor phase component 1

YV2 Composition of vapor phase component 2

ZUr Potential energy divided by temperature
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* * * * * * * * * * * * * * * * * * *  M A I N  P R O G R A M  * * * * * * * * * * * * * * * * * * * * * * * * *

P H A S E . F O R
P R O G R A M  P H A S E  1

P R O G R A M  T O  C A L C U L A T E  T H E  E N H A N C E M E N T  F A C T O R  U S I N G  
E X A C T  E Q U A T I O N  O F  G O O D W I N , R O D E R  A N D  S T A R T T .

T H E

S E L E C T T H E B I N A R Y

N S Y S - l F O R H E - C 2 H 6
N S Y S = 2 F O R H E - K R
N S Y S = 3 F O R H 2 - C 6 H 6
N S Y S - 4 F O R H 2 - C 2 H 6

D I M E N S I O N  T E R E ( 9 ) , V 0 L M ( 9 ) , E N H ( 9 , 6 ) , P T ( 9 , 6 ) , C E N ( 9 , 6 ) ,
1 P R E V M ( 9 ) , D I F F ( 9 , 6 ) , E N X ( 9 , 6 ) , X L 1 ( 9 , 6 ) , D X F F ( 9 , 6 )
D O U B L E  P R E C I S I O N  T E T 1 , T E T 2 , T E T 3 , P E T 1 , P E T 2 , P E T 3 , S E T 1 ,

1 S E T 2  » S E T 3  
C O M M O N  / B L O /  P 1 ( 9 , 6 ) , P 2 ( 9 , 6 ) , P 3 ( 9 , 6 ) , P 4 ( 9 , 6 )
C O M M O N  / M A I N /  T E M P M ( 9 ) , N T * N V , B ( 9 ) , 8 1 1 ( 9 ) , S 2 2 ( 9 ) , 9 1 2 ( 9 ) ,

1 C 1 1 1 ( 9 ) , C 1 1 2 ( 9 ) , C 1 2 2 ( 9 ) , C 2 2 2 ( 9 ) , Y V E ( 9 , 6 ) , Y V 1 ( 9 , 6 ) ,
2 Y V 2 ( 9 , 6 ) , T E C E 1 , P R E C T M , P E M T P M ( 9 ) , U K V ,
3 A N A V , D I S 1 , D I S 2 , P K M 1 , P K M 2 , S U R 1 , S U R 2 , V 3 L U 1 , V 0 L U 2 ,
4 U N E R 1 , U N E R 2 , 0 I S , P K M , S U R , V 0 L U , U N E R , T E C E 0 2 , A M M 1 ,
5 A M M 2 , X C 1 , X C 2 , V L C 1 , V L C 2 , E X , Y 1 ( 9 , 6 ) , T 2 ( 9 , 6 ) ,
6 Y 3 ( 9 , 6 ) , Y 4 ( 9 , 6 ) , X 1 ( 9 , 6 ) , X 2 ( 9 , 6 ) , X 3 ( 9 , 6 ) ,
T X 4 ( 9 , 6 ) , E F 1 ( 9 , 6 ) , E F 2 ( 9 , 6 ) , E F 3 ( 9 , 6 ) , E F 4 ( 9 , 6 ) ,
8 N S Y  S , D E D 0 1 2  
D A T A  E X O , P O , T E T P M , T E C E l , T E T O E , P R E C T M , 0 0 E 1 , P R E T P M /

1 1 . 3 , • 9 8 6 9 , 9 0 , 3 4 8 , 3 0 5 . 5 3 , 2 1 7 . 8 , 4 8 . 7 1 , . 0 0 6 7 4 ,
2 1 . 1 3 0 8 E - 0 5 /
D A T A  A l , A 2 , A 3 , A 4 , A 5 , A 6 , 0 1 , D 2 , D 3 , D 4 , H 1 , H 2 , H 3 /

1 - 1 1 . 3  8 9 9 6 , 1 8 . 8 4 5 2 2 , - 7 . 6 3 5 4 1 , 5 . 4 2  8 4 4 , - 1 . 3 6 2 3 2 ,
2 . 7 6 9 2 4 , . 5 5 2 6 7 1 , - 1 . 1 0 6 2 4 4 , - . 5 9 2 9 4 , - . 0 4 1 9 4 4 , . 2 4 4 4 2 3 ,
3 . 3 3 2 5 3 , . 5 3 4 8 8 /

C
T Y P E  1

1 F O R M A T (*  I N P U T  D A T A I S Y S T E M  T Y P E  = *$)
A C C E P T  2 , N S Y S

2 F Q R M A T ( I )
C

R - 8 2 . O 5
N T - 9
N Y - 6
I F ( N S Y S . E 0 . 1 ) G 0  T O  11 
I F ( N S Y S . E Q . 2 ) G 0  T O  22  
I F ( N S Y S . E Q . 3 ) G 0  T O  33  
I F ( N S Y S . E 0 . 4 ) G 0  T O  11

C
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11 C O N T I N U E
I F C N S Y S . E Q . O G O  T O  4 4  

C R E A D  T H E  D A T A  F O R  T H E  H E - C 2 H 6  S Y S T E M
R E A 0 ( l l , 4 1 ) 0 I S l , D I S 2 t P X M l , P K M 2 i S U R l , S U R 2  
R E A D C 1 1 , 4 1 1 V 0 L U 1 , V 0 L U 2 , U N E R 1 t U N E R 2 , A M M l , A M M 2  
R E A D C l l f 4 2 ) V L C l t V L C 2 , T E C E 0 2 » U K Y , D E 0 0 1 2 f E X  
R E A D ( 1 1 , 4 3 ) ( T E M P M ( I ) , I = 1 , N T )
R E A D ( l l , 4 3 ) ( V O L M ( I ) , I = l , N T )
R E A 0 ( 1 1 , 4 3 ) ( C 2 2 2 ( I ) , I = 1 , N T )
0 1 S - D I S 2
P K M = P K M 2
S U R - S U R 2
V 0 L U = V 0 L U 2
U N E R = U N E R 2

C C A L C U L A T E  T H E  S E C O N D  V I R I A L  C O E F F I C I E N T  H E L I U M

C
C A L L  N A P O

C
0 0  2 9  1 = 1 , N T

3 2 2 C I )  = BCn
2 9  C O N T I N U E

• N O W  S T A R T  T H E  C A L C U L A T I O N  A P L A I E D  T H E  E Q N . * 2 , # 4 ( A )  A N D  
• * 4 ( B )  O F  G O O D W I N  C O R R E L A T I O N

D O  30 1 = 1 , NT
T E R E C I ) = T E M P M ( I ) / T E C E 1
W l = ( 1 . - T E T P M / T E M P M C I ) 3 / C l . - T E T P M / T E C E 13 
X 0 = C T E M P M C I ) - T E T P M ) / C T E C E 1 - T E T P M )
U 1  = X 0  
U 2 = U 1 * U 1  
U 3 = U 2 * U 1
X B = A 1 + A 2 * W 1 + A 3 * U 1 + A 4 * U 2 + A 5 * U 3 + A 6 * U 1 * ( ( 1 . - U 1 ) * * E X 0 )  
X B A = E X P C X B )
P R E V M C I ) = X B A * P O

C .........C A L C U L A T E  T H E  C O E F F .  3 1 1  F O R  E T H A N E  F R O M  E Q N .  4 ( A )
W A 1 = T E R E C I )
W A 2 = W A 1 $ * 2  
W A 4 = W A 1 ♦ * 4 . 5
B V 1 = D 1 + D 2 / W A 1 + D 3 / W A 2 + D 4 / W A 4
B 1 1 C I ) = 3 V 1 / D D E 1

C  C A L C U L A T E  T H E  C O E F F .  C l l l  F O R  E T H A N E  F R O M  E Q N .  4 ( B )
C

Z 1 = W A l  
2 3 = 2 1 * * 3  
25  = 21 * *  5
C E l = ( H l / 2 1 + H 2 / Z 3 + H 3 / 2 5 ) * ( l . - T c T 0 E / T E M P M ( I ) )
C 1 1 1 ( I ) = C E 1 / D 0 E 1

3 0  C O N T I N U E
C • • • • • • N O W  C A L C U L A T E  T H E  C O E F F . 8 1 2  W I T H  S U B R O U T I N E
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C ........
C A L L  P I P A

.........N O W  C A L C U L A T E  T H E  C O E F F .  C 1 2

C A L L  L I R A

G O  T O  7 7  
4 C O N T I N U E

R E A D  T H E  D A T A  F O R  H 2 - C 2 H 6  S Y S T E M

R E A D C 1 4 , 4 1 ) 0 I S 1 , 0 I S 2 , P K M 1 , P K N 2 , S U R 1 , S U R 2  
R E A 0 C l 4 , 4 1 ) V 0 L U l , V 0 L U 2 , U N E R l t U N E R 2 , A M H 1 , A M M 2  
R E A D ( 1 4 , 4 2 ) V L C 1 , V L C 2 , T E C E 0 2 , U K V , D E 0 0 1 2 , E X  
R E A D C  1 4 , 4 3 ) C T E  M P M C  Il f  1 = 1 » N T )
R E A D C l t  t 4 3 X V 0 L M C I ) f  I = 1 , N T )  
R E A D C l 4 , 4 3 ) C C 2 2 2 C I ) f 1 = 1 » N T )
D I S = D I S 2
P K M = P K M 2
S U R = S U R 2
V 0 L U = V 0 L U 2
U N E R = U N E R 2

C A L L  N A P O  
D O  31 1 = 1 » N T

B 2 2 C I ) = B C I )
1 C O N T I N U E
........ N O W  S T A R T  T H E  C A L C U L A T I O N  A P L A I E D  T H E  E Q N .  J?2, #4 C A) A N D
........ * 4 C B )  O F  G O O D W I N  C O R R E L A T I O N

D O  3 2  1 = 1 , N T
T E R E C I ) = T E M P M C I ) / T E C E 1
W 1 = C 1 . - T E T P M / T E M P M C I ) ) / C l . - T E T P M / T E C E l )  
X 0 = C T E M P M C I ) - T E T P M ) / C T E C E 1 - T E T P M )
U 1 = X 0  
U 2 = U 1 * U 1 
U 3 = U 2 * U 1
X B = A 1 + A 2 * W 1 + A 3 * U 1 + A 4 * U 2 + A 5 * U 3 + A 6 * U 1 * C C 1 . - U 1 ) * * E X 0 )
X B A = E X P C X B )
P R E V M C I ) = X 3 A * P 0

C .........C A L C U L A T E  T H E  C O E F F .  3 1 1  F O R  E T H A N E  F R O M  E Q N .  4 C A )
W A 1 = T E R E C I )
W A 2 = W A 1 * * 2
W A 4 = W A 1 * * 4 . 5
3 V 1 = D 1 + D 2 / W A 1 + D 3 / W A 2 + D 4 / W A 4
3 1 1 C I ) = B V 1 / D D E 1

C .........C A L C U L A T E  T H E  C O E F F .  C l l l  F O R  E H A N E  F R O M  E Q N .  4 C 3 )
C

Z 1 = W A 1
Z 3 = Z 1 * * 3
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Z 5 = Z 1 * * 5
C E 1 = ( H 1 / Z 1 + H 2 / Z 3 + H 3 / Z 5 ) * ( 1 . - T E T 0 E / T E M P M ( I ) )  
C 1 1 1 C I ) = C E 1 Z D D E 1  

32 C O N T I N U E
C .........N O W  C A L C U L A T E  T H E  C 0 E F F . B 1 2  W I T H  S U B R O U T I N E

C A L L  P I P A

N O W  C A L C U L A T E  T H E  T H I R D  V I R I A L  C R O S S  C O E F F I C I E N T  C 1 1 2  
A N D  C 1 2 2

C A L L  L I R A

G O  T O  77

2 C O N T I N U E

R E A D  T H E  D A T A  F O R  H E - K R  S Y S T E M

R E A D ( 1 2 , 4 1 ) D I S 1 , D I S 2 , P K M 1 , P K M 2 , S U R 1 , S U R 2
R E A D ( 1 2 , 4 1 ) V 0 L U 1 , V 0 L U 2 , U N E R 1 , U N E R 2 , A M M 1 , A M K 2
R E A D C l 2 , 4 1 ) Y L C l t V L C 2 t T E C E 0 2 , U K V , D E D 0 1 2 , E X
R E A D ( 1 2 , 5 4 ) T E T P M , T E C E 1 , P R E C T M , D D E 1 , P R E T P M
R E A D C 1 2 , 4 3 ) ( T E M P M C I ) , 1 = 1 • N T )
R E A D C 1 2 , 4 3 ) C V 0 L M C I ) , I = 1 , N T )
R E A D ( 1 2 , 4 3 ) C P R E V M ( I ) , I = 1 , N T )
R E A D C l 2 , 4 3 ) C C l l l C I ) , I = l f N T )
R E A D  Cl 2 , 4 3 ) C C 2 2 2 C l ) , 1 = 1 , N T )
D I S = D I S 2  
P K M = P K M 2  
S U R = S U % 2  
V O L U = V 0 L U 2  
U N E R = U N E R 2
C A L C U L A T E  T H E  S E C O N D  V I R I A L  C O E F F I C I E N T  O F  H E L I U M  
C A L L  N A P O  
D O  34 1 = 1 , N T

8 2 2  C l )  = B C I )
4 C O N T I N U E

D I S = D I S i  
P K M = P K M 1  
S U R = S U R 1 
V 0 L U = V  0 L U 1  
U N E R = U N E P 1

C C A L C U L A T E  T H E  S E C O N D  V I R I A L  C O E F F I E C I E N T S  O F  K R
C

C A L L  N A P O  
D O  35 1 = 1 , N T

B 1 1 C I ) = B C I )
35 C O N T I N U E
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C N O W  C A L C U L A T E  T H E  C O E F F ,  8 1 2
C

C A L L  P I P A

N O W  C A L C U L A T E  T H E  C O E F F ,  C 1 2 2  A N D  C 1 1 2

C A L L  L I R A  
G O  T O  77 

3 C O N T I N U E

R E A D  T H E  D A T  F O R  H 2 - C 6 H 6  S Y S T E M

R E A D C 1 3 t  A D D I S  l f 0 I S 2 , P K M l , P K  M 2 ,  S U R  1 , S U R 2  
R E A O C 1 3 , A D V O L U 1 , V O L U 2 , U N E R 1 , U N E R 2 , A M M 1 ,  A M M 2  
R E A 0 C 1 3 , 4 1 ) V L C 1 , V L C 2 » T E C E 0 2 , U K V f O E D O l 2 , E X  
R E A D C 1 3 , 4 3 ) T E C E 1 , T E B 0 1 , P R E C T M  
R E  A D C  1 3 , 4 3 ) C T E M P M C  I ) , 1 = 1 , N T 3  
R E A D C  1 3 , 4 3 ) C C I 11 C l ) , 1 = 1 , N T )
R E A D C 1 3 , 4 3 ) C C 2 2 2 C I ) , I = 1 , N T )

D I S = D I S 1  
PK M = P K  Ml 
S U R = S U R 1  
V 0 L U = V 0 L U 1  
U N E R = U N E R 1
N O W  C A L C U L A T E  T H E  S E C O N D  V I R I A L  C O E F F I C I E N T S  F O R  
3 E N Z E N E .

