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ABSTRACT 

A method is presented for calculation of fugacity coefficients 

in gas mixtures. This work is based on a recent paper by Leland, 

Gamson, and Chappelear, wherein they presented a new method for 

evaluation of ideal K values. The information required for the 

method presented here includes pure component physical properties, 

and generalized tables or equations for compressibility factors, 

fugacity coefficients, and real gas enthalpy departure terms. Pseudo-

critical temperatures and pressures for the mixture are calculated 

using the expressions presented by Leland and Mueller. 

Five different binary systems consisting of paraffin hydro-

carbon and CO2 mixtures containing 318 separate points were used to 

test this method. The results were compared with fugacity coeffi-

cients calculated from experimental data. For mixtures containing 

molecules of small size, this work predicts fairly accurate coeffi-

cients. For mixtures containing molecules with an appreciable 

difference in molecular size, the component with the larger molecule 

displays substantial deviations from the experimental fugacity co-

efficient. The one-non-hydrocarbon molecule studied, carbon dioxide, 

was accurately treated by this method. For binary systems containing 

two parraffinic components, this method will predict fugacity coeffi-

cients higher than experimental data for both components. 

By comparison of this method with Pitser's for the same set of 

data, it was established that the Pitzer method was more accurate, 



but does require experimental data on equimolal mixtures. The 

method considered here requires further study to determine what 

modifications can be made so systems with large differences in 

molecular size can be accurately treated. 
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INTRODUCTION 

Object  

Accurate fugacity values are of importance when dealing with 

chemical reactions and equilibrium systems. A reliable method for 

predicting fugacities for components in solution, can be of great 

utility in calculating ideal K. values or equilibrium constants. 

Equilibrium constants find widespread use in chemical engineering 

calculations. 

This work is an attempt to evaluate a new method for caicula• 

ting fugacity coefficients for components in gaseous mixtures. 

The only information required is the pure component critical proper-

ties and generalized tables of thermodynamic properties. The method 

is based on the principle of corresponding states. This discussion 

deals with binary gas mixtures, but can be extended to multicomponent 

systems. 

Definitions  

Fugacity is an arbitrarily defined thermodynamic function rela- 

ted to the free energy. For a pure substance: 

(1G) (RTd In f) (1) 
T T 

For a solution, the fugacity of a component is related to the 

partial molal free energy and chemical potential by: 

(a) (dPid a  CRT d In fi) (2) 
T T 



Fugacity can be considered as a measure of the escaping tendency 

from a phase. At equilibrium, the escaping tendency or chemical 

potential must be equal in all phases or else there will be a net 

transfer of mass between phases. Fugacity is therefore a measure 

of equilibrium since it is directly related to the chemical potential 

in solution. As the pressure approaches zero, the fugacity of a pure 

component becomes equivalent to the pressure. 

An ideal gas is one whose P-V-T relationships are exactly de-

fined by the ideal gas law. For 1 mole of gas, the relationship is: 

PV = RT (3) 

An ideal solution is one in which the fugacity of a component 

in solution equals the product of its mole fraction and the pure 

component fugacity at the same temperature, pressure and physical 

state. (11)  Thus, 

fi Ni fi (4) 

This is known as the Lewis and Randall rule. An ideal solution 

exhibits no heat evolution or volume change on isothermal formation 

from its components. Dalton's law for ideal gases and Raoult's law 

for ideal solutions are less general modifications of the Lewis and 

Randall rule. Thus for an ideal gas mixture in contact with an ideal 

liquid solution:
(31) 

fi Yi fi m Yi P = Pi 4ciP (5) 



The fugacity in a gas mixture is then equal to its partial 

pressure. 

Various combination of ideality in coexisting phases are 

possible. For example, an ideal gas phase may be in equilibrium 

with a non-ideal liquid phase. Ideal gases and ideal solutions 

are not corequisites, although they may both be approached in the 

gas phase at very low pressures. Ideal gases will necessarily form 

ideal solutions, while it is possible for non-ideal gases to form 

ideal solutions. 

The activity of a substance is arbitrarily defined as the ratio 

of the fugacity of the component in any state to the fugacity in the 

standard state. 

(ai) (fiifi°)T (6) 
T 

The standard state for fugacity is arbitrarily chosen for con-

venience. Two standard states are in general use for gases. Both 

states are based on the pure component at the temperature of the 

system. One is based on one atmosphere pressure and the ideal 

gaseous state, while the other uses the system pressure. When the 

standard state is taken as the ideal gas at one atmosphere, the 

activity becomes equal to the fugacity in atmospheres, since the 

fugacity of an ideal gas equals its partial pressure. 

A function related to the activity is the activity coefficient, 

as defined: 

ai/Ni = fi /fi°  Ni (7) 



The activity coefficient is an empirical correction factor for 

the departure from ideal solution behavior. The activity coefficient 

finds it greatest use in considering the nonmideal behavior of the 

liquid phase, The actual value of this factor depends on the 

standard state selected for fugacity and the concentration unit 

selected for the composition. 

Another function derived from the fugacity is the fugacity co-

efficient. For a pure substance this is defined as the ratio of 

the fugacity to the absolute pressure. 

° (f/P)T (8) 

For a component in solution, the fugacity coefficient is equal 

to the fugacity divided by the product of the pressure and its mole 

fraction. 

°I = (fi/Ni"T 
(9) 

Generalised tables of fugacity coefficients have been developed. 

(24, 26) The fugacity coefficient is related to the activity coeffi4 

client by the following: (u
p
t) 

401.0 
 

(10) 

Where Oi°  is the fugacity coefficient in the standard state. 

The fugacity coefficient is also a measure of the deviation from 

ideal behavior. 

Another important ling is the Theorem of Corresponding States. 



This law leads to the conclusion that all pure gases when measured 

under the same reduced conditions of temperature and pressure, dis-

play the same compressibility factor.(33)  This can be expressed 

mathematically as: 

f(PR,TR) (11) 

It has been shown recently that two parameters are not adequate 

to describe a reduced condition and that a third is required. The 

third parameter can be the critical compressibility, Zo, or the 

acentric factor, w. 

Methods of Calculating, Fusacitv Coefficients  

Lewis and Randall. If a gas mixture forms an ideal solution 

or is at a sufficiently low pressure such that ideal solution behavior 

may be assumed, the Lewis and Randall rule may be used. This defines 

the fugacity coefficient in solution as the product of the mole 

fraction of the component and its pure component fugacity at the 

same temperature and pressure.(23)  

fi p yfi (12) 

At high pressures this rule can give a large error but may be 

suitable for approximations if the reduced pressure of the component 

of interest is less than 0.6.(30) 

Partial residual molal volume. At constant temperature the 

fugacity of a component in solution may be given by: 

(d In fi)T = dP) (13) 

RT T 



where Vi is the partial molal volume of component i in solution and 

P is the total pressure. Integrating equation (13) from some low 

pressure P*, where ideal solution behavior is exhibited, to some 

existing pressure P, and substituting 

fi* = NiP* 

will give, 

ln fi = 1 Sp VidP (14) 
RT * 

Equation (14) will allow calculation of the fugacity of each component 

in a solution if P-V-T detain available. 

The evaluation of the fugacity is facilitated by introduction 

of the residual molal volume, o4 

V* - V = AT- V (15) 
P 

Equation (15) can be differentiated at constant pressure, temperature 

and composition to give: 

( \ _ aV 
p,T,nj ) P,T,ni ?4ni P,T,ni 

or Z32' i = Vi* (16) 

where the bar denotes partial molal quantities. 

For an ideal gas, the partial molal volume equals the molal 



volume of the mixture and 

Vi* V* RT/P (17) 

Substituting (17) in (16), the partial molal residual volume then 

becomes: 

. a - Vi 
P 

or Vi = 4 04 (18) 
P 

Multiplying through by dP and integrating between P* and P, 

P 

5 
 .171.0 = RT In - of 4 dP (19) 
P* P* ` 

Substituting (19) in (14), the final working equation results, 

P _ 
in . 1 04 idP (20) 
NiP RT re  

al. is evaluated by plotting residual molal volumes against 

composition for varying pressures. By extrapolating the tangent to 

the curve at a given composition to zero mole fraction, the inter-

cept is the partial residual molal volume,O2 i . Residual molal 

volumes are obtained from the compressibility factors of the gas 

mixture by: 

c< = (1 - Z) RT/P (21) 



The integral in equation (20) is evaluated by plotting o< 

against pressure and graphically integrating the result between zero 

and the system pressure. The integral is at constant temperature and 

composition. Substituting the result in equation (20), the fugacity 

coefficient is evaluated directly. 

This procedure was used in developing most of the experimental 

data with which this work is compared. The work of Lacey and Sage 

was among the earliest examples of this msthod.(17) As evident from 

the preceding discussion, this method of calculation of the fugacity 

coefficient is involved, tedious, and time consuming. The method re-

quires experimental P-V-T data on the system which may not be readily 

available. 

Gamson and Watson. Various authors have proposed methods of 

calculating the fugacity coefficient in gaseous mixtures based on 

generalized correlations. Gamson and Watson developed an equation 

based on the Corresponding States Theorem and Kay's rule pseudo-

critical properties.(8) 

The correlation was further refined by Gamson(6) to include 

Joffe's definition of pseudo-critical properties.(15) 

Joffe.  A similar method was proposed by Joffe using Kay's rule 

and the Corresponding States Theory.(16)  The equation for the rela-

tionship is: 

ln (7, - Tpl)  ( H* H + (yc' 
Pc 
 Poi) 

(Z 
ZI471) (22) 

yfm RT Tc' ' 



This work was originally developed for use with the then existing 

two parameter generalized correlations. 

Benedict, Webb. Rubin and Friend. Other authors have estab-

lished correlations based on equations of state. Benedict, Webb, 

Rubin and Friend developed correlations based on mixtures of twelve 

light hydrocarbons and their equation of state. The liquid medal 

average boiling point was selected as a composition parameter. They 

developed a series of 276 charts of K factors, (y/X), or fugacity 

coefficients to cover a pressure range to 3,600 psia.(2) 

The charts were replotted by DePrieater with two parameters. 

The number was significantly reduced and the accuracy improved.(') 

Edmister and Ruby.  Edmister and Ruby developed a four parameter 

relationship based on the original work of Benedict et al. The para-

meters were reduced temperature, pressure, boiling point, and an 

intermediate temperature-composition scale. For vapors, two charts 

of BR as a function of Tg and t  , one being for methane only, and 

one of (fi/y1) versue PR and tt , were developed. The results are 

applicable for olefin and paraffin systems and are said to agree 

within 3-4% of the original data. (5) 

Redlich. et al. Relich has also developed a method based on a 

modified equation of state, given by: 

P = RT 
- 0,5a (23) 

(V-b) V(WW-rA 



Charts were developed from this equation to be used in conjunction 

with generalized thermodynamic charts in estimating fugacity coeffi-

cients.(29) 

Pitzer MeOod.  Pitzer has defined a parameter which he designates 

as the "acentric factor". 

w "log PR - 1.0 (24) 

where PR is the reduced saturation pressure at a reduced temperature 

of 0.70.
(28) The w function is intended to serve as a third parameter 

for the two-parameter Corresponding States Theorem proposed by Van 

Der Waals in 1873.(33) In this sense, it is analogous to the critical 

compressibility factor, Zc, used in the Lydersen, Greenkorn and 

Hougen, Generalized Thermodynamic Property Tables.(24) These tables 

were- published by Hougen, Watson and Ragatz in their therodynamics 

text. The acentric factor measures the deviation of the intermolecu-

lar potential function of a substance from that of a simple, spherical 

molecule. The Zc and w functions are related by:(13) 

Zc 1 (25) 
1.28w + 3.41 

Using this third parameter, Pitzer has developed series of generalized 

Thermodynamic Property Tables.(26) These tables are limited to normal 

fluids as defined by Hildebrand.(9) Normal fluids are defined in 

terms of the hypothetical surface tension and molal volume at 0°K, and 

the acentric factor: 

2/3  
1.232 ® 1.86 + 1.18w (26) 
Tc 



where Go = hypothetical surface tension at 0°K, 
dynes/cm 

Vo 2,  hypothetical molal volume at 0°K, 
cc./g - mole 

Compounds that deviate less than 5% from the definition are 

"normal fluids". In general substances that are polar, form hydro-

gen bonds or associate in some way, are non-"normal". Methane and 

the heavier rare gases are "normal fluids", while acetic acid, 

ammonia, hydrogen cyanide, methanol and water manifest appreciable 

deviations from equation (26). The quantum fluids, H2 and He, are 

not covered by these correlations. Pitzer states that a group of 

gaseous substances with the same acentric factor will conform to the 

corresponding states principle within the group. 

The thermodynamic properties of a substance at any reduced 

condition are given from the table values by an equation linear in 

the acentric function's 

X = X(0) + wX(1) (27) 

where the X(0) and X(1) are the separate table values of any function 

at a given reduced temperature and pressure. The original function 

is a power series where all terms higher than the second, are considered 

not important.(26)  In some binary systems the pseudo-critical temper-

ature and pressure, and the acentric factor can be assumed linear with 

composition, but this assumes no interaction occurs. Therefore Pitzer 

and Hultgren, developed equations to handle non-linear behavior. 

Their equations are in terms of the given mixture, the pure components, 



and equimolal mixtures as follows: 

TCM = xi Tel + x2Te2 + 2x1x2( 2TeM3x-Tcl-Tc2) (28) 

PcM m x1Pc1 x2Pc2 + 2x1x2(2Pcmix-P -c1 P"-c2) (29) 

wM xlwl x2w2 2x1x2(2wMiewl-w2) (30) 

where the subscripts: 

M are for the given mixture 

Mix are for equimolal mixtures 

1,2 are for components 1 and 2. 

For binary systems the following equation for fugacity coeffi- 

cients were developed by Pitser for components 1 and 2 respectively.(27) 

log fl a log/f) + x2Y (31) 

x1P q/m 

log f2 = log/f) (32) 
x2P k Pim 

The term Y was defined as: 

Y -real + 1- 
LItTejm 2.303 T 

(1/4.1) [Pq Pa + 2(1-2x2) (ubmAx Pct.' Pc2)I 
2.303 P cM 

loga)(1) ( w2 ) (33) 
%Pi 



Equations (27) through (33) were the basis for the work of 

Mazzei.(25) 

Gamson. Leland., and cksPesker dtlathod  

Gamson, Leland and Chappelear recently presented a method for 

determining a new ideal K value which is not based on the Lewis and 

Randall ideal solution rule but on composition dependent pseudocritical 

properties and the corresponding states principle.(7) For each phase 

it was shown that the following expression holdst 

lna) In f+ nOln f 1 (34) 

xi/ awl\ l 

The second term on the right of the equation was designated T and 

defined by: 

1/41)  - 1. [12:11 xowt7-1E-Airs2.- xtEsL1 (35) 
a Ira 1La xi eq. xd L Pc IL tel a xi  

The partial derivative terms are given for component 1 by: 

VE 
) - 2: xi  (a) 1,!.I xviVai  
exi isi e xi I kat/ c c xixiatai  

pal j$.4 

xi (b1 +bt)3 
i49 Tc r (36) 

t xixt  (be-bi )3  
to Jul - 

az2L-txi ).12,sLi - (.21 it 'Vol.  

xi V4i A a ixj jaj 



5,, th + 1-. -,( 3.+0t) (2) i -1 -I ,-1.  uki-   k  
i=1 .1.1 xixj( bi + bi)

3 

+ (1 + Z 3. j (37) 
Pc' 

E. X4 Z 4 
" 

E. 
4  

It should be noted that separate values for equations (37) and 

(39) can be calculated for each component of a mixture. Therefore, 

there will be a distinct 41  value for every component in each phase. 

Using an equation of the form of (34) for the liquid and vapor 

phases, and equating fiG to fly at equilibrium, the final working 

equation was developed t 

in (,Kr) ideal g' in fL  + ( 4111, - I' lo ) (38) 

Equation (38) (38) can be solved for the ideal E. value by determining 

f, (H*-H)/Tc', and Z, for each phase separately at the pseudoreduced 

conditions from generalized charts or tables. The pseudocritical 

temperature and pressure are given by the Leland and Mueller modifies- 
(22) 

Lion of Joffe's definitions as follows; 

[ 

f/oC 
Tc' = & ti xixlaej , (39) 

t t xj (bi +b )3 
j j iml .1 xi  

Tc' t x.

2" 

 (Zc)i 

Pc' Li  1,..1 .,  

t t xixi
4 
 (bi + bj)

3 ] 

ix.1 j.s.1 

(40) 



where Z 
c 
 T c(+1 1 k 

= c (41) 
Pc 

and bi 1[ 
1/3 

(42) 
2 Pc Ji 

0( = 1.0 + exp[ -10/ P - 1)
2
] (43) 

xiPci 

The pseudocritical compressibility was taken as the Kay's rule 

values 

Zc' = stiZei x2Ze2 "' xnZen (44) 

The authors also suggest using a reference substance whose 

thermodynamic properties are known er may be calculated from an 

equation of state, to determine the f, (11*-H) /Tc', and Z terms. 

The properties would be evaluated at an equivalent temperature and 

pressure defined as: 

T°  = ( TRI  ) Tc°  

P°  = ( FR' ) Pe°  

where T °  and P ° are the criticals of the reference substance. A 

reference substance is chosen so it has as much molecular similarity 

as possible with the mixture, Two methods of choice were proposed. 

The first was to chose a substance with a critical compressibility, 

Zc, close to that of the molar average of the mixture. Zc can be 

considered to be an empirical shape factor. The alternate procedure 

was to use the molecular length/width ratio as a shape factor and 



chose a substance with a ratio similar to the molal average of the 

mixture. The authors state that this method will give inaccurate 

results for extremely dissimilar molecules, and is not directly 

applicable to polar molecules although the results may be usable 

approximations. 