C A L L  N A P O  
D O  36 1 = 1 , N T

3 1 1 C I ) = B C I )
6 C O N T I N U E

D I S = D I S 2  
P K M = P K M 2  
S U R = S U R 2  
V O L U = V 0 L U 2  
U N E R = U N E R 2
N O W  C A L C U L A T E  T H E  S E C O N D  V I R I A L  C O E F F I C I E N T S  F O R  
H Y D R O G E N .
C A L L  N A P O  
D O  3 7  1 = 1 , N T

3 2 2  C I ) = B  C l )
7 C O N T I N U E

C A L C U L A T E  T H E  A C E N T R I C  F A C T O R  

T T 1 = T E 3 0 1 / T E C E 1
T T 2 = - A L O G C P R E C T M ) - 5 . 9 2 7 1 4 + C 6 . 0 9 6 4 8 0 / T T 1 ) + 1 . 2 8 8 6 2 * C A L C S ( T T 1 ) )
T T 3 = 0 . 1 6 9 3 4 7 $ C T T 1 $ $ 6 )
T T 4 = T T 2 - T T 3

114 •
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T T 5 = 1 5 . 2 5 1 9 - 1 5 . 6 8 7 5 / T T 1 - 1 3 . 4 7 2 1 * < A L 0 G C T T 1 ) ) + 0 . 4  35 7 7 * 1 1 1 * * 6  
A C F W = T T 4 / T T 5

C A L C U L A T E  T H E  V A P O R  P R E S S U R E  F O R  T H E  B E N Z E N E

D O  3 8  K = 1 , N T
T E R E C K ) = T E M P M C K ) / T E C E 1
W 1 = A L 0 G ( T E R E ( K ) )
U 2 = T E R E C K ) * * 6
T I P 0 = 5 »  9 2 7 1 4 - 6 . 0 9 6 4 8 / T E R E C K l  —  l . 2 8 8 6 2 * W l  + 0 • 1 6 9 3 4 7 * W 2  
T I P  1 = 1 5 • 2 5 1 8 - 1 5 . 6 8 7 5 / T E R  E C K ) - 1 3 . 4 7 2 1 * W 1 + 0 . 4 3 5 7 7 * W2  
T I P 2 = T I P 0 + T I P 1 * A C F W  
P R E V M ( K ) = E X P ( T I P 2 ) * P R E C T M  

C A L C U L A T E  T H E  V O L U M E

T 1 = T E R E C K )
T 2 = T 1 * * 2 •
T 3 = T 1 * * 3 .
T 4 = T 1 * * 4 .
T A O = 0 . 2 9 6 0 7 - 0 . 0 9 0 4 5 * T 1 - 0 . 0 4 8 4 2 $ T 2  
V S C = R * T E C E 1 * C 0 . 2 9 2  0 - 0 . 0 9 6 7 * A C F W ) / P R E C T M  
V R 0 = 0 . 3 3 5 9 3 - 0 . 3 3 5 9 3 * T 1 + 1 . 5 1 9 4 1 * 7 2 - 2 . 0 2 5 1 2 * T 3 + 1 . 1 4 2 2 * T 4 
V 0 L M C K > = V R 0 * C 1 . - A C F V * T A 0 ) * V S C  

8 C O N T I N U E

N O W  C A L C U L A T E  T H E  C O E F F .  8 1 2  

C A L L  P I P A

N O W  C A L C U L A T E  T H E  C O E F F . C 1 1 2  A N D  C 1 2 2  

C A L L  L I R A

G O  T O  77 
77  C O N T I N U E

D O  60 1 = 1 , N T  
I F ( N S Y S . E Q . 3 ) N V = 4  
D O  7 0  L = 1 , N V 
I F C N S Y S . E Q . D G O  T O  40 
I F C N S Y S . E Q . 2 ) G 0  T O  1 4 1  
I F C N S Y S . E Q . 3 1 G 0  T O  1 4 2  
I F C N S Y S . E Q . 4 l G 0  T O  1 4 3  

4 0  P T C I f L l = P l C I f L l
X L 1 C I ,  L 1 = X 1 C I , L 1  
C E N C I , L 1 = E F 1 C I , L 1  
G O  T O  64 

1 4 1  P T C I , L 1 = P 2 C I , L 1
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X L 1 ( I , L ) = X 2 ( I , L )
C E N ( I , L ) = E F 2 ( I , L )
G O  T O  64

1 4 2  P T C I , L ) = P 3 ( I , L )
X L 1 ( I , L ) = X 3 ( I , L )
C E N < r , L ) = Y V l ( I , L D * P T C I , L ) / P R E V H ( I )
G O  T O  64

1 4 3  P T ( I , L ) = P 4 ( I , L )
X L 1 ( I , L ) = X 4 ( I , L )
C E N ( I , L ) = E F 4 ( I , L )

64 C O N T I N U E
R A 1 = Y V 1 C I , L )
E l =  V O L M ( I ) $ ( P T ( I , L ) - P R E V M ( I ) ) / ( R * T E M P M ( D )  
E 2 = B 1 1 ( I ) $ P R E V M ( I ) / ( R * T E M P M ( I ) )
E 3 = ( 2 . $ R A 1 - Y V 1 ( I , L ) $ $ 2 ) * B 1 1 ( I ) $ P T ( I , L ) / ( R * T E M P M ( I ) )
E 4 = ( C 1 1 1 ( I ) - B 1 1 ( I ) $ * 2 ) $ P R E V H ( I ) * * 2 / ( ( ( R * T E M P M ( I ) ) * * 2 ) * 2 . )
E E 2 = E 2 + E 4
E 5 = ( S 2 2 ( I ) - B 1 2 ( I ) * 2 . ) * Y V 2 ( I , L ) $ * 2 * P T ( I , L ) / ( R * T E M P M ( I ) )
E 6 = P T ( I , L ) $ $ 2 / ( ( ( R * T E M P M ( I ) ) * * 2 ) * 2 . )
E A 1 = 3 . * Y V 2 ( I , L ) * * 2 * C 1 2 2 ( I )
E A 2 = 6 . * Y V 1 ( I , L ) * Y V 2 ( I , L ) * C 1 1 2 ( I )
E A 3 = 3 . * Y V 1 ( I , L ) * * 2 * C 1 1 1 ( I )
E A 4 = Y V 2 ( I , L ) $ f 3 * ( 2 . * C 2 2 2 ( I ) + 4 . $ B 1 2 ( I ) * B 2 2 ( I ) )
E A 5 = Y V 1 ( I , L ) * Y V 2 ( I , L ) * $ 2 * ( 6 . $ C 1 2 2 ( I ) + 4 . * S 1 1 ( I ) * B 2 2 ( I ) +

1 8 , 0 » 3 1 2 C I ) * * 2 )
E A 6 = Y V 1 ( I , L ) * $ 2 * Y V 2 ( I , L ) * ( 1 2 . * B 1 1 ( I ) * 8 1 2 ( I ) + 6 . $ C 1 1 2 ( I ) )  
E A 7 = Y V 1 ( I , L ) * $ 3 * ( 4 . $ B 1 1 ( I ) * * 2 + 2 . * C 1 1 1 ( I ) )  
E A 8 = Y Y 2 C I . L ) * * 4 * C 3 . * B 2 2 ( I ) * * 2 )  
E A 9 = Y V 1 ( I , L ) * Y V 2 ( I , L ) * * 3 * ( 1 2 . * 9 1 2 ( I ) $ B 2 2 ( I ) )  
E A 1 0 = Y V 1 ( I , L ) * * 2 * Y V 2 ( I , L ) * * 2 $ ( 6 . * S 1 1 ( I ) * B 2 2 ( I ) + 1 2 . * 8 1 2 ( I ) * * 2 )  
E A l l = Y V l ( I , L ) f * 3 * Y V 2 ( I , L ) * ( 1 2 . $ S 1 2 ( I ) * S l l ( I ) )  
E A 1 2 = Y V 1 ( I , L ) * * 4 $ ( 3 . * B 1 1 ( I ) * * 2 )
A F = - E A 1 - E A 2 - E A 3 + E A 4 + E A 5 + E A 6 + E A 7 - E A 8 - E A 9 - E A 1 0 - E A 1 1 - E A 1 2
A F 1 = A F * E 6
E E 3 = — E 3 + E 5 + A F 1
A F 2 = E 1 + E 2 - E 3 + E 4 + E 5 + A F 1
E N H C I f L ) = E X P ( A F 2 )
A F 9 = A F 2 + A L O G ( X L l ( I , L ) )
E N X C I t L ) = E X P C A F 8 D
D X F F C I s L ) = C A S S ( E N H ( I , L ) - C E N ( I , L 3 ) / C E N C I , L ) ) * 1 0  0 . 0  
D I F F ( I , L ) = ( A B S ( E N X ( I , L ) - C E N ( I , L ) ) / C E N ( I , L ) ) * 1 0 0 . 0

C
7 0  C O N T I N U E
63 C O N T I N U E

W R I T E C l O f 1 1 3 )
1 1 3  F O R M A T O X ,  " T E M P " , 6 X ,  " V O L " , 6 X , - V A P R E S * , 5 X , * M 0 L F Y V 1 * , 3 X ,

1 * S Y S P R E S * , 4 X , * E N H + X " , 5 X , * E N H - X * , 3 X , * E X P E N H - , 2 X ,
2 * P E R D E V , 3 X , * R E F " / 6 X , 9 5 ( * = * ) / / )

1 1 4  F O R M A T ( 4 X , 2 F 9 . 2 , 2 E 1 2 . 2 , 5 F 9 . 2 / 5 ( 3 4 X , E 1 2 . 2 , 5 F 9 . 2 / ) / / )
W R I T E C 1 , 1 1 5 ) ( T E M P M ( I ) , B 1 1 ( I ) , 8 2 2 ( 1 ) , 8 1 2 ( 1 ) , C 1 1 1 C I ) ,

1 C 2 2 2 ( I ) , C 1 2 2 ( I ) , C 1 1 2 ( I ) , 1 = 1 , 9 )
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1 1 5  F O R M A T ( F I  0 . 2 , 2 X , 7 E l l « 2 / >
0 0  4 5  1 = 1 , N T  
I F ( N S Y S . E Q . 3 ) N V = 4
W R I T E C 1 0 , 1 1 4 ) ( T E M P M C I ) , V O L M ( I ) , P R E V M C I ) , ( Y V 1 C I , L ) , P T ( I , L ) , 

1 E N H ( I , L ) , E N X ( I , L ) , C E N ( I , L ) , D I F F ( I , L ) , L = 1 , N V ) )
4 5  C O N T I N U E
4 1  F O R M A T ( 6 F )
4 2  F O R M A T ( 5 F , E )
4 3  F O R M A T C 3 F )
5 4  F O R M A T ( S F )

E N D
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B L O C K  D A T A
C O M M O N  / B L O /  P 1 ( 9 , 6 ) , P 2 ( 9 , 6 ) , P 3 ( 9 , 6 ) , P 4 ( 9 , 6 )
C O M M O N  / M A I N /  T E M P M C 9 ) , N T , N V , 8 ( 9 ) , S 1 K 9 ) , 8 2 2 ( 9 ) , 6 1 2 ( 9 ) ,

1 C 1 1 1 ( 9 ) , C 1 1 2 ( 9 ) , C 1 2 2 ( 9 ) , C 2 2 2 ( 9 ) , Y V E ( 9 , 6 ) , Y V 1 ( 9 , 6 ) ,
2 Y V 2 ( 9 , 6 ) , T E C E 1 , P R E C T M , P E M T P M ( 9 ) , U K V ,
3 A N A V , O I S l , 0 I S 2 , P X M 1 , P K M 2 , S U R 1 , S U R 2 , V 0 L U 1 , V 0 L U 2 ,
4 U N E  RI* U N E R 2 , D I S  *P)(N, S U R ,  V O  L U , U N E R , T E C E 0 2 , A M M 1 ,
5 A M M 2 , X C 1 , X C 2 , V L C 1 , V L C 2 , E X * Y 1 ( 9 , 6 ) , Y 2 ( 9 , 6 ) ,
6 Y 3 ( 9 , 6 ) , Y 4 ( 9 , 6 ) , X 1 ( 9 , 6 ) , X 2 ( 9 , 6 ) , X 3 ( 9 , 6 ) ,
7 X 4 ( 9 , 6 ) , E F 1 ( 9 , 6 ) , E F 2 ( 9 , 6 ) , E F 3 ( 9 , 6 ) , E F 4 C 9 , 6 ) ,
8 N S Y S , D E D 0 1 2

R E A D  T H E  T O T A L  P R E S S U R E , M O L A R  F R A C T I O N  O F  E T H A N E  
I N  T H E  V A P O R  A N D  L I Q U I D  P H A S E ,  E X P E R I M E N T A L  E N H E N  
H A N C E M T  F A C T O R .
D A T A  P K l 1 ) , P 1 ( 1 2) P K l , 3 ) , P K l , 4 ) / 1 7 . 4 , 2 6 . 2 , 4 0 * 6 , 6 0 . 6 /

1 P K l , 5 ) P K l , 6) PI 2 , 1 ) , P I ( 2 , 2 ) / 9 4 . 7 , 1 1 7 . 0 , 8 . 8 , 2 4 . 8 / ,
2 P l ( 2 * 3 ) P I ( 2 , 4 ) PI 2 , 5 ) , P l ( 2 , 6 ) / 4 9 . 2 , 7 8 . 0 , 1 0 2 . 7 , 1 3 9 . 9 / ,
3 P 1 ( 3 , 1 ) P l ( 3 , 2 ) P I 3 , 3 ) , P 1 ( 3 , 4 ) / 1 4 . 9 , 2 9 . 9 , 4  9 . 9 , 6 9 . 9 / ,
4 P I ( 3 , 5 ) P I ( 3 , 6 ) PI 4 , 1 ) , P I ( 4 , 2 ) / 8 9 . 1 , 1 1 9 . 1 , 2 6 . 2 , 4  6 . 9 5 / ,
5 P 1 ( 4 , 3 ) P I ( 4 , 4 ) PI 4 , 5 ) , P l ( 4 , 6 ) / 7 0 . 6 , 8 0 . 9 , 9 8 . 6 , 1 1 8 . 2 / ,
6 P l ( 5 , 1 ) P K 5  * 2 ) PI 5 , 3 ) , P 1 ( 5 , 4 ) / 4 . 5 , 2 2 . 4  9 , 4  4 . 9 5 , 7 1 . 3 / ,
7 P I ( 5 , 5 ) P l ( 5 , 6 ) PI 6 , l ) , P l ( 6 , 2 ) / 9 8 . 8 , 1 3 0 . 4 , 1 0 . 7 2 , 2 5 . 9 9 /
D A T A  P 1 ( 6 3 ) , P l ( 6 4 ) P 1 ( 6, 5 ) , P 1 ( 6 , 6 ) / 4 5. 0 8 , 7 1 . 2 , 1 0 0 . 1 , 1 2 9

1 P l ( 7 , 1 ) P I ( 7 , 2 ) PI 7 , 3 ) , P  1 ( 7 , 4 ) / 5 . 8 2 , 1 4 . 4 , 2 5 . 7 2 , 4 5 . 3 3 / ,
2 P l ( 7 , 5 ) P I ( 7 , 6 ) PI 8 , 1 ) , P 1 ( 8 , 2 ) / 9 9 . 6 , 1 2  8 . 1 , 3 . 9 8 , 1 3 . 0 / ,
3 P l ( 8 , 3 ) P K S , 4 ) PI 8 , 5 ) , P i ( 8 * 6 ) / 2 6 . 0 , 4 3 . 4 5 , 6 8 . 8 , 1 2 8 . 0 / ,
4 P l ( 9 , l ) P I (9 ,2) PI 9, 3 ) , P I ( 9 , 4 ) / 4 . 1 , 1 0 . 3 5 , 1 5 . 3 2 , 2 3 . 2 5 / ,
5 P 1 ( 9 , 5 ) P 1 ( 9 , 6) 4 6 2 , 4 6 . 5 /
D A T A  Y 1 C 1 1 ) , Y 1 ( 1 2) Y l ( l , 3 ) / 4 4 5 0 0 0 . 0 , 3 0 5 0 0 0 . 0 , 1 9 9 0 0 0 . 0 / ,

1 Y 1 ( 1 , 4 ) Y 1 ( 1 , 5 ) Y 1 1 , 6 ) / 1 3 7 0 0 0 . 0 , 1 0 0 5 0 0 . 0 , 7 3 8 0 0 . 0 / ,
2 Y 1 ( 2 , 1 ) Y l ( 2 ,2 ) Y 1 2 , 3 ) / 2 5 1 0 0 0 . 0 , 9 2 1 0 0 . 0 , 4 8 7 0 0 . 0 / ,
3 Y 1 ( 2 , 4 ) Y l ( 2 , 5 ) Y 1 2 , 6 ) / 3 0 5 0 0 . 0 , 2 3 9 0 0 . 0 , 1 7 8 0 0 . 0 / ,
4 Y 1 ( 3 , 1 ) Y 1 ( 3 , 2  ) Y 1 3 , 3 ) / 2 8 7 0 0 . 0 , 1 4 6 0 0 . 0 , 9 0 5 0 . 0 / ,
5 Y 1 ( 3 , 4 ) Y 1 ( 3 , 5 ) Y 1 3 , 6 ) / 6 6 4 0 . 0 , 5 3 5 0 . 0 , 4 1 4  0 . G/,
6 Y l ( 4 , l ) Y 1 ( 4 , 2 ) Y 1 4 , 3 ) / 3 6 8 2 . 0 , 2 1 3 3 . 0 , 1 4  9 3 . 0 / ,
7 Y 1( 4 , 4 ) Y 1 ( 4  , 5) Y 1 4 , 6 ) / 1 2 8 3 . 0 , 1 0 7 8 . 0 , 8 6 5 . 3 / ,
8 Y l ( 5 , l ) Y K 5  , 2 ) Y 1 5 , 3 ) / 2 8 4 6 . 0 , 6 0 0 . 0 , 3 2 3 . 1 / ,
9 Y 1 ( 5 , 4 ) Y 1 ( 5 , 5 ) Y 1 5 , 6 ) / 2 1 5 . 2 , 1 7 3 . 9 , 1 4 1 . 3 /
D A T A  Y 1 ( 6 1 ) , Y 1 ( 6 2) Y l ( 6 , 3 ) / 4  3 9 . 1 , 2  0 0 . 4 , 1 2 1 . 7 / ,

1 Y 1 ( 6 , 4 ) Y 1 ( 6 , 5  ) Y 1 6 , 6 ) / 8 3 . 4 3 , 6 5 . 2 1 , 5 5 . 2 2 / ,
2 Y 1 ( 7 ,1 ) Y 1 ( 7 , 2 ) Y 1 7 , 3 ) / 1 7 6 . 1 , 7 9 . 5 7 , 4  7 . 8 3 / ,
3 Y l ( 7 , 4 ) Y 1 ( 7 , 5 ) Y 1 7 , 6 ) / 2 9 . 3 5 , 1 6 . 5 7 , 1 4 . 5 7 / ,
4 Y 1 ( 8  , 1 ) Y 1 ( 8 , 2 ) Y 1 S , 3 ) / 4 3 . 2 6 , 1 4 . 7 8 , 3 . 1 4  5/,
5 Y 1 ( 8 , 4 ) Y l ( 8 , 5 ) Y 1 8 , 6 ) 7 5 . 4 4  5 , 3 . 8 7 7 , 2 . 7 1 / ,
6 Y l ( 9 , l ) Y 1 ( 9 , 2 ) Y 1 9 , 3 ) / 9 . 4 9 5 , 4 . 1 8 9 , 2 . 9 9 4 / ,
7 Y 1 ( 9 , 4 ) Y 1 ( 9 ,5) Yl 9 , 6 ) / 2 . 0 4 9 , 1 . 1 8 1 , 1 . 1 4 9 /

D A T A  X 1 ( 1 , 1 ) , X 1 ( 1 , 2 ) X K l , 3 ) / . 9 7 4 , . 9 8 1 , . 9 8 6 5 / ,
1 X 1 ( 1 , 4 ) , X 1 ( 1 , 5 ) , X ( 1 , 6 ) / . 9 9 1 5 , . 9 9 6 , . 9 9 7 / ,
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2 X l ( 2 , l ) , X l ( 2 , 2 ) , X l ( 2 , 3 ) / . 9 8 3 , . 9 8 7 , . 9 9 / ,
3 X l ( 2 , 4 ) , X l ( 2 , 5 ) , X l ( 2 , 6 ) / . 9 9 4 , . 9 9 7 , . 9 9 9 / ,
4 X l ( 3 , l ) , X l ( 3 , 2 ) , X l ( 3 , 3 ) / . 9 9 3 , . 9 9 4 , . 9 9 5 / ,
5 X l ( 3 , 4 ) , X l ( 3 , 5 ) , X l ( 3 , 6 ) / . 9 9 7 , . 9 9 8 , . 9 9 9 / ,
6 X 1 ( 4 , 1 ) , X 1 ( 4 , 2 ) , X 1 ( 4 , 3 ) / 1 . 0 , 1 . 0 , 1 . 0 / ,
7 X 1 ( 4 , 4 ) , X 1 ( 4 , 5 ) , X 1 ( 4 , 6 ) / 1 . 0 , 1 . 0 , 1 . 0 / ,
8 X 1 ( 5 , 1 ) , X 1 C 5 , 2 ) , X 1 C 5 , 3 3 / 1 . 0 , 1 . 0 , 1 . 0 / ,
9 X I C 5 , 4 ) , X I C 5 , 5 3 , X I C 5 , 6 3 / I . 0 , 1 . 0 , 1 . 0 /
D A T A  X 1 ( 6 , 1 3 , X 1 ( 6 , 2 ) , X 1 C 6 , 3 3 / 1 . 0 , 1 . 0 , 1 . 0 / ,

1 X l C 6 , 4 3 , X l C 6 , 5 3 , X l C 6 , 6 3 / l a 0 , 1 . 0 s l . 0 / ,
2 X l ( 7 , 1 3 , X l ( 7 , 2 3 , X l ( 7 , 3 3 / 1 . 0 , 1 . 0 , 1 . 0 / ,
3 X l ( 7 , 4 3 , X l ( 7 , 5 3 , X l ( 7 , 6 3 / 1 . 0 , 1 . 0 , 1 . 0 / ,
4 X I ( 8 , 1 3 , X I ( 8 , 2 3 , X 1 C 8 , 3 3 / I . 0 , 1 . 0 , 1 . 0 / ,
5 X 1 C 8 , 4 3 , X 1 C 8 , 5 3 , X 1 C 8 , 6 3 / 1 . 0 , 1 . 0 , 1 . 0 / ,
6 X l ( 9 , 1 3 , X 1 C 9 , 2 3 , X I ( 9 , 3 3 / 1 . 0 , 1 . 0 , 1 . 0 / ,
7 X I C 9 , 4 ) , X 1 C 9 , 5 3 , X I ( 9 , 6 3 / I . 0 , 1 . 0 , 1 . 0 /
D A T A  E F K l , 1 3 , E F K l , 2 3 , E F K l , 3 ) , E F K l , 4 3 / 1 . 1 2 1 ,  1 . 1 5 4 ,  1 . 1 7 3 , 1 . 2 1 1 /

1 E F K l , 5 3 , E F K l , 6 3, £ F 1 ( 2 , 1 3 , E F K 2 , 2 3 / 1 . 2 4 7 , 1 . 2 6 5 , 1 . 0 3 9 , 1 . 0 7 7 / ,
2 E F 1 ( 2 , 3 3 , E F 1 ( 2 , 4 3 , E F 1 ( 2 , 5 3 , E F 1 ( 2 , 6 3 / I . 1 1 4 , 1 . 1 1 7 , 1 . 1 4 9 , 1 . 1 7 3 / ,
3 E F K 3 , 1 3 ,  E F  1 ( 3 , 2 3 , E F K 3 , 3 3 , E F K 3 , 4 3 / 1 . 0 1 3 , 1 .  03 4 , 1 .  07 0 , 1 . 1 0 0 / ,
4 E F 1 ( 3 , 5 3 , E F 1 ( 3 , 6 3 , E F 1 ( 4 , 1 3 , E F 1 ( 4 , 2 3 / 1 . 1 2 9 , 1 . 1 6 8 , 1 . 0 2 0 , 1 . 0 5 8 / ,
5 E F 1 ( 4 , 3 3 , E F 1 ( 4 , 4 3 , E F 1 ( 4 , 5 3 , E F 1 ( 4 , 6 3 / 1 . 1 1 4 , 1 . 0 9 7 , 1 . 1 3 3 , 1 . 1 7 3 / ,
6 E F  1 ( 5 , 1 3 , E F 1 ( 5 , 2 3 , E F K 5 , 3 3 ,  E F  1 ( 5 , 4 3 / 1 . 0 2 1 , 1 . 0 7 6 , 1 . 1 5 8 , 1 . 2 2 4 / ,
7 E F l ( 5 , 5 3 f E F l ( 5 , 6 3 , E F K 6 , 1 3 , E F K 6 , 2 3 / 1 . 3 7 0 , 1 . 4 6 9 , 1 . 0 3 9 , 1 . 1 5 0 / ,
8 E F K 6 , 3 3 , E F K 6 , 4 3 , E F K 6 , 5 3 , E F K 6 , 6 3 / 1 . 2 1 2 , 1 . 3 1 2 ,  1 . 4 4 1 , 1 . 5 7 2 / ,
9 E F  1 ( 7 , 1 3 , E F K 7 , 2 3 , E F 1 ( 7 , 3 3 , E F K 7 , 4 3 / 1 . 0 1 6 , 1 . 1 3 6 , 1 . 2 1 9 , 1 . 3 2 0 /  
D A T A  E F K 7 , 5 3 , E F  1 ( 7 , 6 3 , E F l ( 8 , 1 3 , E F K 8 , 2 3 / 1 . 6 3 5 , 1 . 8 4 9 , 1 . 0 6 4 , 1 . 1 8 8 /