If equation (34) is rewritten with 1 replacing the second 
term, then for gaseous mixtures: 

In f kir (45) 
14 xi 

Raising each term to the base e: 

„ 
(11) fm a 

T
1. (46) 

‘xl 

Dividing the numerator and denominator of the left side by the 

pressure and taking the logarithm of theequation, gives: 

In 
 (
£) 1 In 

M + It' (47) 
xP ‘P,I 1G 

Equation (47) is the basis for this work. This relates fhe 

fugacity coefficient in solution to the mixture fugacity coefficient 

and a correction term for non-ideal behavior, 9' . The T term is 
given by equation (35). The mixture fugacity coefficient is deter-

mined from a generalised table along with the mixture compressibility 

factor and enthalpy departure term. 



SAMPLE CALCULATION  

Given: Point number 60 

T 310.94 °K 

P 400.00 atm. 

xj.  0.204 

1 exp. 1.417 

02 exp. 0.252 

component 1 C114 

component 2 CO2 

Critical Properties 1 2 

Tc 191.06 304.2 

Pc 45.80 72.9 

Zc 0.289 0,275 

Seep (1) Calcu?.ation of alnb,s. 

o< * 1.0 + exp [.10( P . 9] (43) 
I ft1x1 + Pc2x2 

= 1.0 + exp [10 ( 400A00 .1.0)2] 
.204x45.80 + .796x72.9 

oC =1.000 

Step (21 Calculation_ c4 a and b constants. 

i 
0(+ 1 1/2 

ai ;.= z, ,:as. s (41) 
Pc Ji 



al (0.2,89 x(191.06 = 2)2.0) 1/ 15.177 
45.80 

a2 
(047, x 4004.2)2.0) 1/2.. 18.684 
\ 72.9 

bi 1 (W 
1/3

S) 02) 
Pc / 

b1 0. i,  r28 x1.91.06 ) 1/3 =o.5322 
2 45.80 

b2 ... 1 (0.275 x 4044 )1/3 0,5235 
2 \ 72•9 

Step (3) Cjalculation of aseu#0cri 4.c 1, cogn,{s'ibilip4. 

Zc' = x1Zc1 + x2742 (44) 

Zc' = 0.204 x 0.289 + 0.796 x 0.275 0.278 

Step (4) Calculati9a eti  pagudocOti.cal cpalplpaturp. 

110c 

Tc' [
(nal + x2a2)2 ] (39) 

x12(2b1)/ + 2x12 (b1 + b2)3 + x22(21:1 2)3 

[
(.204 + .796 x i.684)2 1.0 

(.204)4(2x.5322)3+2x.204x.796(1,0557)4(.796)h(2x.5235)31 

Tc' = 278.44 °K 

Step Calculat4pa of viteudbcriticaj uessuFe. 

Pc' (Tc') (4') (40) 
2(2b1) +  xl (2b1) + 2xix2(bi +b2) +x2 (2b2) 



az 278.44 x 0.2,78  
(same denominator as Tc') 

Pc' 4= 66.753 atm, 

Step (6) Calculation of tamperatUre-comPoaition.partial derivative 

term for CPMP9Uellc 1. 

{

) ISL _ t xi Lull. its2.  r x1$12÷xpia2 
)ml iel .)x.j.  J 04. L (x1a1+ x2014 

Xi (2b.)3 + x2(131 + b2)3 (38) 
x11(21,1) + 2x1x2(b1 +b2)3 +x2I(21:12)/ i 

... nal. r t2o41415.177)2 +,rox(15,17748,684)  
1.0 L (.204x15.177 + .796x18.684)4  

• 404x(2xt,5322)3 1-  .)96(.5322 +J235)3] 
(same denominator as Tc') 

2(0.84469 - 1.01983) Tc' 

um .0.35028 Tc' 

Step (7) Calculation of greseure-compoaition partial derivative  

term for component 1,  

[..

Pc ' - ,s- zi-ital

.

1 - f 2 (xia124-x2aia2  
x1 l. 'e Ixi ''' (xla14x2a2)2 

0  -(1+(x) (x1(2103+x2(b1+b2)3) , + (1-174at) Pc' (37) 
Ze 

x1 (2b1)3+2xix2(61 +b2)3+x22(2b2)3/ 

a  [1 (first term of equation (36)-(1+1.0)*second term of 
1.0 

i 

equation (36)) + (1 + 0.280) Pc' 
0.278 



• 2 (0.84469 (2) 1.01983) + 2.03957 
1.0 

▪ - 0.35037 Pc' 

Step (8) Calculation of reduced temperature aid breams,. 

TR al - 3k0.94  - 1.1167 
Tc' 278.44 

PR /4  P as 40_,0.00 5.9922 
Pc' 66.753 

Step (9) Table look up for generalised functigne. 

Basis: TR 41  1.1167 

PR = 5.9922 

Z'c 0.278 

= 7.55 lava a all .772 
Tc' g-mole-.°E 

44 = 0.3534 

Step 1101 Evaluation of p4 (U. 

11 1 10, rjealrati t as (1.11)1)DI sg- qs....1
.-
1 (35) 

BT L Tc. )xi. t-1 ‘,)xi J Pc'  Dx1 jail xi axi 

-7.55x(-.350;0x278.41 + (1-0.772) x (-.35037Pc1 ) 
1.987 x 310.94 Pc' 

kr 1 = 1.19179 - 0.07988 a 1.1119 

(note: Ra.1.987 cal/g. mole - G1C) 



Step (11) Calculation of 0 1. 

log 01m 108 0M 41 (47) 
2.303 

log 01 = log 0.3534 + 1.1119  
2.303 

01 = 1.0741 

01 exp. = 1.417 

% DV 1 = 1.417.4.0741 x 100 % = 24.3 % 
1.417 

Stipp (12) Calculation of temperature-compost/Wm partial derivative 

tam for componapt 2. 

T' • t zinc.] m fx a22 &la 
) x2 iml axi (nal x2a2) 

x2(2b )3 + xl(bi + 110,4
03 MI! (36) 

x11(2b1)3 + 2x1x2(b14.b2)4x21(2b2)3- o 

= F .796x{18.684)2 +.204(15,177x181684) 
1.0 L Sam as for comp. 1 

- .196(2x.5235)3 + 1;041.5322 6 .5135)3] 
Same as for coup. 1 

Ite 2(1.03989 - .99482)Tc' m 0.09014 Tc' 

Step (13) Calculation of Prestme-composition partial derivative  

term for c9mPonent 2.  



txLZETR[2, (first term of equation (36) above 

X2 c)4.  

(1.+C()* second term of equation (36) above) 

+ + Pe' (37) 
Zc'  

t1
(1.03989 - (1 + 1.0) x .99482) + (1+422) Pc' 

.0 278 

0.0897 Pc' 

Step (14) Rva11#4.tion of Pei,, (2). 

1 2 U.5.1 4-(14) [gat- t xiezell (35) 
RT To x2 1..1. Pc xi 

RT, R*-11 and Z are the same values as used for comp. I previously. 
Tc' 

2 7.55x.09014x278,43 + (1-772) x (.0897 Pc') 
1.987 x 310.94 Pc' 

42 » 0.28624 

Aar+ (15) 0e1c4lation of 4 9.  

log 02 log ONE +  (47) 
2.303 

log 0.3534 - 0.28634  
2.303 

02m. 0.26544 

02 exp. = 0.252 



% DEV 2 0.252 - 0.26544  x 100 % - 5.15 % 
0.252 

Note: The critical properties used in this example for CO2 are 

slightly different from those used for the computer calculation. 



DESCRIPTION Of PROGRAM 

The fugacity coefficient calculation of this problem was pro. 

&rammed for solution on an IBM 7094 computer in "FORTRAN" II machine 

language. The pertinent sections of the tables given in Bougen et 

al,
(14) 

for real gas enthalpy departure terms, fugacity coefficients 

and compressibilities, were punched on IBM cards and submitted to the 

computer along with the other input information. The table range 

used for reduced temperatures was 0.80 to 3.00, and for reduced 

pressure, 0.20 to 10.0. 

For each binary system, the critical temperature, pressure, and 

compressibility were given for each component. Data for the critical 

properties were obtained from API Project 44(1) for the hydrocarbons 

and miscellaneous sources for carbon dioxide. Table 2 lists these 

values. 

The input information for each point was also punched on cards, 

2 points per card. For each point, the following information was 

supplied: 

1. system temperature 

2. system pressure 

3. mole fraction of component 1 

4. experimental fugacity coefficient for component 1 

5. experimental fugacity coefficient for component 2 

The total information supplied was therefore composed of sections 



of the generalized tables, the pure component critical properties, 

and the temperature, pressure and composition for each point. 

The program calculated 318 points one at a time in numerical 

order. The points were in six groups in the following sequence: 

1. methane - carbon dioxide 34 points. 

2. methane - ethane 69 points 

3. butane - carbon dioxide 41 points 

4. methane - pentane 40 points 

5. methane - butane 34 points 

6. methane - butane 100 points 

Groups three through five were saturated systems, while groups one, 

two, and six were in the superheated region. 

The program consists of four sections. The main program and 

three subroutines. Subroutine Table gives instructions for the 

table search and interpolation, while OUTPT 1 and OUTPT 2 describe 

the format and contents of tables 1 and 2 in the appendix. 