1 E F 1  ( 8 ,  3 3 , E F K  8 , 4 3 ,  E F 1 (  9, 5 3 ,  E F K  8, 6 3 / 1 .  3 0 9 , 1  .4 6  2 , 1 . 5 4  8, 2. 05 0 / ,
2 E F K  9, 1 3 ,  E F K  9, 2 3 ,  E F K  9, 3 3 ,  E F K  9 , 4 3 / I .  1 1 6 , 1 . 2 4  3 , 1 . 3 1 6 ,  1 . 3 6  7/,
3 E F 1 ( 9 , 5 3 , E F 1 ( 9 , 6 3 / 1 . 5 6 4 , 1 . 5 3 3 /

R E A D  T H E  T O T A L  P R E S S U R E ,  M O L A R  F R A C T I O N  O F  E T H A N E  
I N  V A P O R  P H A S E  A N D  L I Q U I D  P H A S E , E X P E R I M E N T A L  
E N H A N C E M E N T  F A C T O R
D A T A  P 4 ( l , 1 3 , P 4 ( l , 2 3 , P 4 ( l , 3 3 / 3 4 . 0 1 , 4 7 . 6 2 , 6 1 . 2 2 / ,

1 P 4 ( 1 , 4 3 , P 4 ( 1 , 5 3 , P 4 C 1 , 6 3 / 6 8 . 0 3 , 1 0 2 . 4 4 , 1 3 6 . 0 5 / ,
2 P 4 ( 2 , 1 3 , P 4 ( 2 , 2 3 , P 4 ( 2 , 3 3 / 1 5 . 2 2 , 3 4 . 0 1 , 4 7 . 6 2 / ,
3 P 4 ( 2 , 4 3 , P 4 ( 2 , 5 3 , P 4 ( 2 , 6 3 / 6 1 . 2 2 , 1 0 2 . 4 4 , 1 3 6 . 0 5 / ,
4 P 4 ( 3 , 1 3 , P 4 ( 3 , 2 3 , P 4 ( 3 , 3 3 / 2 4 . 9 , 4 0 . 9 , 6 0 . 1 / ,
5 P 4 ( 3 , 4 3 , P 4 ( 3 , 5 3 , P 4 ( 3 , 6 3 / 9 0 . 7 , 1 2 0 . 2 , 1 4 3 . 5 / ,
7 P 4 ( 4 , 1 3 , P 4 ( 4 , 2 3 , P 4 ( 4 , 3 3 / 1 7 . 0 1 , 3 4 . 0 1 , 4 7 . 6 2 / ,
8 P 4 ( 4 , 4 3 , P 4 ( 4 , 5 3 , P 4 ( 4 , 6 3 / 6 1 . 2 2 , 1 0 2 . 4 4 , 1 3 6 . 0 5 /
D A T A  P 4 ( 5 , 1 3 , P 4 ( 5 , ? 3 , P 4 ( 5 , 3 3 / 4 0 . 2 , 6 0 . 2 , 3 8 . 7 / t

1 P 4 ( 5 , 4 3 , P 4 ( 5 , 5 3 , P 4 ( 5 , 6 3 / 1 2 0 . 0 , 1 4 4 . 3 , 1 4 7 . 9 / ,
2 P 4 ( 6 , 1 3 , P 4 ( 6 , 2 3 , P 4 ( 6 , 3 3 / 2 1 . 7 , 3 8 . 8 , 6 0 . 0 / ,
3 P 4 ( 6 , 4 3 , P 4 ( 6 , 5 3 , P 4 ( 6 , 6 3 / 8 8 . 0 , 1 1 8 . 9 , 1 4 6 . 7 / ,
4 P 4 ( 7 , 1 3 , P 4 ( 7 , 2 3 , P 4 ( 7 , 3 3 / 1 0 . 0 , 4  0 . 0 , 6 0 . 0 / ,
5 P 4 ( 7 , 4 3 , P 4 ( 7 , 5 3 , P 4 ( 7 , 6 3 / 9 0 . 6 , 1 2 0 . 3 , 1 4 9 . 7 / ,
6 P 4 ( 8 , 1 3 , P 4 ( 8 , 2 3 , P 4 ( 8 , 3 3 / 1 0 . 3 7 , 4 0 . 3 8 , 8 0 . 6 / ,
7 P 4 ( 8 , 4  3,P'4(8, 5 3 , ®  4 ( 8 ,  6 3 / 1 1 1 . 9 ,  1 3 5 . 4 ,  1 4 1 . 4 / ,
8 P 4 ( 9 , 1 3 , P 4 ( 9 , 2 3 , P 4 ( 9 , 3 3 / 2 5 . 6 , 4 1 . 8 2 , 6 0 . 3 / ,
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9 P 4 ( 9 , 4 ) , P 4 ( 9 , 5 ) , P 4 ( 9 , 6 ) / 8 3 . 6 , 1 1 0 . 0 , 1 4 4 . 2 /
C D A T A  P 4 ( 1 0 , 1 ) , P 4 ( 1 0 , 2 ) , P 4 ( 1 0 , 3 ) / 9 . 9 , 2 4 . 6 2 , 3 9 . 3 S / ,

P 4 ( 1 0 , 4 ) , P 4 ( 1 0 , 5 ) , P 4 ( 1 0 , 6 ) / 6 9 . 4 , 1 0 8 . 2 , 1 4 8 . 0 / ,  
P 4 C l l t l ) » P 4 C l l , 2 ) , P 4 ( l l , 3 ) / 1 0 * 7 1 1 2 5 . 6 0 t 4 1 . 2 6 / ,  
P 4 ( 1 1 , 4 ) , P 4 ( 1 1 , 5 ) , P 4 ( 1 1 , 6 ) 7 / 0 . 6 , 1 0 6 . 5 , 1 4 9 . 1 / ,  

P 4 ( 1 2 , 1 ) , P 4 ( 1 2 , 2 ) , P 4 ( 1 2 , 3 ) / 7 . 3 0 , 2 4 . 8 1 , 4 0 . 5 0 / ,  
P 4 C l 2 , 4 ) t P 4 C l 2 f 5 ) » P 4 C l 2 f 6 1 / 7 1 . O » 1 0 9 . 6 , 1 4 9 . 1 / ,

D A T A  Y 4 C 1 , U , Y 4 C 1 , 2 1 / 5 2 4 0 0 0 . 0 , 4 2 0 0 0 0 . 0 /  
D A T A  Y 4 ( 1 , 3 1 , Y 4 C 1 , 4 1 / 3 5 0 0 0 0 . 0 , 3 2 0  0 0 0 . 0 / ,

D A T A  Y 4 ( 4 , 5 ) , Y 4 C 4 , 6 1 / 2 0 0 0 0 . 0 , 1 8 0 0 0 . 0 / ,

4 ( 1 , 5 1
4 ( 2 , 1 1
4 ( 2 , 3 1
4 ( 2 , 5 1
4 ( 3 , 1 1
4 ( 3 , 3 )
4 ( 3 , 5 1
4 ( 4 , 1 1
4 ( 4 , 3 1

4 ( 5 , 1 1  
4 ( 5 , 3 1  
4 ( 5 , 5 1  
4 ( 6 , 1 )  
4 ( 6 , 3 )  
4 ( 6 , 5 )  
4 ( 7 , 1 )  
4 ( 7 , 3 )  
4 ( 7 , 5 )  

D A T A  Y 4 (8 ,  
4 ( 8 , 3 )  
4 ( 8 , 5 )  
4 ( 9 , 1 )  
4 ( 9 , 4 )

Y 4 ( 1 , 6 1 / 2 4 0 0 0 0 . 0 , 2 2 0 0 0 0 . 0 / ,  
Y 4 ( 2 , 2 1 / 4 7 6 0 0 0 . 0 , 2 4 0 0 0 0 . 0 / ,  
Y 4 ( 2 , 4 1 / 1 9 3 0 0 0 . 0 , 1 7 0 0 0 0 . 0 / ,  
Y 4 ( 2 , 6 1 / 1 2 0 0 0 0 . 0 , 1 0 4 0 0 0 . 0 / ,  
Y 4 ( 3 , 2 1 / 6 7 3 0 0 . 0 , 4 6 2 0 0 . 0 / ,  
Y 4 ( 3 , 4 1 / 3 6  00 0 . 0 , 2 9 4 0 0 . 0 / ,  
Y 4 ( 3 , 6 1 / 2 7 0 0 0 . 0 , 2 6 1 0  0 . 0 / ,  
Y 4 ( 4 , 2 1 / 7  0 0 0 0 . 0 , 4 3 0 0 0 . 0 / ,  
Y 4 ( 4 , 4 1 / 3 3 0 0 0 . 0 , 2 5 0 0 0 . 0 /

Y 4 ( 5 , 2 1 / 1 5 4 0 0 . 0 , 1 2 4  0 0 . 0 / ,
Y 4 ( 5 , 4 1 / 1 1 0 0 0 . 0 , 1 0 5 0 0 . 0 / ,
Y 4 ( 5 , 6 1 / 1 0  3 0 0 . 0 , 1 0 6 0 0 . 0 / ,
Y 4 ( 6 , 2 1 / 5 7 6 0 . 0 , 3 8 9 0 . 0 / ,
Y 4 ( 6 , 4 1 / 3 3 0 0 . 0 , 3 1 0 0 * 0 / ,
Y 4 ( 6 , 6 1 / 3  05 0 . 0 , 3 3 1 0 . 0 / ,
Y 4 ( 7 , 2 1 / 1 4 5 0 . 0 , 6 2 3 . 0 / ,
Y 4 ( 7 , 4 1 / 5 7 8 . 0 , 6 0 5 . 0 / ,
Y 4 ( 7 , 6 1 / 6 7 2 . 0 , 7 9 3 . 0 /

1 ) , Y 4 ( 8 , 2 1 / 5 5 4 . 0 , 2 6 9 . 0 / ,
Y 4 ( 8 , 4 1 / 2 7 6 . 0 , 3 2 5 . 0 / ,
Y 4 C 8 , 6 1 / 3 8 1 . 0 , 3 9 5 . 0 / ,
Y 4 ( 9 , 2 ) , 7 4 ( 9 , 3 1 / 6 5 . 1 , 3 9 . 2 , 4 2 . 6 / ,
Y 4 ( 9 , 5 ) , 7 4 ( 9 , 6 1 / 5  3 . 3 , 7 0 . 0 , 1 0 1 . 0 /

4 ( 1 0 , 1 1 , 7 4 ( 1 0 , 2 ) , 7 4 ( 1 0 , 3 1 / 5 . 7 , 4 . 1 3 , 4 . 3 6 / ,
4 ( 1 0 , 4 ) , 7 4 ( 1 0 , 5 1 , 7 4 ( 1 0 , 6 1 / 6 . 9 4 , 1 3 . 7 , 2 4 . 0 / ,  
4 ( 1 1 , 1 1 , 7 4 ( 1 1 , 2 ) , 7 4 ( 1 1 , 3 ) / . 6 9 0 , 0 . 5 3 1 , 0 . 7 4 1 / ,  
4 ( 1 1 , 4 ) , Y 4 ( 1 1 , 5 ) , 7 4 ( 1 1 , 6 1 / 1 . 5 1 , 3 . 3 0 , 6 . 5 4 / ,  
4 ( 1 2 , 1 1 , 7 4 ( 1 2 , 2 ) , 7 4 ( 1 2 , 3 1 / 0 . 2 1 4 , 0 . 1 7 5 , 0 . 2 3 5 /  

D A T A  7 4 ( 1 2 , 4 1 , 7 4 ( 1 2 , 5 1 , 7 4 ( 1 2 , 6 1 / 0 . 5 4  5 , 1 . 4 0 , 3 . 0 1 /

D A T A  X 4 ( 1 , 1 ) , X 4 ( 1 ,  
X 4 ( 1 , 5 )  
X 4 ( 2 , 2 )  
X 4 ( 2 , 5 1 
X 4 ( 3  , 21 
X 4 ( 3 , 5 )  
X 4 ( 4 , 2 1  
X 4 ( 4 , 5 1

1 X 4 ( 1 , 4 1
2 X4 ( 2 , 1 1
3 X4 ( 2 , 4 )
4 X 4 ( 3 , 1 1
5 X 4 ( 3 , 4)
6 X 4 ( 4 , 11
7 X 4 ( 4 , 4 )

2 ) , X 4 ( l , 3 ) / . 9 8 , . 9 6 5 , . 9 5 / ,  
, X 4 ( 1  , 6 ) / . 9 4 , . 9  0 7 , . > 3 7 3 / ,
, X 4 ( 2 , 3 ) / . 9 9 , . 9 8 , . 9 6 8 / ,  
, X 4 ( 2  , 6 ) / . 9 5  3 , . 9 2  3 , . 9  0 / ,  
i , X 4 ( 3  , 3 ) / . 9 8 , .9 7 6 , . 9  64 6 / ,  
i , X 4 ( 3 , 6 ) / . 9 4 8 4 , . 9 3 4 , . 9 2 2  5 / ,  
l , X 4 ( 4 , 3 ) / . 9 8 5 , . 9 8 , . 9 7  5 / ,  
i , X 4 ( 4 , 6 ) / . 9 6 8 , . 9 5 , . 9 5 5 / ,
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8 X 4 ( 5 , 1 ) , X 4 ( 5 , 2 ) , X 4 ( 5 , 3 ) / . 9 8 0 7 , . 9 7 1 4 , . 9 5 9 1 / ,
9 X 4 ( 5 , 4 ) , X 4 ( 5 , 5 ) , X 4 ( 5 , 6 ) / . 9 4 6 5 , . 9 3 8 , . 9 3 5 /
D A T A  X 4 C 6 , 1 ) , X 4 ( 6 , 2 ) , X 4 ( 6 , 3 ) / . 9 9 1 5 , . 9 8 5 1 , . 9 7 7 / ,

1 X 4 C 6 , 4 ) , X 4 ( 6 , 5 3 , X 4 C 6 , 6 ) / . 9 6 7 , . 9 5 8 6 ,  . 9 4  9 3 / ,
2 X 4 ( 7 , l ) , X 4 ( 7 , 2 ) , X 4 ( 7 , 3 ) / . 9 9 7 , . 9 8 7 9 , . 9 8 2 3 / ,
3 X 4 C 7 , 4 ) , X 4 C 7 , 5 ) , X 4 C 7 , 6 ) / . 9 7 4  5 , . 9 6 7 9 , . 9 6 / t
4 X 4 ( 8 , 1 ) , X 4 ( 8 , 2 ) , X 4 ( 8 , 3 ) / . 9 9 8 , . 9 8 9 5 , . 9 8 1 / ,
5 X 4 ( 8 , 4 ) , X 4 ( 8 , 5 ) , X 4 ( 8 , 6 ) / . 9 7 4 5 , . 9 7 , . 9 6 8 8 / ,
6 X 4 ( 9 , 1 ) , X 4 ( 9 , 2 ) , X 4 ( 9 , 3 ) / . 9 9 5 , . 9 9 1 , . 9 8 8 / ,
7 X 4 ( 9 , 4 ) , X 4 C 9 , 5 ) , X 4 < 9 , 6 ) / . 9 8 5 , . 9 8 1 3 , . 9 7 6 /
8 X 4 C l O f 1 ) , X 4 C 1 0 , 2 3 , X 4 C l 0 , 3 ) / l . , l . f l . /,
9 X 4 C 1 0 , 4 ) , X 4 C 1 0 , 5 ) , X 4 C l O , 6 ) / l .
D A T A  X 4 C l l t l ) , X 4 C l l , 2 ) , X 4 C l l f 3 ) / l . , l . , l . / ,

1 X 4 ( l l , 4 ) , X 4 C 1 1 , 5 ) , X 4 ( l l , 6 ) / 1 . , ! . , ! . / ,
2 X 4 C 1 2 , 1 ) , X 4 ( 1 2 , 2 ) , X 4 C 1 2 , 3 ) / 1 . , 1 . , 1 . / ,
3 X 4 C 1 2 , 4 ) , X 4 C 1 2 , 5 ) , X 4 C 1 2 , 6 ) / 1 . , 1 . , 1 . /
D A T A  E F 4 ( 1 , 1 ) , E F 4 ( 1 , 2 ) , E F 4 ( 1 , 3 ) / 1 . 2 0 1 , 1 . 3 4 4 , 1 . 4 4 0 / ,

1 E F 4 C l , 4 ) , E F 4 C 1 , 5 ) , E F 4 C 1 , 6 3 / 1 . 5  0 0 , 1 . 7 9 1 , 2 . 1 0 / ,
2 E F 4 C 2 , 1 ) , E F 4 C 2 , 2 ) , E F 4 C 2 , 3 ) / 1 . 1 5 , 1 . 2  8 5 , 1 . 4 4 7 / ,
3 E F 4 C 2 , 4 ) , E F 4 C 2 , 5 ) , E F 4 C 2 , 6 3 / 1 . 6 3 9 6 , 1 . 9 3 5 , 2 . 2 2 8 / ,
4 E F 4 C 3 , 1 ) , E F 4 C 3 , 2 ) , E F 4 C 3 , 3 3 / 1 . 2 9 , 1 . 4 5 , 1 . 6 6 / ,
5 6 F 4 C 3 , 4 ) , E F 4 C 3 , 5 ) , E F 4 C 3 , 6 3 / 2 . 0 3 , 2 . 4 7 , 2 . 8 7 / ,
6 E F 4 C 4 , 1 ) , E F 4 C 4 , 2 3 , E F 4 C 4 , 3 3 / 1 . 1 0 4 , 1 . 3 5 6 , 1 . 4 5 7 / ,
7 E F 4 C 4 , 4 ) , E F 4 C 4 , 5 ) , E F 4 C 4 , 6 3 / 1 . 5 1 9 , 1 . 9 , 2 . 2 7 1 / ,
8 E F 4 C 5 , 1 3 , E F 4 C 5 , 2 ) , E F 4 C 5 , 3 3 / 1 . 5 3 , 1 . 8 4 , 2 . 4 / ,
9 E F 4 C 5 , 4 ) , E F 4 C 5 , 5 ) , E F 4 C 5 , 6 ) / 3 . 1 , 3 . 3 2 , 3 . 3 6 /
D A T A  E F 4 C 6 , 1 ) , E F 4 C 6 , 2 ) , E F 4 C 6 , 3 ) / 1 . 3 6 , 1 . 6 5 , 2 . 1 8 / ,

1 E F 4 C 6 , 4 ) , E F 4 C 6 , 5 ) , E F 4 C 6 , 6 ) / 2 . 9 6 , 3 . 9  9 , 5 . 2  3/,
2 E F 4 C 7 , 1 ) , E F 4 C 7 , 2 ) , E F 4 C 7 , 3 ) / 1 . 1 6 , 1 . 9 9 , 2 . 7 7 / ,
3 E F 4 C 7 , 4 ) , E F 4 C 7 , 5 ) , E F 4 C 7 , 6 3 / 4 . 3 7 , 6 . 4 5 , 9 . 4 7 / ,
4 E F 4 C 8 , 1 ) , E F 4 C 8 , 2 ) , E F 4 C 8 , 3 ) / 1 . 2  7 , 2 . 4  0 , 4 . 9 / ,
5 E F 4 C 8 , 4 ) , E F 4 C 8 , 5 ) , E F 4 C 8 , 6 ) / 8 . 0 3 , 1 1 . 4 , 1 2 . 3 / ,
6 E F 4 C 9 , 1 ) , E F 4 C 9 , 2 ) , E F 4 C 9 , 3 3 / 1 . 3 2 , 3 . 2 3 , 5 . 1 0 / f
7 E F 4 C 9 , 4 ) , E F 4 C 9 , 5 ) , E F 4 C 9 , 6 ) / 8 . 7 8 , 1 5 . 2 , 2 8 . 5 /
3 E F 4 C 1 0 , 1 ) * E F 4 C 1 0 , 2 ) , E F 4 C 1 0 , 3 3 / 1 . 6 2 , 2 . 9 2 , 4 . 9 2 / ,
9 E F 4 C 1 0 , 4 ) , E F 4 C 1 0 , 5 ) , E F 4 C 1 0 , 6 3 / 1 3 . 8 , 4 2 . 5 , 1 0 2 . 0 /
D A T A  E P 4 C 1 1 t 1 ) , E F 4 C 1 1 , 2 3 / 1 . 9 3 , 3 . 3 8 / ,

1 E F 4 C 1 1 , 3 ) , E F 4 C l l , 4 ) / 7 . 9 9 , 2 7 . 8 / ,
2 E F 4 C 1 1 , 5 ) , E F 4 C 1 1 , 6 3 / 9 1 . 7 , 2 5 5 . 0 / ,
3 E F 4 C 1 2 , 1 ) , E F 4 C 1 2 , 2 3 / 1 . 6 4 , 4 . 5 7 / ,
4 E F 4 C 1 2 , 3 ) , E F 4 C 1 2 , 4 3 / 1 0 . 0 , 4 0 . 7 / ,
5 E F 4 C 1 2 , 5 3 ,  E F 4 C l 2 , 6 3 / 1 6 2 . 0 , 4 7 3 . 0 /
R E A D  T H E  T H I R D  V I R I A L  C O E F F I C I E N T  O F  KR
R E A D  T H E  T O T A L  P R E S S U R E , M O L A R  F R A C T I O N  O F  KR I N  T H E  
V A P O R  A N D  L I Q U I D  P H A S E , E X P E R I M E N T A L  E N H A N C E M E N T  F A C T O R  
D A T A  P 2 C 1 , 1 ) , P 2 C 1 , 2 ) , P 2 C 1 , 3 3 / 1 0 . 1 7 , 2 0 . 1 8 , 4 0 . 2 9 / ,

1 P 2 C 1 , 4 ) , P 2 C 1 , 5 ) , P 2 C 1 , 6 3 / 3 0 . 9 , 1 0 0 . 0 , 1 2 0 . 8 / ,
2 P 2 C 2 , 1 ) , P 2 C 2 , 2 ) , P 2 C 2 , 3 3 / 9 . 8 9 , 1 0 . 2 2 , 2 0 . 2 / ,
3 P 2 C 2 , 4 3 , P 2 C 2 , 5 3 , P 2 C 2 , 6 3 / 3 9 . 9 2 , 7 9 . 4 , 1 1 7 . 7 / ,
4 P 2 C 3 , 1 ) , P 2 C 3 , 2 3 , P 2 C 3 , 3 3 / 4 . 7 3 , 1 0 . 0 7 , 2 0 . 1 / ,
5 P 2 C 3 , 4 ) , P 2 C 3 , 5 ) , P 2 C 3 , 6 3 / 4 1 . 6 0 , 7 9 . 0 , 1 1 9 . 0 / ,
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6 P 2 ( 4 , l ) , P 2 ( 4 , 2 ) , P 2 ( 4 , 3 ) / 9 . 8 , 2 0 . 0 , 3 9 . 8 9 / ,
7 P 2 ( 4 , 4 ) , P 2 ( 4 , 5 ) , P 2 ( 4 , 6 ) / 7 9 . 5 , 8 1 . 2 , 1 2 0 . 0 / ,
8 P 2 ( 5 , 1 ) , P 2 ( 5 , 2 ) , P 2 ( 5 , 3 ) / 2 . 6 2 , 2 0 . 0 , 3 9 . S 5 / ,
9 P 2 ( 5 , 4 ) , P 2 ( 5 , 5 ) , P 2 ( 5 , 6 ) / 7 9 . 4 , 8 0 . 6 , 1 1 5 . 5 /
D A T A  P 2 ( 6 , l ) , P 2 ( 6 , 2 ) , P 2 ( 6 , 3 ) / 4 . 2 , 2 0 . 2 , 4 0 . 2 8 / ,

1 P 2 ( 6 , 4 ) , P 2 ( 6 , 5 ) , P 2 ( 6 , 6 ) / 6 4 . 6 , 8 0 . 4 , 1 0 6 . 6 / ,
2 P 2 ( 7 , 1 D , P 2 C 7 , 2 ) , P 2 C 7 , 3 ) / 4 . 0 2 , 1 0 . 0 9 , 2 0 . 0 4 / ,
3 P 2 ( 7 , 4 ) , P 2 ( 7 , 5 ) , P 2 ( 7 , 6 ) / 3 9 . 9 * 8 0 . 0 , 1 0 5 . 0 / ,
4 P 2 C 8 , l ) f P 2 C 8 , 2 ) , P 2 ( 8 , 3 ) / 4 . 1 , 1 0 . 0 , 1 9 . 3 2 / ,
5 P 2 C 8 , 4 ) , P 2 C 8 , 5 ) , P 2 ( 8 , 6 3 / 3  9 . 3 , 5 9 . 8 , 3 0 . 0 / ,
6 P 2 ( 9 , 1 ) , P 2 ( 9 , 2 ) , P 2 ( 9 , 3 ) / 1 0 . 0 , 1 9 . 6 ^ 3 7 . 6 / ,
7 P 2 C 9 , 4 ) , P 2 C 9 , 5 ) , P 2 C 9 , 6 3 / 5 9 . 9 , 7 9 . 3 , 9  0 . 7 /
D A T A  Y 2 C 1 , 1 3 , Y 2 C 1 , 2 ) , Y 2 C 1 , 3 3 / 0 . 6 6 9 , 0 . 3 6 1 , 0 . 1 8 3 / ,