The Hougen et al tables are calculated for a critical compressi-

bility of Zc a. 0.27. For other values of Zc, a correction factor is 

given. The correction DA or Dg is used depending on whether Zc for 

the point is greater or less than 0.27, respectively. For reduced 

pressures greater than 1.2, the correction given at PR la 1.2 was used. 

When the reduced temperature was betwa*n the saturation temperature 

and the first entry in the table, the correction for the first value 



was used. Linear interpolation was used between the various table 

entries. Because the saturation temperature increases with increase 

in the reduced pressure, the first reduced temperature in each 

column was not generally the same between PR = 0.2 and 1.0. In 

order to interpolate between any two adjacent columns at or near 

the saturation temperature, it was necessary to linearly extrapolate 

the first reduced temperature in one of the columns. The extrapolated 

point was in the hypothetical vapor region. By this device, the first 

reduced temperature in any two adjacent columns used for interpolation, 

was the same. At reduced pressures greater than 1.0, the saturated 

region disappears and no extrapolation is required. 

A test is made in the program to insure that the reduced proper- 

ties of a point fall within the range of the table sections used. 

All the points selected did. 

The actual calculation procedure is exactly analogous to the 

hand calculation given previously. 

The running time for the "debugged" program depends on the num-

ber of points processed, and was 2.3 minutes for the 318 points used. 

An estimate of the time required for a hand calculation of one point 

is about 4-5 hours. 

Component 1 in Tables 1 and 2 of the Appendix is the first 

species in the system name except for the two CO2 systems. In those 

mixtures CO2 is component 2. 



DISCUSSION  

General  

The work of Mazzei used all the available data for the six 

binary systems.(25)  The present work selected approximately one 

third of the data for use in comparing the two methods. The selection 

of points was by necessity a somewhat arbitrary procedure. An attempt 

was made to select those points in areas of composition or P-V-T con-

ditions that might be expected to give the greatest deviations from 

ideal solution behavior. The primary guide used was the percentage 

deviation from experimental data found by use of the Pitzer method. 

Binary systems were used in the evaluation of this method be-

cause data was more readily available than for multicomponent mix-

tures. 

All the experimental values which are used in this work were 

determined by calculation from P-V-T data for the mixtures. Most of 

the data was obtained by use of the Partial Residual Molar Volume 

method discussed previously. For the system methane-carbon dioxide, 

the experimental data was determined by the method of H. C. Van 

Nesti,(34) using the Redlich and Kwong equation of state. The sources 

of the experimental values are given as follows: 

System Reference  

methane-CO2 3,32 

methane-ethane 17 

n-butane-0O2 20 



28 

Methane-n-pentane 21 

methane-n-butane 19 
(saturated) 

methane-n-butane 18 
(superheated) 

This method, as mentioned previously, is based on the use of 

generalized thermodynamic tables for (H*-H)/Tc', (f/p), and Z. In 

this work, the tables given in Hougen, Watson, and Ragatz, were em-

ployed.(14)  The correction terms for Zc values other than 0.27 were 

not supplied for every area of the tables and certain simplifications 

were required. Above a PR = 1.2, the corrections at 1.2 were used. 

It should be noted that in the area bounded by reduced temperatures 

between 0.8 and 1.2, and reduced pressures greater than 1.2, the 

correction is not reliable.(12)  The question of whether the correction 

terms are significant, or can be neglected, depends to a great extent 

on what area of reduced conditions is under consideration. 

The correction terms tend to become insignificant as the reduced 

temperature is increased ana approach zero at a TR near 2.0. The 

corrections also become negligible as the reduced pressure approaches 

zero. 

There would be some improvement in the use of this method, if 

smooth equations were used for estimating the functions, instead of 

tables. Also, an elaboration of the region beyond PR = 1.2 for com-

pounds with a Zc 16  0.27 would be desirable. Hirahfelder, Buehler, 

McGee, and Sutton have developed a generalized, reduced equation of 

state which incorporates the Zc parameter. (10) 



Statistical Definitions  

The program calculated the percent deviation of both components 

at each point from the experimental values. The percent deviation 

is defined as follows for either component: 

% BEV = (pa tcp.Ocalc.  ) x 100% (48) 
Oexp. 

For each system the average deviation for each component was 

calculated from the absolute values of the % DEV terms as: 

a. d. El % D4v.1 (49) 
No. points 

An additional short computer program was developed to calculate 

a modified standard deviation defined by: 

% s.d. =0:(;DEV)2 = (EMexo-fikalo) 2 (50)  
k No. points/ 2:0exp\ No. points 

This differs from the usual statistical definition of standard 

deviation which is given by: 

s.d. =(T(0exp+Ocalc)2\ (51) 
No. points 

The advantage of the % s.d. is that it gives an indication of 

the relative rather than absolute value. The standard deviation is 

an indication of the spread of the data from the mean. When viewed 

in conjunction with the bias and the average deviation, an indication 

of the type of correlation can be obtained. A large s.d. indicates 

a wide spread of values from the mean. For a normal or bell type 



distribution curve the standard deviation has a special meaning. 

In this case it can be shown that 68% of the points will fall 

within the area bounded by ± 1.0 s.d. from the mean, and 95% will 

be within — 2.0 s.d. 

The third quantity calculated was the bias. The bias is de-

fined as: 

% bias ;:(% pon (52) 
No. points 

where the summation is with regard to the sign of the individual % 

DEV terms. Using the previous definition of the % DEV, a positive 

value for the bias indicates that the calculated values are generally 

lower than the experimental values and vice versa. This gives an 

indication of whether the method of calculation is systematically 

biassed in one direction or another from the experimental values. 

The bias is equivalent to the algebraic mean in this work. 

Specific Results  

The calculated bias, average and standard deviations for all 

six systems are tabulated in Table 1. In those systems where the 

components have a large relative difference in molecular size, the 

larger component shows the widest deviation from the experimental 

fugacity coefficient. Small molecules which may be considered to 

approximate a spherical shape, gave fairly good agreement in all 

the systems. The one non hydrocarbon molecule used, CO2, gave good 

agreement in the two systems studied. The results for CO2 were 



generally equal to or slightly better than the methane results. The 

components in all paraffin systems had a negative bias, although 

methane or butane when in mixtures with CO2, displayed a positive 

bias. Therefore, calculated fugacity coefficients in all paraffin 

systems are generally higher than the experimental values. 

If equation (47) is examined, it can be seen that for very low 

values of the correction term 41  1,exp Yi approaches 1.0 and: 

(f/P0i m (f/P)m 

(53) 
or fi yfm 

The fugacity in solution becomes equal to its mole fraction times 

the fugacity of the mixture. This is analogous to the Lewis and 

Randall rule, with the mixture fugacity replacing the pure component 

fugacity. For example, for point number 973, psi for methane is 

0.020, exp 41  is about 1.02, and equation (53) above is a good 

approximation. 

It is possible that better results may be obtained, if a 

reference substance is used to determine the compressibility, fugal-

city coefficient, and enthalpy departure term, instead of generalized 

charts. For mixtures of hydrocarbons and non-hydrocarbons, or 

adjacent members of a homologous series, it would be difficult to 

select such a reference compound. Though no attempt has been made 

in this work to test this variation of the method, it might be used, 

for example, in the methane-butane or methane-pentane system. A 

normal paraffin with a length/width ratio close to the molal average 



of the mixture would be selected as the reference substance. 

System methane - 002 (superheated). This mixture appears to 

give moderately good results for both components. The correlation 

seems to represent this system well, as the percentage deviation 

terms seem symmetrically scattered. If it is assumed that this 

system gives a normal type distribution curve then 95% of the cal- 

culated fugacity coefficients will fall within 4" 18.42% and 12.70% 

of the experimental values for methane and carbon dioxide respective-

ly. The largest deviations are obtained at high pressure for the 

component present in relatively low concentration; i.e., mole 

fraction less than about 0.2. 

System methane-ethane (superheated). For both components, 

the bias is approximately equal to the average deviation. Since 

the bias is negative, the correlation gives values, for fugacity 

coefficients which are generally higher than the experimental data. 

The distribution of deviations about zero % Dev, is nonsymmetrical. 

For methane appreciable deviations are found even in a range of mole 

fraction of 0.3 - 0.7, whereas for ethane the larger deviations 

occurred when the mole fraction was relatively low. The average 

deviation for methane and ethane respectively were 8.50% and 12.9%. 

In this mixture, methane behaves more ideally than ethane. 

System wbutane - CO2 (saturated). As in the methane - CO2 

system, CO2 gives good results, approximating an even distribution, 

about 0% DEV. 95% of the calculated CO2 fugacities will fall within 



13.38'/. of the experimental value. For n-butane the results are 

poorer. The bias is positive and approximately equal to the % a.d. 

The correlation therefore gives results which are generally lower 

than the experimPntal values, and is not symmetrical with respect 

to the origin, or 0% DEV. The average deviation for n-butane is 

20.8%. The larger of the % DEV terms for CO2 were scattered through 

a range of mole fractions, temperatures, and pressures, and therefore 

no conclusions can be drawn. For n-butane, very few points were 

available at mole fractions above 0.5, and it is difficult to 

generalize on the effect of concentration. At below about thirty 

atmospheres, the deviations are greatly reduced. Increasing tem-

perature negates to some extent the effect of the higher pressures. 