1 Y 2 C 1 , 4 ) , Y 2 ( l f 5 ) , T 2 ( l , 6 ) / . 1 0 2 , 0 . 0 9 , 0 . 0 7 1 5 / ,
2 Y 2 ( 2 , 1 3 , Y 2 ( 2 , 2  3 , 7  2 ( 2 , 3 ) / . 4 1 6 , 0 . 3 9  5 , 0 . 2 1 3 / ,
3 Y 2 ( 2 , 4 ) ,  Y 2 ( 2 , 5 ) , Y 2 ( 2 , 6 3 / 0 . 1 1 2 , 0 . 0 5 9 ,  0 . 0 4  3 7 / ,
4 Y 2 ( 3 , 1 ) , Y 2 ( 3 , 2 ) , Y 2 ( 3 , 3 3 / 0 . 4 5 7 , 0 . 2 2  0 , 0 . 1 1 3 / ,
5 Y 2 ( 3 , 4 ) , Y 2 ( 3 , 5 ) , Y 2 ( 3 , 6 3 / 0 . 0 5  90, 0 . 0 3 3 9 ,  0 . 0 2  5/,
6 Y 2 ( 4 , 1 ) , Y 2 ( 4 , 2 3 , Y 2 ( 4 , 3 3 / 0 . 1 1 6 , 0 . 0 5 9 5 ,  0 . 0 3 2 / ,
7 Y 2 ( 4 , 4 ) , Y 2 ( 4 , 5 3 , Y 2 ( 4 , 6 3 / 0 . 0 1 8 2 , 0 . 0 1 7 5 , 0 . 0 1 3 3 / ,
8 Y 2 ( 5 , l ) , Y 2 ( 5 , 2 ) , Y 2 ( 5 , 3 ) / 0 . 3 1 4 , 0 . 0 4  5 1 , 0 . 0 2 5 1 / ,
9 Y 2 ( 5 , 4 ) , Y 2 ( 5 , 5 3 , Y 2 ( 5 , 6 3 / 0 . 0 1 3 4 , 0 . 0 1 3 2 , 0 . 0 0 9 7 8 /  
D A T A  Y 2 ( 6 , 1 ) , Y 2 ( 6 , 2 ) , Y 2 ( 6 , 3 3 / 0 . 1 6 4 , 0 . 0 3 6 2 , 0 . 0 1 9 3 / ,

1 Y 2 ( 6 , 4 ) , Y 2 ( 6 , 5 3 , Y 2 ( 6 , 6 3 / 0 . 0 1 2 , 0 . 0 1 0 6 , 0 . 0 0 8 1 5 /
D A T A  Y 2 ( 7 , 1 ) , Y 2 ( 7 , 2 ) , Y 2 ( 7 , 3 ) / . 0 9 9 7 , 0 . 0 4 2 , 0 . 0 2 1 2 / ,

1 Y 2 ( 7 , 4 ) , Y 2 ( 7 , 5 ) , Y 2 ( 7 , 6 ) / . 0 1 1 4 , . 0 0 6 5  3 , . 0 0 5 3 5 / ,
2 Y 2 ( 8 , 1 ) , Y 2 ( 8 , 2 ) , Y 2 ( 8 , 3 ) / . 0 5 5 5 , . 0 2 3 5 , . 0 1 2 / ,
3 Y 2 ( 8 , 4 ) , Y 2 ( 8 , 5 ) , Y 2 ( 9 , 6 ) / . 0 0 6 5 , . 0 0 4 5 2 , . 0 0 3 6 4 / ,
4 Y 2 ( 9 , 1 ) , Y 2 ( 9 , 2 3 , Y 2 ( 9 , 3 3 / . 0 1 2 1 , . 0 0 3 6 3 , . 0 0 2 5 / ,
5 Y 2 ( 9 , 4 ) , Y 2 ( 9 , 5 3 , Y 2 ( 9 , 6 ) / . 0 0 2 4 , . 0 0 1 9 , . 0 0 1 8 4 /
D A T A  X 2 ( 1 , 1 ) , X 2 ( 1 , 2 ) , X 2 ( 1 , 3 ) / . 9 9 9  6 , . 9 9  8 , . 9 9 5 / ,

1 X 2 ( 1 , 4 ) , X 2 ( 1 , 5 ) , X 2 ( 1 , 6 ) / . 9 9  8 4 , . 9 S 6 , . 9 8  3/,
2 X 2 ( 2 , l 3 , X 2 ( 2 , 2 3 , X 2 ( 2 , 3 ) / . 9 9 9 5 , . 9 9 9 5 , . 9 9 8 4 / ,
3 X 2 ( 2 , 4 ) , X 2 ( 2 , 5 ) , X 2 ( 2 , 6 ) / . 9 9  6 4 , . 9 9 2  2 , . 9 9 8 5 / ,
4 X 2 ( 3 , l 3 , X 2 ( 3 , 2 3 , X 2 ( 3 , 3 3 / . 9 9 9 9 , . 9 9 9 5 , . 9 9 9 / ,
5 X 2 ( 3 , 4 ) , X 2 ( 3 , 5 ) , X 2 ( 3 , 6 ) / . 9 9  7 , . 9 9 5 , . 9  9 2 / ,
6 X 2 ( 4 , 1 ) , X 2 ( 4 , 2 3 , X 2 ( 4 , 3 3 / . 9 9 9 7 , . 9 9 9 2 , . 9 9 8 2 / ,
7 X 2 ( 4 * 4 3 , X 2 ( 4 , 5 3 , X 2 ( 4 , 6 3 / . 9 9 6 2 , . 9 9 6 1 5 , . 9 9 4 / ,
8 X 2 ( 5 , 1 3 , X 2 ( 5 , 2 3 , X 2 ( 5 , 3 ) / . 9 9 9 9 , . 9 9 9 2 , . 9 9 8 5 / ,
9 X 2 ( 5 , 4 ) , X 2 ( 5 , 5 ) , X 2 ( 5 , 6 ) / . 9 9  7 , . 9 9  7 , . 9  9 6 /
D A T A  X 2 ( 6 , 1 ) , X 2 ( 6 , 2 ) , X 2 ( 6 , 3 ) / 1 . , 1 . , 1 . / ,

1 X 2 ( 6 , 4 3 , X 2 ( 6 , 5 3 , X 2 ( 6 , 6 3 / 1 . , ! . , ! . /
D A T A  X 2 ( 7 , 1 3 , X 2 ( 7 , 2 3 , X 2 ( 7 , 3 3 / 1 . 0 , 1 . 0 , 1 . 0 / ,

1 X 2 ( 7 , 4 ) , X 2 ( 7 , 5 ) , X 2 ( 7 , 6 3 / 1 . 0 , 1 . 0 , 1 . 0 / ,
2 X 2 ( 9 , 1 3 , X 2 ( 8 , 2 3 , X 2 ( 8 , 3 3 / 1 . 0 , 1 . 0 , 1 . 0 / ,
3 X 2 ( 8 , 4 ) , X 2 ( 8 , 5 3 , X 2 ( 8 , 6 3 / 1 . 0 , 1 . 0 , 1 . 0 / ,
4 X 2 ( 9 , 1 ) , X 2 ( 9 , 2 ) , X 2 ( 9 , 3 3 / 1 . 0 , 1 . 0 , 1 . 0 / ,
5 X2 0 , 4 ) , X 2 ( 9 , 5 ) , X 2 ( 9 , 6 3 / 1 . 0 , 1 . 0 , 1 . 0 /
D A T A  E F 2 ( 1 , 1 ) , E F 2 ( 1 , 2 ) , E F 2 ( 1 , 3 3 / 1 . 0 5 , 1 . 1 2 , 1 . 1 7 / ,

1 E F 2 ( 1 , 4 3 , E F 2 ( 1 , 5 3 , E F 2 ( 1 , 6 3 / 1 . 2 8 , 1 . 3 0 , 1 . 3 3 / ,
2 E F 2 ( 2 , 1 3 , E F 2 ( 2 , 2 ) , E F 2 ( 2 , 3 ) / 1 . 0 7 , 1 . 0 8 , 1 . 1 5 / ,
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3 E F 2 ( 2 , 4 )
4 E F 2 ( 3 1 1)
5 E F 2 ( 3 , 4 )
6 E F 2 ( 4 , 1 )
7 E F 2 ( 4 , 4 )
8 E F 2 C 5 , 1 )
9 E F 2 ( 5 , 4 )  
D A T A  E F 2 ( 6 ,

1 E F 2 C 6  * 4 )
D A T A  E F 2 C 7 ,

1 E F 2 ( 7 , 4 )
2 E F 2 C  8 , 1 3
3 E F 2 ( 8 , 4 )
4 E F 2 ( 9 , 1 )
5 E F 2 ( 9 , 4 )

* E F 2 C 2  » 5 )  
, E F 2 C 3 , 2 )  
, E F 2 ( 3 , 5 )  
, E F 2 ( 4 , 2 )  
, E F 2 ( 4 , 5 )  
, E F 2 ( 5 , 2 )  
» E F 2 C 5 f 5 )  
1 3  * E F 2 C 6 »  
t  E F 2 C 6 *  5 )  
1 ) , E F 2 ( 7 ,  
, E F 2 C 7 , 5 )  
» E F 2 C  8 * 2 3  
» E F 2 C 8  » 5 3 
f E F 2 ( 9 , 2 3  
» E F 2 C 9 • 5  3

E F 2 C 2 , 6 3 / 1 . 1 9 , 1 . 2 5 , 1 . 3 7 / ,  
E F 2 C 3 , 3 3 / 1 . 0 7 , 1 . 0 9 , 1 . 1 2 / ,  
E F 2 ( 3 , 6 3 / 1 . 2 1 , 1 . 3 2 , 1 . 4 6 / ,  
E F 2 C 4 , 3 3 / 1 . 0 5 , 1 . 1 , 1 . 1 8 / ,
E F 2 < 4 , 6  3 / 1 . 3 4 , 1 . 3 1 , 1 . 4 7 / ,  
E F 2 C 5 , 3 3 / 1 . 0 2 , 1 . 1 2 , 1 . 2 4 / ,  

, E F 2 ( 5 , 6 3 / 1 . 3 2 , 1 . 3 2 , 1 . 4 /
2 3 , E F 2 ( 6 , 3 3 / 1 . 0 3 , 1 . 0 9 , 1 . 1 6 / ,  
, E F 2 C 6 , 6 3 / 1 . 1 6 , 1 . 2 8 , 1 . 3 /
2 3 , E F 2 < 7 , 3  3 / 1 . 0 2 , 1 . 0 7 , 1 . 0 8 / ,  

E F 2 ( 7 , 6 3 / 1 . 1 5 , 1 . 3 2 , 1 . 4 2 / ,  
E F 2 C 8 , 3 3 / 1 . 0 3 , 1 . 0 6 , 1 . 0 7 / ,  
E F 2 ( 8 ,  6 3 / 1 . 1 5  , 1 . 2 2 ,  1 . 3 1 / ,  
E F 2 ( 9 , 3 3 / 1 . 0 4 , 1 . 0 8 , 1 . 1 6 / ,  
E F 2 < 9 , 6 3 / 1 . 2 3 , 1 . 3 0 , 1 . 2 6 /

R E A D  T H E  P R E S S  O F  S

D A T A  P 3 ( 1, 
1 P 3 C 1 , 4 3 ,

P 3 ( 2 , 4 3 ,  
P 3 ( 3 , 4 3  , 
P 3 C  2 , 3 3 ,  
P 3 ( 4 , 3 3 /  

D A T A  P 3 C 5 ,  
l P 3 C 6 , 1 3 ,  

P 3 C  7,1 3 , 
P 3 C 5 , 4 3 ,  
P 3 C 8 , 1 3 ,  
P 3  C 8 , 4  3 , 
P 3 C  9 , 3 3  , 

D A T A  T 3 ( l ,  
1 Y 3 ( 2 , 1 3 ,

7 3 ( 3 , 1 3 ,  
Y 3 C 4  » 13 » 
Y 3 ( 5 , l 3 ,  
Y 3 ( 6 , 1 3 ,  
Y 3 ( 7 , l 3• 
Y 3 ( 1 , 4 3  , 
Y 3 ( 4 , 4 3 ,  
Y 3 ( 7 , 4 3 ,  

D A T A  Y 3 ( 8 ,  
1 Y 3 ( 9 , 2 3 ,

1 3 , P 3 (  1 
P 3 ( 2 ,  13 
P 3 ( 3 , 1 3  
P 3 ( 4  * 13 
P 3 ( 3 , 3 3  
8 2 . 0 6 /
1 3 , P 3 ( 5  
P 3 ( 6 , 2 3  
P 3 ( 7  ,23 
P 3 ( 6 , 4  3 
P 3 ( 3 , 2 3  
P 3 ( 9 , 1 3  
P 3 ( 9 , 4 3 /  
1 3 , Y 3 ( l
Y 3 ( 2 , 2 3
Y 3 ( 3 , 2  3 
Y 3 ( 4 , 2 3  
Y 3 ( 5 , 2 3  
Y 3 ( 6 , 2 3  
Y 3 ( 7 , 2 3  
Y 3 ( 2 , 4 3
Y 3 ( 5 , 4  3
Y 3 ( 8  , 13 
3 3 , Y 3 (8 
Y 3 ( 9 ,33