System methane-n-pentane (saturated).  The results for methane 

are in fair agreement with the experimental values. The bias is 

negative and again almost equal to the average deviation, so that 

the distribution of deviations favors the negative side. The cal-

culated fugacity coefficients are generally slightly higher than the 

experimental values. The a.d. for methane is 4.43% for this system. 

Based on limited data, it appears that the composition range of 

0 to 0.35 mole fraction methane, is where the greatest deviations 

occur. 

For n-pentane, the bias and average deviation were exactly the 

same, - 22.4%. All the % DEV terms were negative. The results are 

then strongly biassed, the calculated fugacity coefficients being 

consistently higher than the experimental values. High deviations 



are evident through most of the composition range although not too 

many points were available in the range of n-butane mole fraction 

of 0.5 1.0. 

System methane-n-butene (eziturated). As in the methane-n-

pentane system, the bias and c.d. for methane are very close. The 

bias is negative and the a.e. for methane is 5.46%. The calculated 

values are therefore generally e little hig:ter than the experimental 

data. Moat of the high % deviations occur at low mole fractions of 

methane. 

For n.butene, the correlation is poor, the results are worse 

than for the n.butane CO2 saturated system. As with n-pentane 

previously, the bias and the a.d. are exactly equal, and all the % 

DEV terms are consistently negative. The calculated values are there• 

fore always higher than the experimental ones. Most of the points 

were in the range of 0.6 to 0.92 n-butane mole fraction. The sub-

stantial % DIV terms were distributed fairly evenly over this range. 

System methane-n.butane (superheated).  This system had more 

data points available than any of the others and should give a good 

check on the method of calculation for this mixture. A range of TR 

of 1.00 2.00 and for PR 0.6 « 4.5 was covered. Unfortunately, the 

range of composition covered was limited to methane mole fractions 

of 0.6 to 1.0. 

The results for methane are fairly good, producing better agree-

ment with experimental data than for methane in any of the other 



binary systems. The correlation is slightly biased from the origin. 

The a.d. is approximately equal to the bias, and calculated fuga. 

cities will tend to run slightly higher than experimental ones. 

For n-butane, the results were the poorest of the three systems 

including it. The a.d. and the bias were exactly equal at -62.3%. 

All the deviation terms were negative, indicating calculated values 

always higher than experimental ones. The large deviations cal. 

culated appear well distributed over the composition range studied. 

Because the methane-n-butane saturated system had 1/3 as many points 

as the superheated system, it may be that the indicated difference 

in accuracy is not correct. 

Comparison witj& other Methods  

A point worth noting when►  comparing two different methods for 

the same mixture is that the results may have limited significance 

if they are not based on the same data points. Similarly it is 

difficult to directly compare the performance of a component in two 

different mixtures. Most methods show varying agreement with exper-

imental data in different areas of temperature, pressure and com-

position. A reported value for the accuracy of a mixture is there-

fore dependent on the P-V-T region in which the system is situated. 

Hassei has compared the Pitzer method with the methods of 

Redlich et al, and Edmister and Ruby, for the methane-ethane and 

methane-butane systems. For the superheated region of these two 

systems, the method of Pitzer was found to be as good as the others. 



It appeared to be better than the method of Edmister and Ruby for 

the saturated methane-n-butane system.(25) The calculated fugacity 

coefficients for this method are compared with those of Pitzer, 

for the same points, in Table 1. It can be seen that the results 

are generally poorer than for the Pitzer method. The only instance 

where better performance was obtained is for methane in the methane-

n-butane saturated mixture. This method gave a 5.46% a.d., while the 

Pitzer method gave 8.98% for the same points. By inference, this 

method should give poorer results than the Redlich et al and Ed-

mister and Ruby methods for the systems compared by Mazzei. This 

work gives slightly better results for the saturated methane-n-

butane system than for the superheated, but this may only be a 

question of point selection. Interestingly, of the two saturated 

hydrocarbon systems, the n-pentane gives better agreement than the 

n-butane. Again, this is based on limited data, and the selection 

of points that are comparative is very difficult, if not impossible, 

over a range of temperature, pressure and composition. 



CONCLUSIONS  

The method under investigation has been shown to give satis-

factory results for binary systems of small molecules, i.e., CO2 

- methane, methane-ethane. For systems with a large relative 

molecular size difference, the larger molecule exhibits an apprecia-

ble deviation between the calculated and experimental fugacity 

coefficient. For these systems, the method predicts usable fuga-

city coefficients for the smaller molecule. The predicted coeff i-

cients for the larger molecule are of very limited utility. An 

example of this type of behavior is the methane-n-butane system. 

For binary systems with two paraffinic components, this correla-

tion will give fugacity coefficients that are consistently higher 

than experimental values for both components. The one non-hydro-

carbon studied gave predicted fugacity coefficients in good agree-

ment with those calculated from experimental data. 

This method has been shown to be poorer than the Pitzer method 

in most instances. The only exception was for methane in the 

saturated methane-n-butane system. The Pitzer method depends on 

data for equimolal mixtures, while the method tested in this work 

requires no experimental data on mixtures. For the methane-ethane 

and methane»n-butane mixtures, the methods of Edmister and Ruby, 

and Redlich et al, give more accurate results. For these systems, 

the Pitzer method has been shown to give equivalent results. 



RECOMMENDATIONS  

Further work could be done in several areas. It would be of 

interest to evaluate binary systems containing non-hydrocarbon 

compounds other than carbon dioxide, and systems of two non-hydro-

carbons. If data is available on multi-component mixtures, than 

this would certainly be amenable to evaluation. 

This method should be studied to determine a modification or 

variation that would enable it to successfully handle mixtures 

containing molecules with a large size difference. The concept 

of a reference substance may be useful in this type of mixture, 

but it would have to be tested. 



TABLE 1  

COMPARISON OF RESULTS  WITH EXPERIMENTAL DATA AND PITZER'S METHOD 

THIS WORK PITZER'S METHOD 
SYSTEM NO, PTS_. =POW= 1 OPORPONENT 2 core. 1 COMP. 2 

a.d.% s.d.% bias% a.d.% s.d.% bias% a.d.% a.d.% 

0-002 34 5.67 9.21 42.86 4.50 6.35 -1.20 4.49 3.94 

CE4-C2E6 69 8.50 9.17 -8.49 12.9 17.3 -12.7 4.22 6.86 

C41110-0O2 41 20.8 33.2 +19.3 5.01 6.69 -1.37 5.15 2.46 

a4-a-05R12 40 4.43 8.53 -4.12 22.4 26.1 -22.4 3.24 6.40 

C114-n-0010 
(saturated) 

33, 5.46 7.94 -5.41 53.6 60.2 -53.6 8.98 31.7 

014-n-C4B10 
(superheated) 

100 3.68 4.47 -3.45 62.3 67.8 -62.3 2.21 37.3 

Rotes: a) Component 1 is the first species listed in each system's title. 

b) Average Deviation for Pitzer's Method is based on the same points.. 



TABLE 2  

PURE COMPO NENT CRITICAL PROPERTIES  

Temperature Pressure, atm. Co eaaibility 

Methane 191.06 45.80 0.289 

Bthane 305.56 48.30 0.285 

n-Butane 425.17 37.47 0.274 

n•Pentane 469.78 33.31 0.269 

Carbon dioxide 304.12 72.93 0.275 



NOMENCLATURE 

a Activity, 

a,b Constants in equations of state. 

a1,2 rZATo "1  1 
L Pc 1,2 

1)1,2 ifisis  11/3 
2 L Pc J 1,2 

Base of Naperian logarithms. 

Ideal equilibrium constantOry/x 

f Fugacity. 

(f/P),(f/PF) Fugacity coefficient, pure component, component 
in solution. 

G Free energy. 

Ork-10 /re' Real gas enthalpy departure term. 

N Mole fraction any phase. 

n Number moles. 

Po Vapor pressure. 

P Total pressure, 

p Partial pressure: 

Universal gas constant: 

T Temperature: 

Volume. 

Acentric factor. 

x • Mole fraction liquid phase. 

X(°),R(1) Pitzer table values for 11,0 or Z function. 

y Mole fraction vapor phase: 

Z Compressibility factor. 



oC Residual molar volume. 

04 NO/ P *1.0) • empirical factor. 
1.0+eL ZXLPci 

ti Intermediate temperature-composition scale. 

Activity coefficient. 

Ak Chemical potential. 

Summation. 

Hypothetical surface tension at 0°  K. 

0 Fugacity coefficient. 

Correction term in Leland,et al, equation 
for ideal K or 0. 

SUPERSCRIPTS 

Partial molar property. 

o Standard state. 

Ideal gas state. 

Pseudo state. 

c Number of components in mixture. 

SUBSCRIPTS  

Critical property. 

i,j,n Components in a mixture. 

Mixture. 

Mix Rquimolal mixture. 

Number of moles. 

R Reduced property. 

talc. Calculated. 

exp. Experimental. 
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APPENDIX 



C CIMENSION F TABLE ENTRIES 
CIRENSION VTR(31.20).HCA(31.2C).41(31,20).MCC(31.2C).FTS(2C).VS(20) 

1.PSI121.FC(2) 
Z TABLE ENTRIES _ _ 
CITENSION ZER(31.201,ZCA(11.2C).Z(31.20).ZCO(31.2C).ZIS(2C).ZS(201 

C F TABLE ENTRIES 
CITENSION FTR(31,20).FCA(31,2C),F(31.20),FCB(31.2C1.FTS(2C1.FS(201 
COMMON FIR,FCA.V,VOBOATS.MS,ZTR.ZCA.Z.ZCB.ZTS,ZS.VIR.FCA.F.FCE.FTS 

1,FS 
CIMENSION 188(31) 

C TANA OF VALUES FOR Z. H. ANC F TABLE ASSIGNMENTS 
TAB( 11=.8C 
TAB( 2)=.5C 
TAB) 21=.82 
TAB) 4)=.54 
TAB( 51=.5E 
TAB( 6)=.5e 
TAB( 7)=1.CC 
TAB( E)=1.C1 
TAB) 8)=1.C2 
TAB(11)=1.C3 
788(11)=I.C4 
18e(12)=I.15 
T88(13)=1.CE 
T88(14)=1.17 
188(15)=1.CE 
181(14)=1.C9 
TAB(17)=1.11 
TAN1E1=1.12 
788(19)=1.14 
T81(21)=1.IE 
188(21)=1.18 
188(22)=1.21 
7A8(23)=1.30 
TAE I241=1.48 
182(25)=1.5C 
188(26)=1.EC 
788(27)=1.7C 
TA1(221=1.BC 
TAB(2S)=1.SC 
TAB(3C)=2.CC 
T78(31)=3.11 

C REAL TABLES INTO CORE 
ICT=C 
K=C 

C REAL F TABLE 
4 REAL I.PROR,EB.T,DA.TS.T1 
1 FORTATIF5.C,F5.C.316.0.F5.C.FE.C) 

C ASSIGN TO FROFER PLACE IN TABLE FIRST POINT ANC SATURATION VALUE 
CO 21 1=1.31 
IF(TR-TAB(I))21.24,21 

21 CONTINUE 
24 K=K41 

1-JR(I.K)=114 
VCA(I.K)=CA 
4.(10()=T 
VC8(10()=Ce 
VISIK)=TS 
FS(K)=11 
CO 2 1=2.31,2 
REAL 3.12,12,T.CA.TR1,Ce101.CA1 

3 FORTATI5X.F5.C,FE.C,F6.G,FE.C,F5.C.3FE.C) 
C ASSIGN TO FROFER PLACE IN TABLE ALL RETAINING VALUES 

00 25 L=1.31 
• 
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IFITrz-1ABILII25,26,25 
25 CONTINUE 

G2 T2 2 
26 PTR(L,K)=IR 

PCA(L,K)=22 
PIL,K1=1 
rce(I,K)=22 
FTRIL41,61=181 
PCA11.41,81=CA1 
(-I141,K)=11 

2 FCBIL4I,K1=Cel 
!E(K-20)4,5,5 

5 K=C 
C REAL Z TABLE 

7 REAL 1,PROR,CP,T,DA,TS,T1 
C ASSIGN TO PROPER PLACE IN TABLE FIRST. POINT ANC SATLRATION VALUE 

CO 27 1=1,31 
IFITR-TAB(II127,26,27  

• 27 CONTINUE 
28 6=641 

ZTR(I,K)=TR 
I22(1,81=CA 
ZCB(1,6)=28 
ZII,K)=1 
ZTSIK1=TS 
ZSIK1=11 
CO 6' 1=2,3C,2 
PETE 3,18,28,1,0A,TR1,CB1,11,CA1 

C ASS1CN T2 PROPER PLACE IN TABLE ALL REMAINING VALLES 
CO 25 L=1,31 
IFIIR-TABIL)125,32,29 

2S CONTINUE 
GC 12 6 

3C ZTR(E,K)=IR 
ZCAIL,KI=CA 
ZIL,K1=1 
ZCBIL,K)=CE 
ZTRIL4I,K)=TRI 
ZCAIL4I,K1=CA1 
Z(L41,81=11 

6 m(L41,K)=ce1 
1E1K-2017,8,B 

I K=C 
C REAC F TABLE 

IC REAL 1,pp,TR,ce.T,DA,rs,T1 
C ASSIGN TO PROFER PLACE IN TABLE FIRST P2INI ANC SATURATION VALUE 

C2 31 1=1,31 
!FUR-TABU/131,32,31 

31 CONTINUE 
32 K=K+I 

FIRII,K)=TR 
FCAII,K1=CA 
FII,KI=T 
FCB(1,K)=CE 
FTSIKT=TS 
FS(K1=T1 
C2 S 1=2,32,2 
REAC 3,16,22,T,CA,TR1,C81,11,011 

C ASSIGN T2 FR2PER PLACE IN TABLE ALL REMAINING VALLES 
CO 33 L=1,31 
IFITR-TABIL/133,34,33 

33 CONTINUE 
G2 TO 9 

34 FTR1L,K)=TR 
FCA(L,K)=CA 
FIL,K1=1 
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Fce(I.K).ce 
FIR11.41,K)=TRI 
FDA(1.41,N)=DA1 
FCBIL41,X1=CB1 

S F(L410()=T1 
IF(R-1C)1C,I1,11 

C ExTRAFOLATE INTO MypATFETICAL REGION IF LAhEST VALUC IN TABLE I IS 
C FIGEER TERN Lin,EST VALUE IN PRECEECING TABLE 1-1 

11 ICT=ICT41 
CC 4C N=2.,E 
1=11-N 
CA 41 V=1,7 
K=8-M 
IF(MTR(K,11-mTR(K,I41))41,41,42 

41 CONTINUE 
Ge TA 4C 

42 J=141 
• L=K+1 

1E1J-5)43,44,44 
44 BLINE=IMIL,J1-m(L41,J))/IPTR1L,J)-NTR(L41,J)1 

ALINT=1-(L,J) -ELINE4mTR(L,J) 
CZLINc=12(1,J1-2(141,J11/(ITRIL,J)-ITRIL41,J1) 
AILINE=21L,J)-BELINE4ITR(L,J) 
BFLINE=IFIL,J)-FIL41,J))/(FTRIL,J)-FIR(L41,J)) 
AFLINE=ElL,JC-BELINE4FTR(L,J) 
GO TA 45 

43 PLINE=(FS(J)-FIL,J)1/1mTS(J)-mIR1L,J)) 
ALIN6=1-S(J)-BLINE 4HTS(J) 
EZLINE=I2S(J1-2(1,J))/(LISIJI-ZIRCL,J1) 
AZLINE=IS(J)-EZLIKE4ZTS1J) 
BFLINE=IFS1J1-F(L,J))/TFTS(J)-FTRIL,J)) 
AFLINE=E51J1-EFLINF4FTS(J) 

45 h(m,J)=ALINE4ELINE4m1R1K,I) 
Z(K,J1=AZLINE4BZLINE4ZTRIX,I) 
FIK,J1=AELINE4BFLINE4FTRIX,11 
mTR(N,J1=FIR(K,I1 
2TR114,1)=2TRIX,I) 
FTP1K,J1=FTRIR,Il 

C USE SANE CA-ER FAR EXTRAPOLATED PAINT AS LPPERNAS1 FAINT IN TABLE 
VCA1x,J)=mCAIL,J1 
6DBIK,J)=MCEIL,J1 
ODACK,J)=ZDA(L,J) 
2CBIK,J)=LCB1L,J1 
ECA(K,J)=FCA1L,J) 
FD014.,J)=FCB1L,J) 

4C CONTINUE 
G2 TA(11,46),ICT 
START CALL. OF MIXTURE FUGACITIES 

C REAC CRITICAL PRAFERTIES 
46 REAC 12,TC1,TC2,PC1,PC2,2C1,2C2 
12 FARRATI6E7.C) 

CAS6=CASE41. 
12=1 
IS LAST CASE, YES- END OF JAB, NO- READ DATA POINT 
IF11C1-9SSS.)13,2C,2D 

C REAL LAIR FAINT 
13 REAL 15,PIN,T,P,X1,FEI,FE2 
15 FORMAT(F6.C,F8.0,T8.C,FT.C,F7.C,F7.0) 

1=1 
C IS LAST POINT IN SYSTEM, YES- READ NEXT SYSTEM, NE- CALCULATE 

11()(1)46,46,14 
14 ALPmA=1.C4ExPF1 -1C.o(P/IX14PC1411. -X1)4PC2) -1.1442) 