23 
P 3 
P3 
P3 
P 3

23 
P3 
P 3 
P 3 
P 3 
P3 
9 6 5  
23
Y 3
Y 3 
Y 3
Y 3
Y 3 
Y3 
Y3 
Y 3
Y 3 
43
Y 3

S T E M  A N D  C O M P O S I T I O N

P 3 C 1 , 3 3 / 3 5 . 3 5 , 4  3 . 2 3 , 8 5 . 5 3 / ,  
2 , 2 3 / 1 4  0 . 1 , 3 8 . 2 1 , 4  8 . 7 2 / ,  
3 , 2 3 / 1 1 9 . 2 , 3 3 . 5 1 , 4 6 . 8 4 / ,  
4 , 2 3 / 1 3 4 . 2 , 2 2 . 8  3 , 3 1 . 3 8 / ,  
4 , 4 3 / 7 0 . 0 2 , 7 5 . 8 , 1 5 1 . 7 / ,

3 , 3 3 / . 5 0 7 9 , . 3 8 5 3 , . 2 6 2 4 / ,
4 , 3 3 / . 5 0 7 9 , . 3 8 5 3 , . 1 7 1 5 / ,
5 , 3 3 / . 3 8 5 3 , . 2 6 2 4 , . 1 1 0 3 / ,
6 , 3 3 / . 2 4 7 , . 1 0 4 , . 0 5 5 7 / ,
7 , 3 3 / . 0 5 , . 0 2 0 3 , 0 . 0 1 1 1 / ,
3 , 4 3 / . 3 8 5 , . 2 6 2 4 , . 2 6 2 4 / ,
6 , 4 3 / . 1 1 0 , . 0 9 1 9 , . 0 3 7 9 / ,  
8 , 2 3 / 0 . 0 0 8 5 , 0 . 0 1 6 9 , 0 . 0 1 0  5 /  
7 3 ( 9 , 1 3 / 0 . 0 0 8 6 2 , 0 . 0 0 7 1 4 , 0 . 0 0 1 6 / ,  
9 , 4 3 / 0 . 0 0 1 8 , 0 . 0 0 2 4 , 0 . 0 0 2 4 /

I N P U T  D A T A  F O R  M O L A R  F R A C T I O N  OF T H E  H E A V Y  C O M P O N E N T  
I N T H E  L I Q U I D  P H A S E

D A T A  X 3 ( 1 , 1 3 , X 3 ( 1 , 2 3 , X 3 ( l , 3 3 / . 9 9 2 6 , . 9 8 2 7 , . 9 3 1 6 / ,
1 X 3 C l , 4 3 » X 3 ( 2 , 1 3 » X 3 ( 2 » 2 3 / . 8 6 8 3 , . 9 8 1 7 , . 9 7 1 7 / ,
2 X 3 ( 2 , 3 3 , X 3 ( 2 , 4 ) , X 3 ( 3 , 1 3 / . 9 5 2 , . 9 0 3 , . 9 S 1 7 / ,
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3 X 3 ( 3 , 2 ) , X 3 C 3 , 3 ) , X 3 ( 3 , 4 ) / . 9 7 2  3 , . 9 4  9 6 , . 9 0 5 2 / ,
4 X 3 ( 4 . 1 3 » X 3 ( 4 , 2 ) , X 3 ( 4 , 3 ) / . 9 9 0 6 , . 9 7 2 3 i . 9 4 9 6 / ,
5 X 3 ( 4 , 4 ) , X 3 ( 5 , 1 ) , X 3 ( 5 , 2 ) / . 9 0 2  6 , . 9 9 1 , .9 8 3 8 / ,
6 X 3 ( 5 , 3 ) , X 3 ( 5 , 4 ) , X 3 ( 6 , l ) / . 9 4  8 5 , . 9 3 4 , . 9 9 2 / ,
7. X 3 ( 6 , 2 ) , X 3 ( 6 , 3 ) , X 3 ( 6 , 4 ) / . 9 8 1 1 , . 9 4 4 , . 9 4 5 / ,
8 X 3 ( 7 , l ) , X 3 ( 7 , 2 ) , X 3 ( 7 , 3 ) / . 9 9 6 , . 9 9 0 , . 9  7 / ,
9 X 3 ( 7 , 4 ) , X 3 ( 8 , 1 ) , X 3 ( 8 , 2 ) / . 9 6 1 S , . 9 9 8 , . 9 9 1 /
O A T  A X 3 ( 8 , 3 ) , X 3 ( 8 , 4 ) , X 3 ( 9 , 1 ) / . 9 8 7 , . 9 8 7 , 1 . / ,

1 X 3 ( 9 , 2 ) , X 3 ( 9 , 3 ) , X 3 ( 9 , 4 ) / 1 . , 1 . , 1 . /
E N D
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S U B R O U T I N E  N A P O
SUBPROGRAM FOR C A L C U L A T E  THE SECOND V I R I A L  C O E F F .
U S I N G  THE K I H A R A  MODEL

D O U B L E  P R E C I S I O N  T E T 1 , T E T 2 , T E T 3 , S E T 1 , S E T 2 ,
1 S E T 3 , P E T 1 , P E T 2 , P E T 3  
D I M E N S I O N  Z U F C 9 ) , F 3 ( 9 ) , F 2 ( 9 ) » F 1 C 9 ) , R 1 C 4 0 ) , R 2 C 4 0 ) , R 3 ( 4 0 )  
C O M M O N  / M A I N /  T E M P M ( 9 ) , N T , N V , B ( 9 ) , 8 1 1 ( 9 ) , 8 2 2 ( 9 ) , B 1 2 ( 9 ) ,

1 C 1 1 1 C 9 ) , C 1 1 2 ( 9 ) , C 1 2 2 C 9 ) , C 2 2 2 C 9 ) , Y V E C 9 , 6 ) , Y V 1 C 9 , 6 ) ,
2 Y V 2 ( 9 , 6 ) , T E C E 1 , P R E C T M , P E M T P M C 9 ) , U K V ,
3 A N A V , O I S l , 0 1  S 2 , P ) C M l , P K M 2 f  S U R I  f S U R 2 , V 0 L U l , V Q L U 2 ,
4 U N E R 1 , U N E R 2 , D I S , P K M , S U R , V 0 L U , U N E R , T E C E 0 2 , A M M 1 ,
5 A M M 2 , X C 1 , X C 2 , V L C 1 , V L C 2 , E X , Y 1 ( 9 , 6 ) , Y 2 C 9 , 6 ) ,
6 Y 3 ( 9 , 6 ) , Y 4 C 9 , 6 ) , X 1 C 9 , 6 ) , X 2 C 9 , 6 ) , X 3 C 9 , 6 ) ,
7 X 4 C 9 , 6 ) , E F 1 C 9 , 6 ) , E F 2 C 9 , 6 ) , E F 3 ( 9 , 6 ) i E F 4 ( 9 , 6 ) ,
3 N S Y S , 0 E D 0 1 2

M = 4  0
A N A V - «  6 0 2 3 8  
P I = 3 . 1 4 1 6

R E W I N D  15
R E A D C 1 5 , 7 ) C R 1 C J ) , R 2 C J ) , R 3 C J ) , J = 1 , M )
F 0 R M A T C 3 E )

C A L C U L A T E  T H E  K I H A R A  P A R A M E T E R  

0 0  8 0  1 — 1 , N T
Z U F C I ) = U N E R 1 / T E M P M ( I )
F 1 C I ) = 0 .
F 2 ( I ) = 0 .
F 3 ( I ) = 0 .

C
0 0  81 K = 1 , M

C

C

C

T - F L O A T ( K ) - l •
C A L C U L A T E  T H E  V A L U E  O F  F I  
T E T 1 = ( 6 . * T + 1 . ) / 1 2 . 0  
T E T 2 = Z U F ( I ) * * T E T 1  
T E T 3 = R 1 ( K ) * T E T 2  
F 1 ( I ) = F 1 ( I ) + T E T 3  

C A L C U L A T E  T H E  V A L U E  O F  F 2  
P E T l = ( 6 . $ T + 2 . ) / 1 2 .  
P E T 2 = Z U F ( I ) * * P E T 1  
P E T 3 = R 2 C K ) * P E T 2  
F 2 ( I ) = F 2 ( I ) + P E T 3  

C A L C U L A T E  T H E  V A L U E  O F  F 3  
S E T l = ( 6 . * T + 3 . ) / 1 2 .  
S E T 2 = Z U F ( I ) * * S E T 1  
S E T 3  = R 3 C O * S E T 2  
F 3 ( I ) = F 3 ( I ) + S E T 3

81 CONTINUE
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B E l = 2 « * P I * ( D I S * * 3 ) * F 3 C I ) / 3 .  
3 E 2 = P K M * ( D I S $ * 2 ) * F 2 ( I )  
B E 3 = ( S U R + ( ( P K M $ * 2 ) / ( 4 . * P I ) ) ) $ D I S $ F 1 ( I )  
B E 4  = V 0 L U + ( ( P K M * S U R ) / ( 4 . * P D )  
B E 5 = 8 E 1 + 8 E 2 + 3 E 3 + 9 E 4  
8 ( I ) = B E 5 * A N A V  

3 0  C O N T I N U E  
R E T U R N  
E N D
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S U B R O U T I N E  P I P A
D I M E N S I O N  Z U F ( 1 2 ) , F 3 ( 1 2 ) , F 2 ( 1 2 ) , F 1 ( 1 2 ) , R 1 ( 4 0 ) , R 2 ( 4 0 ) , R 3 ( 4 0 )

C .  C O M M O N  D A T A
C O M M O N  / M A I N /  T E M P M C 9 ) , N T , N V , B ( 9 ) , 3 1 1 ( 9 ) , B 2 2 C 9 ) , 9 1 2 ( 9 ) ,

1 C l l l ( 9 ) , C 1 1 2 ( 9 ) , C 1 2 2 ( 9 ) , C 2 2 2 ( 9 ) , r V E ( 9 , 6 ) , Y V l ( 9 , 6 ) ,
2 Y V 2 ( 9 , 6 ) , T E C E 1 , P R E C T M , P E M T P M ( 9 ) , U K V ,
3 A N A V , D I S 1 , D I S 2 , P K M 1 , P K M 2 , S U R 1 , S U R 2 , V 0 L U 1 , V 0 L U 2 ,
4 U N E R l , U N E R 2 , D I S , P K M , S U R , V O L U , U N E R , T E C E 0 2 , A M M l f
5 A M M 2 , X C 1 , X C 2 , V L C l , V L C 2 , E X , Y l ( 9 , 6 ) f Y 2 ( 9 , 6 ) ,
6 Y 3 ( 9 , 6 ) , Y 4 C 9 , 6 D , X 1 ( 9 , 6 ) , X 2 ( 9 , 6 ) , X 3 ( 9 , 6 ) ,
7 X 4 ( 9 , 6 ) , E F 1 ( 9 , 6 ) , E F 2 ( 9 , 6 ) , E F 3 ( 9 , 6 ) , E F 4 ( 9 , 6 ) ,
8 N S Y  S , D E D 0 1 2  
M = 4 0
P I = 3 . 1 4 1 6  
R E W I N D  15
R E A 0 C 1 5 , 7 ) ( R l ( J ) , R 2 ( J ) , R 3 ( J ) t J = 1 , M )

7 F 0 R M A T ( 3 E )
D O  9 0  1 = 1 , N T

D I S 1 2 = ( D I S 1 + 3 I S 2 ) * 0 . 5  
U N E R 1 2 = ( U N E R 1 * U N E R 2 ) * * 0 . 5 * ( 1 . -  U K V )  
Z U F ( I ) = U N E R 1 2 / T 5 M P M ( I )

C ..........C A L C U L A T E  T H E  V A L U E  O F  K I H A R A  P A R A M E T E R
F 1 ( I ) = 0 .
F 2 ( I ) = 0 .
F 3 ( I ) = 0 .
E X I = 0 0 E - 1 0  
D O  91 K = 1 , M

P = F L 0 A T ( K ) - 1 .
T H E  V A L U E  O F  F l

T E T 1 = ( 6 . * P + 1 . ) / 1 2 . 0  
T E T 2 = Z U F ( I ) $ $ T E T 1  
T E T 3 = R 1 ( K ) * T E T 2  
I F C T E T 2 . L E . E X I )  G O  T O  2 0 1  
F 1 ( I ) = F 1 ( I ) + T E T 3  

T H E  V A L U E  O F  F 2  
P E T l = ( 6 . * P + 2 . ) / 1 2 . 0  

P E T 2 = Z U F ( I ) $ * P E T 1  
P E T 3 = R 2 ( K ) * P E T 2  
I F ( P E T 2 . L E . E X I )  GO T O  2 0 2  
F 2 ( I ) = F 2 ( I )  + P 5 T 3  

T H E  V A L U E  O F  F 3  
S E T l = ( 6 . * P + 3 . ) / 1 2 . 0  

S E T 2 = Z U F ( I ) * * S E T 1  
S E T 3 = R 3 ( K ) * S E T 2  
I F ( S E T 2 . L E . E X I )  GO T O  91 
F 3 ( I ) = = 3 ( I ) + S E T 3  

9 1  C O N T I N U E
9 E l = 2 . * P I * D I S l 2 * * 3 * F 3 ( I ) / 3 .
B E 2 = ( P K M 1 + P K M 2 ) / ( 2 . ) * D I S 1 2 * * 2 $ F 2 ( I )
3 E 3 = ( ( S U R l + S U R 2 ) / ( 2 . ) + ( P K M l * P K M 2 ) / ( 4 . * P I ) ) * D I S 1 2 * F l ( I )
8 E 4 = ( V 0 L U l + V 0 L U 2 ) / ( 2 . ) + ( P K M l * S U R 2 + P K M 2 $ S U R l ) / ( e . * P I )