. A1=SCRIF 1112C14(TC1)441ALPmA41.11)/pC1) 
A2=SCRTF It12C24(1C2)441ALPPA41.1/1/PC2) 
81=.54(12C141C11/PC1)44.33333333 
12=.54112C241C21/PC2144.33333333 
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tc=x1.QC14(1.-xl)fzc2 
cAx.(x1.e1411.-xl)ma2)•.2 
cex.(xioxi.((2..ai)..3.)+2..xl.(1.-x1)*((81+82)..3).(t1.-x1)..2).( 
1(2.*82)..31) 
7C=ICCX/C8x1..(1./ALPHA) 
PC=ITC../C1/C8X 
ETX=I2./ALPFAI.II(XI.Al.A14.(1.-X11.A1fA2)/CAX)-(1)(1.((2..81)..3)+( 
11.-X1).(181422)..311/C8XI) 
EPX.(2./ALPhAl.(f(X1.A1fA14(1.-X1) *Al.A2)/CAXI-I(1..tALPFAI.IIX1 

1 ).(12.*E1I++31411.-X11*((814.82)..3)II/C8XI+(1.+ZC1/2C) 
TR=f/IC 
PR=F/FC 

C CALL TA8LE LOOKUP ROLTINE FOR Z,H,F. 
CALL TABLE(PR.TR,Z10-1,E1,FLAG,ZCI 

C IF OLT OF RANCE OF TABLE, SKIP 12 NEXT CALA POINT 
IFIFLAG-I.CI18.13.13 

18 PSIII)=-(1./(1.9870 T)I.(Fl•TC•CIX1+11.-21).EPX 
FCIII=F1•EXPF(PSII)II 
CO TO(16,171,1 

16 1=2 
ETX=I2. /ALPFA),I(I(1.-XII.A2.A2+XI.Al*A2)/CAX)-(III.-X1).(12.•8 

120,..31*X1.((81482).*31)/CPXII 
EPX.(2./ALFFA).(11(1.-XII.A2.A2.1X1).Al.A2)/CAXI-Ill.+ALPF.A)*(II.-  

(X1)*(I2.+821..3)4(X1).(1814827.•3)))/CPA).(1..ZE2/ZC) 
CO TO 18 

17 EEV1.(IFEI-FCII)1/FEII*ICC. 
CEV2=I(TE2-FC(2))/FE2).1CC. 

C PRINT RESLLTS 
CALL PLIPT1 IPTN,I,P,X1,FC,FEI,FE2,0EVI,CEV2,CASE,I2) 
CALL OUTPT2 (FTN,TC,PC,X1,TR,PR,Z1.F1,1,1,PSII 
IO=C 

C GET NEXT POINT 
GO TO 13 

2C CALL SYSTEM 
STOP 
ENE 
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• 
SUBROUTINE TABLE1PR.TR,ZI,H1.F1,FLAG,a) 

--DINENSION TAB(20) 
DIMENSION HTR(31,20),HDA(31.201,H(31,20),HDB(31,20),HTS(20),HS(201 
DIMENSION ZTR131.201.10A(31,20),Z(31,201,1013(31,20),ZTS(201,151201 
DIMENSION FTRI31,20).FDA(31,201.F131,20),FDB(31.20),FTS(201,FS120) 
COMMON HIR,HDA,H,HDEI,HTS.HS.ZTR,ZDA,Z.ZDB,ZTS,ZS,FTR,FDA,F,F08.FTS 
1.FS 

C T-AB-L-F-OF-PR-VALUES 
TAB(1)=.20 
TAB(2)=.30 
TA8(3)=.40 
TAB(4)=.50 
TAB(5)=.60 

TA8(7)=.80 
IA8(8)=.90 
TA8(9)=1.00 
TA8(10)=1.05 
TA8(11)=1.10 
7A8I721=1-.26 
TAB(13)=1.40 
TAB(141=1.60 
TAB(15)=1.80 
TAB(16)=2.0 
TA8(17)=4.0 

TA8(19)=8.0 
TAB(201=►0.0 
FLAG=0.0 
K=0 

C CHECK PR 
--TF1-PR-TWB(I))1,2,2 
2 IF(TA8(201-PRII.3,3 

C OUT OF RANGE OF TABLE 
1 Z1=0.0 
H1=0.0 
F1=0.0  
FLAG=1.0 
GO TO 226 

C GET POINT IN TABLE 
3 DO 4 1=1,20 
IF(PR-TAB(I))5,6.4 

4 CONTINUE 
----DIAZ-CT-HIT-IF 6 

C INTERPOLATE IF 5 
5 J=I-1 

K-I 
GO TO 7 

6 J=I 
--C- CHECK TO FIND IF DA AND DB FROM TABLE FOUND IS TO-BE USFU-OR1F-TX- 
C USE LAST DA AND DB OF TABLE PR=1.2 

7 IF(I-13)25.9.9 
9 10=12 

GO TO 8 
25 11)=.1   

C IS TR LESS THAN SATUR-ATION PT. 
8 IF(TR-HTR(1,J)110.11.11 
10 IF(TR-HTS(J)112,13.14 
12 FLAG=1. 
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GO TO 226 
C AT SATURATION POINT 

13 HI=HSIJ1 
IF(ID-12T30.31,31 

31 DAH=HDAI1.121 
DBH=HDB(1.12) 
GO TO 24 

30 DAH=HDA(I.J1 
DBH=HDB(I.J1 
60 TO 24---------- 

C BETWEEN SAT. AND FIRST PT. IN TABLE, INTERPOLATE 
C TR INTERPOLATION 

14 FACT=CHTS1J1—TR1/(HTSIJI—HTRII.J1) 
ANSH0=0-1(1.,1)—HS(j1).FACT.HSIJI 
IFIK/16.16,15 

C INTERPOLATE VS PR 
15 ANSH01=1H11.KI—HSIK1)+FACT+HS(K) 

FACTI=ITAB(K1—PR)/(TABIK/—TABIjI1 
HI=IANSHO—ANSH011+FACTI+ANSHOI 
IFIID-12132,33,33 

 33 IFIK-13132.35.35 
35 DAH=HDA(1.12) 

DBH=HDBI1021 
GO TO 24 

32 DAH=CHDA(I.J1—HDATI,K1).FACTI+HDAII,K1 
DBH=IHDB11..11—HDB(I,K)1.FACTI+HDB11,K) 
GO TO 24  

16 H1=ANSHO 
DAH=HDA(I.J) 
DBH=HDBIl..0 
GOT024 

C POINT IN BODY OF TABLE 
11 DO 17 1=1.31 

C FIND CORRECT PLACEMENT 
• 18 INTERPOLATE 
• 19 DIRECT HIT 

IFITR—HTR(IeJ1118.19.17 
17 CONTINUE 

60 TO 1  
18 L=1—I 

N=I 
• INTERPOLATE VS TR 

FCTR=IFITRIL,j)—TRI/(HTRIL,A—HTRIN,J11 
ANSH=IHIN.J1—HIL,JI]kFCTR+HIL.J1 
IF(1020,20.21 

C INTERPOLATE VS PR 
21 ANSHI=IHIN,K1—HIL,K11.FCTR+H(L.K1 

PFACT=ITABIK1—PRI/ITABIK1—TABIJII 
H1=IANSH—ANSH11.PFACt+ANSHI 
IFIID-12/44,43.43 

 k3 IFIK-13144.45.45  
• IF PR ABOVE 1.2 USE 1.2 DA AND DB VALUES 

45 DAH=IHDA(N.12I—HDA(L.12)).FCTR+HDAIL,121 
DBH=IHDB(N.121—HDB(1..12floFCTRrHOBIL,121 
GO TO 24 

• INTERPOLATE DA AND DB 
44 DAH=(HDA(N.JI—HDAIL.J)).FCTR.HDAIL.j1  

08H=IADBIN,J1—HMIL.J11.F-CTA"..HDBfEJ1 
DAHI=IHDAIN.KI—HDA(L.K)1•FCTR.HDA(L,K) 
DBH1=IHDBIN,K1—HDBIL,K/1*FCTR•HDBIL.K1 
DAH=IDAH—DAH11.PFACT+DAH1 
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0101=1081.1-0BH11•PFACT+DBH1 
GO 1024 

 20 HI=ANSH 
001=INDA(N.J)-HDA(L.J1)•FCTR•HOA(L.J) 
08H=IHDBIN.J1-HDB1L.J11+FCTR+NOB(L.J) 
GO 1024 

19 IFIKI22.22,23 
22 HI=H(I.J) 

DAH=NDAII.j1  

GO TO24 
C INTERPOLATE VS PR 

23 PFACTI=ITABIK1-PRI/ITA8IK1-TAB(J)1 • 
H1=(1-411.J)-1-1(1,K1)•PFACT1+1-111.K1 
DAH=INDAII.J1-NDA(I,K1).PFACTI+HOA(1.K1 

---001-1-.11i0-011,J1-H0011,K)1.13FACTI+Ho8(1,R1 
C GET F VALUES 

24 J=J 
K=K 
DAF=DAF 
FACT=FACT 

---TFUTR-PIR(1,j14T10,111,1T1 
110 IFITR-FTSIJ11112.113.114 
112 FLAG=I. 