C .........C A L C U L A T E

C .........C A L C U L A T E
201

C .........C A L C U L A T E
202
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B E 5 = B E 1 + B E 2 + B E 3 + B E 4
B 1 2 C r ) = B E 5 * A N A V  

9 0  C O N T I N U E  
R E T U R N  
E N D
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5 1 0
5 0 0

S U B R O U T I N E  L I R A
D I M E N S I O N  T E C E 1 2 C 1 2 ) , T R R ( 1 2 ) , C 4 ( 9 , 6 ) , C 1 2 C 9 )
C O M M O N  / M A I N /  T E M P M ( 9 ) , N T , N V , B ( 9 ) , 8 1 1 ( 9 ) , 8 2 2 ( 9 ) , 8 1 2 ( 9 ) ,

1 C 1 1 1 ( 9 ) , C 1 1 2 ( 9 ) , * C 1 2 2 ( 9 ) , C 2 2 2 ( 9 ) , Y V E ( 9 , 6 ) , Y V 1 ( 9 , 6 ) ,
2 Y V 2 ( 9 , 6 ) , T E C E 1 , P R E C T M , P E M T P M ( 9 ) , U K V ,
3 A N A V , D I S 1 , 0 I S 2 , P K M 1 , P K M 2 , S U R 1 , S U R 2 , V 0 L U 1 , V 0 L U 2 ,
4 U N E R 1 , U N E R 2 , O I S , P K M , S U R , V O L U , U N E R , T E C E 0 2 , A M M 1 ,
5 A M M 2 , X C 1 , X C 2 , V L C 1 , V L C 2 , E X , Y 1 ( 9 , 6 ) , Y 2 ( 9 , 6 ) ,
6 Y 3 ( 9 , 6 ) , Y 4 ( 9 , 6 ) , X l ( 9 , 6 ) , X 2 ( 9 , 6 ) , X 3 ( 9 t 6 ) ,
7 X 4 ( 9 , 6 ) , E F 1 ( 9 , 6 ) , E F 2 ( 9 , 6 ) , E F 3 ( 9 , 6 ) , E F 4 ( 9 , 6 ) ,
8 N S Y S , 0 E D 0 1 2  
X C 1 = 2 1 » 8  
X C 2 = - 9 . 9 1
D O  5 0 0  J - l , N T

T E C 2 = T E C E 0 2 / ( 1 .  + X C 1 / ( A M M 2 * T E M P M ( J ) )) 
V C 2 = V L C 2 / ( 1 ,  » X C 2 / ( A M M 2 * T E M P M ( J ) ) )  
T E C E 1 2 ( J ) = ( ( T E C 2 $ T E C E 1 ) $ * 0 . 5 ) $ ( 1 .  - U K V )  
T R R ( J ) = T E M P M ( J ) / T E C E 1 2 ( J )  
I F ( T R R ( J ) . G T . 1 . 7 5 ) D E D 0 1 2 = 0 . 0  
V L C 1 2 = ( ( V L C 1 * * 0 . 3 3 3  ♦ V C 2 * * 0 . 3 3 3 ) * 0 . 5 ) * * 3  
A K 5 = 0 . 2 3 2 / ( T R R ( J ) $ $ 0 . 2 5 )
A K 6 = 0 . 4 6 8 / ( T R R ( J ) * * 5 )
A K  7 = 1 . - 1 . 8 9 * T S R ( J ) * * 2  
I F ( A K 7 . L T . 1 . E - 1 6 ) A K 7 = 1 . E - 1 5  
A K 8 = 2 . 4 9 - 2 . 3 0 * T R R ( J ) + 2 . 7 $ T R R ( J ) * * 2  
I F ( A K 8 . G T . 1 6 ) A K 8 = 1 5 .
A K 9 = ( ( A K 5 + A K 6 ) * ( 1 . - E X P ( A K 7 ) ) ) + D E D 0 1 2 * E X P ( - A K 8 )
C 1 2 ( J ) = A K 9 * V L C 1 2 * * 2
C 1 1 2 ( J ) = ( C 1 1 1 ( J ) * C 1 2 ( J ) $ * 2 ) * * 0 . 3 3 3
C 1 2 2 ( J ) = ( C 2 2 2 ( J ) * C 1 2 ( J ) * 4 2 ) ^ * 0 . 3 3 3
I F ( N S Y S . E Q . 3 ) N V = 4
D O  5 1 0  L = 1 , N V
I F ( N S Y S . E Q . 1 ) Y V E ( J , L ) = Y 1 ( J , L )  
I F ( N S Y S . E Q . 2 ) Y V E ( J , l ) = Y 2 ( J , L )  
I F ( N S Y S . E Q . 3 ) Y V E ( J , L ) = Y 3 ( J , L )
I F ( N S Y S . E 0 . 4 ) Y V E ( J , L ) = Y 4 ( J , L )
Y V 1 ( J , L )  = Y V E ( J , D / E X  
Y V 2 ( J , L ) = ( E X - Y V E ( J , L ) ) / E X  
B K 1 = Y V 1 ( J , L ) * * 3 * C 1 1 1 ( J )  
B K 2 = 3 . * Y V 1 ( J , L ) 4 * 2 * Y V 2 ( J , L ) 4 C 1 1 2 ( J )
B K 3 = 3 . * Y V 1 ( J , L ) 4 Y V 2 ( J , L ) * 4 2 * C 1 2 2 ( J )  
3 K 4 = Y V 2 ( J , L ) * * 3 . * C 2 2 2 ( J )
C 4 ( J , L ) = B K 1 + S K 2 + B K 3 + B K 4

C O N T I N U E
C O N T I N U E
R E T U R N
E N D
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TABLE B1 KIHARA POTENTIAL PARAMETERS

Substance Po A M0A SoA* Vo A3 Uo/k °K Ref

Helium 2.921 0.0 0.0 0.0 9.9 Ce]
Kr 3.483 2.639 0.554 0.038 212.38 Ce]
h 2 2.808 2.32 0.0 0.0 46.0 Ce]
C*H6 3.4 13.1 10.04 6.256 832.0 [u]

C2H6 2.840 10.17 5.77 .653 444.0 Ce]
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TABLE B2. KIHARA COEFFIECIENTS

+ 1 . 3 5 5 5 4 6 :
- 3 . S 4 5 9 2 9 E
- 1 . 7 5 9 2 4 4 =
- Q . 9 6icr,nc
- 5 . 3 7 5 4 6 F E
- 2 . 7 9 0 7 7 7 6

- 6 . 4 2 3 2 1 6 :  
- 2 . 3 6 1 9 3 9 E  
- i . ? 1 9 2 2 1 Ç
- 4 . 9 ® 1 5 9 2 E  
- 1 * 3 5 3 1 4 4 =
^ 2 ^ . 4 2 2 5  L t l

+03,
-v 1 *
-Jl,
2̂2*.

- C 2 ,
- 3 2 ,
.-•lia. 
- 0  3 > 
- 3 3 ,  
.nl3 t. 
- 3 4 ,  
- 0 4 ,

+ 1 * 1 2 3 7 3 7 = +  3 0  ,  
- 3 . 9 2 9 7 9 5 E - 0 1 ,  
- 3 . 7 6 2 6 2 3 2 - 0 1 , 
r  1 * 3  2 A 3 J L 2 £ .=  3 1 *_ _  
- 1 . 0 4 5 1 7 3 2 - 0 1 ,  
- 5 * 2 9 1 7  3 0 2 - 0 2 ,  
. - 2 . 5 5 4  2 6 2 2 - 3 2 ^  
- 1 . 1 7 5 9 4 3 2 - 0 2 ,  
- 5 . 1 7 0 5 6 5 S - C 3 ,  r2 .2J-7-QL6.I2rC3-i__

+ 1 . 2 2 5 4 1 6 2 + 0 0  
- i . 3 2 2 3 0 5 5  0 0  
- 6 . 1 7 7 ^ 3 3 6 — 3 1

5 3 1 7 7 1 5 - 0 1  
5 5 3 3 5 3 5 - 0 2  

. 3 1 4 1 2 2 £ —  w 2  
- 1 . 4 : 3 5 7 6 5 - 3 2  
- 7 . 0 2 0 6 1 6 2 - 3 3  

2 2 2 4 2 £ £ - - a 2 _

- 2 . 7 1 9 6 4 4 =
- 9 . 5 5 1 9 9 2 5

- 3 5  ,
- C 5 ,

- 9 * 3 0 4 1 1 0 5 - 0 4 ,
- 3 . 4 3 l 4 7 4 é - 0 4 ,

- 4 . 6 ) 2 6 1 4 5 - 9 5 ,  
— 1 . 6 5 4 1 3 2 = - u 5 , 

_j=.5..-5.d.02311rlLt.
- 1 . 1 1 2 6 6 C 5  
- 3 . 6 2 5 4 5 1 5  
- 1 * 1 . 5 1 4 4.6 £  
- 3 . 5 6 3 9 1 4 5  
- 1 . 0 * 0 7 4 3 =

-56,
- 0 7 ,
=17.,.
-54,
- 5 2 ,
• 3=‘,

- 9 . 2 7 9 0 3 4 =
- 2 . 5 3 5 6 1 3 5

j = 2 * 3 4 5 3 .4 1 £

'» V t
— ’ 3,
-11

- 2 . 0 : 5 9 * 4 =
- 5 * 3 2 2 9 1 9 =

—  l l *  
-12,
^  1 ^

—  1* S 2 3  5 7 3 = — 0 4 ,  
- 6 . 1 0 4 9  2 7 2 — 0 7 ,  

_ = 1 . 3 2 3 J 1 Z 1 £ = 1 1  s. 
— 5 . 9 5 0 2 2 2 = — O S ,  
- 1 . 7 9 3 4 5 0 E - 0 3 ,

— 1 . 5 2 7 0 6 1 = — 0 9 ,  
- 4 . 3 2 0 4 6 3 5 - 1 0 ,
- i . i 9 ; 7 9 n = - ' 3f
- 3 . 2 6 4 3 + 0 5 - 1 1 ,  
- 3 . 7 2 9 5 7 4 5 - 1 2 ,  
- 2 . * 2 9 4 H 4 £ = 1 Z , .

- 1 . 1 7 9 1 0 3 5 - 0 3  
- 4  ♦ 5 i 6 4 3  .05— 0 4  

_ T l . 6  2 4 2 j : 2 = ± a _ _  
- 6 ♦ 3  70  3 74 = — 0 5  
- 2 • i2 54 3 4 = — v5 

-  • 22. I £ 4 £ £ = J . 6 .. 
— 2 . 3 9 4 4 3 5 E — 9 6  
- 7 . 7 : 6 3 3 1 5 - 0 7  

_ . T ? _ * A i 5 2 a £ £ - = A Z _

— 3 . 6 7 S 3 C 3 5 - 1 3, 
- 9 . 3 3 0 0 7 0 5 - 1 4 ,

- 5 *  5 1 6 3 1 6 5  
- 1 . 4 1 5 3 C 2 5  
. - 3 * 3 _ £ & 5 2 2 £

- 1 5 ,
- 1 5 ,

— 5 . 9 2 7 4 5  3 5 — 1 3 ,  
- 1 . 5 0 6 7 5 5 5 - 1 3 ,  
^ 3 * 7 6  99 7 3 ^ ^  
- 5 . 2 5 5 ) 5 5 5 - 1 5 ,  
- 2 . 2 5 4 3 9 0 5 - 1 5 ,

33.5.122 5,-16. ̂

- 7 . 4 4 6 1 = 2 5 - 0 2  
- 2 . 2  3 4 2 7 ? = - 0  2

_=:= ̂ 5,5.£ 7J. 4£.-13__
- 1 .  = 3 = C 2 0 = -  v 9 
- 5 • 3 1 5 1 2 4  = - 1 0  

_ ^ L * . 4 A J Z 2 £ 5 - 1 ^  . 
— 3* 3 3 6 3 2  : = - 1 1  
— 1 • 0 4 2 ? e 5  5— 11 
.-rZ* 7JL232Z3-12—  
— 7 * 1 6 6 7 5 0 5 — 1 3  
— 1 . 3 1 6 1 7 3 = — 13 

- — 4. ♦5-10-7 0-4_-.-=4-4.—  
— 1 . 1 1 3 1 4 1 £ — 14 
— 2 * 6 9 4 6 7 3 5 — Î5 
.. —6 . 43.:2T-7£rr ̂6_

- 2 . 0 3 3 9 1 ^ 5 - 1 7 ,  
- 1 . 3 7 4 2 7 2 5 - 1 7 ,  
- 4 * 3 ? 4 4 S 6 = - : 9 .

- 1 . 2 7 2 2 1 4 5 - 1 5 ,  
- 2 . 3 6 2  0 1 6 5 - 1 7 ,  
- 6 .  3 2 1  L i a  £ = 1 2 ^ .

- i . 5 1 3 0 5 2 5 - 1 6  
- 3 . 5 1 2 2 2 7 5 - 1 7

- 9 . 9 9 2 3 7 0 5  
- 2 . 1 9 9 1 6 5 5  
« 4 ,  = 7 2 7 7 1  =

-19,
— 1 9 *

- 1 . 5 4 1 7 9 0 5 - 1 ) ,
- 3 . 4 5 0 3 3 3 5 - 1 2 ,
- 7 . A 2 c i 3 o = - 2 ) .

- 1 . 9 1 9 3 9 7 5 - 1 9  
- 4 . 0 6 2 5 6 2 5 - 1 3  
- ? . 9 4 2 ; 4 :  = - 2 0
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