GO TO 226 
C AT SATURATION POINT 

113 F1=FS1.11 
—TFTTD-121230.;231,231 

231 DAF=FDA(1,12) 
D8F.F0B11,121 
GO To 124 

230 DAF=FDA(1.J) 
OBF=F08(1.J) 

BETWEEN SAT. AND FIRST PT. IN TABLE. INTERPOLATE 
C TR INTERPOLATION 

114 ANSFO=IFII,J1-FS(JI).FACT+FSIJ) 
TF00116,116,115 

115 ANSF01=4F11.K1-FS11(110FACT+FS(K) 
C INTEklY0EATE VS PR- 

FI=IANSFO-ANSFOII•FACil+ANSFOI 
TF110-121232.233,233 

233 IF(K-13)232,235,235 
235 DAF=FDAI1.121 

OBF=F013(1.121  
GO TO124 

232 OAF=IFDA(1,1)-F0A(1.K1).FACTI+FDA(1.K1 
08F=IFOB(1.J)-F08(1,K)1•FACT1440811.K1 
GO TO 124 

116 F1=ANSFO 
OAF=FDAII.J)  
DBF=F0B(1,J) 
GOT0124 

C POINT IN BODY OF TABLE 
111 IFITR-FTR(I.J)/118.119.117 
117 CONTINUE 

GO TO  124   
C INTERPOLATE VS TR 

118 ANSF=IFIN.J1-FIL.JI1•FCTR+F(L.J) 
IFIK1120.120.121 

121 ANSF1=IFIN,K1-FIL.K/1•FCTR+FIL.K1 
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C INTERPOLATE VS PR 
F1=1ANSF-ANSF11=PFAEDANSF1 
IFIID-12)244.243.243  

243 IFIK-131244,245,245 
• IF PR ABOVE 1.2 USE 1.2 DA AND OB VALUES 

245 DAF=IFDA(N,I2)-FDA(L.12)1•FCTR+FDA(L.12) 
DBF=IFDB(N.121-FOB(L.121)•FCTR+FDBIL,12) 
GO TO 124 

• INTERPOLATE DA AND DB 
244 DAF=IFDAIN.J1-FDAIL.J11=FCTRrFDA(L.J1 

OBF=IFDBIN,J)-FDBIL,J11•FCTR+FDB(L.JI 
DAFI=IFDAINOCI-FDAIL.K11=FCIR+FDAIL.K1 
DBFI=IFDBIN.K1-FDBIL.K11=FCTR+FDB(L.K) 
DBF=(08F-DBF1)=PFACT.DBF1 
DAF=(DAF-DAF11•PFACT+DAFI 
GO TO 124 

120 FI=ANSF 
DAF=IFDAIN,J)-FDAIL.JI)•FCTR+FDA(L.J) 
OBF=IFDB(N,J)-FDBIL,J)1•FCTR+FDBIL.J) 
GO TO 24 

119 IFIK)122.122.123 
122 FI=FII.J/ 

DAF=FDA(I.J) 
DBF=FDBII.JI 
GO TO 124 

C INTERPOLATE VS PR 
123 F1=1F(1.J1-F(1,K))=PFACTI•F(1,K) 

DAF=IFDA(I.J)-FDA(10(11•PFACTI+FDA(I.K) 
DBF=(FDB(I.J)-FDB(I,K)1•PFACTI+FDBII.K) 

C GET Z VALUES 
124 J=J 

K.K 
IFITR-ZTR(1.J)1210.211.211 

210 IFITR-ZISIJ11212.213,214 
212 FLAG=1. 

GO TO 226 
• AT SATURATION POINT 

213 ZI=ZS(J) 
TF(1E1-121130.131031  

131 DAZ=ZDA(I.121 
OBZ=Z0B11.121 
GO TO 224 

130 DAZ=ZDAII.J1 
OBZ=ZOB(1,J1 
60 10224  

C BETWEEN SAT. AND FIRST PT. IN TABLE, INTERPOLATE 
C TR INTERPOLATION 

214 ANSZ0=1Z(I,J)-ZS(JI)•FACT+LS(J) 
IF(K1216.216.215 

215 ANSZ0I=IZII.KI-ZSIKI)•FACTrZS(K1 
C INTERPOLATE VS PR 

21=IANSZO-ANSZ011•FACTI•ANSZ0I 
IFI ID- 12) 132. 133. 133 

133 IFIK-131132.135.135 
13S DAZ=ZDA11.121 

OBZ=ZDB11,121 
60 TO224 

----132 DAZ=IZDA11.JI-ZDAII.RITTirATTTTIDAII.K) 
OBZ=IZOB(I,J1-Z08(I,K)1•FACT1+ZDB(1,K1 
GO TO 224 

216 ZI=ANSZO 
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DAL=IDAII,J1 
DBZ=ZD8(1',J) 
GO TO 224 

211 IFITR-7TR(I,J)121t4,219,217 
217 CONTINUE 

GO TO 224 
C POINT IN BOUr OF T4tqE 
C INTERPOLATE VS TR 

218 ANSZ.AZIN,J1-ZIL,J11.FC1R4./(L,J) 
IFIK)22C,220,221 

221 ANS/1.17(N,K1-71L,K1).FCTR+I(L,K1 
C INTERPOLATE VS PR 

/1=(ANS7-ANSZI).PFAc1+AAS/1 
IF(ID-12)144,143,143 

143 IFIK-131144,145,145 
C IF PR A82vE 1.2 uSE 1.2 DA AND DB VALUtS 

145 DAZ=(ZDA(N,12)-ZDA(L,17))•FCTR+ZDA(L,12) 
08Z=(Z06(N,17)-ZDB)L,l2))•FCTR+/Dh(L,12) 
GO TO 224 

C INTERPOLATE DA AND DR 
I44 DAZ=IICA(N,J)-7DA(L,J))•FCTR+IDA(L,J) 

DBZ=(ZDB(N,J)-luh(L,J))►FCTR+LDB(L,J) 
DAZI=CiDAIN,KI-ZDA(L,KII•FCTR+7DA(L,KI 
0871.170B1N,K1-ZOBIL.K11=FCTR+701-1IL,K1 
DAZ=(DAI-DALI)•PFACT+DAZI 
08Z=(DBZ-UBZII•PFACT+DBI_I 
GO TO 224 

220 71=ANS7 
DAL-AZDAIN,J1-IDAIL,J11.FCTR+ZDAIL,J1 
DBZ-AZDBIN,J1-7DB1L,J11.ECT.I.LOBIL,J1 
GO To 224 

219 IF) K) 222,222,223 
222 Z1=7(1,J1 

DA7=ZDAII,J) 
DBZ.LDB(I,J) 
GO TO 224 

C INTERPOLATE VS PR 
223 71.17(1,J)-711,K))+PFACT14I(I,K) 

041=110411,J)-ZDAII,K11.PEA:T1+7DA(1,KI 
DB7=(ZDB(I,J)-7081I,K11•PFACTI+ZDH(I,K) 
CHECK 7C FOR DA OR DB CORRECTION 

224 IF(LC-.271227,226,225 
226 UR7: 

C USE DA FOR CORRECTION 
225 11=11+DAZ•IIC-0.27) 

H1=H1+DAH•HC-0.271 
FI=F1•10.••(DAF•(ZC-O.27)) 
GO TO 226 

C USE DB FOR CORRECTION 
221 ZI=II+DBZ•(ZC-0.27) 

'"H1=li1+DBH•(ZC-0.27) 
F1=F1•10.••(D8F•(IC-O.27)) 
GO TO 226 
END 
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SUFM..LTIW OUIPTI 1P14,T,P,x1,FC,EFI,FE2,DEvl,DEV2,CASE,I21 
CivE;.s12N 1C(2) 
NPT=xFixF(PTN) 
ICASC = xvIxEICASEI 
IF11.:117.17,9 

9 PRINT 7 
7 F2RHAT(11,3,3.3x,9hTABLE 2NE,7X,21HFUGACItY COEFFICIENTS) 
8 G2 1,:11,2,3.4.5.61.1CASE 
I PRIG) 10 

10 FOPYATIIHC,33x,6HSys1EM,4x,13HCO2 - METHANE) 
G0 12 16 

2 P6151 11 
11 FeRYAHIH0.33X,6HSySTEm,4x,16HmETHANE - ETHANE) 

G,0 Tc: 16 
3 PRINT 12 
12 FeRMAIALI-C.33X.6HSYSTEM,AX,12HCO2 - BUTANE) 

Ge Te 16. 
4 PRINT 13 
13 Felv-'.ATIIH0,316,6HSYSTEM.AX,17HmETHANE - PENTA%E) 

Ge To 16 
5 PRINT 14 

14 FORYA II 11,0 33x. 6HSYSTCI,, 4% 281-1,1: NANE - BUTANE ISA fuRATED ) ) 
G. 1„; 16 

6 PRINI 15 
15 F,;R, A111H0,33X,6HSYSTEM.4x,3OHMETHANE - BUTANE 1SupERHEATED)) 

02 To 16 
16 1111e117,17,18 
18 PRINT 1-) 
19 Fi'RmAff IH0,55x,17HFUGACITY C2EFF. 1,11x,17HFuGAcirr CHEF. 2/IH 
1106,71PT. %O.,4x,7HIEmP. K,3x,I0HPRESS. AT1,4X,2Hx1,6X,22HCALC 
2E6P PCI DEV,6X,22HCALC EXP PCI DEV) 
INcr=0 

17 IFIL\CT-45121,21,22 
22 h"..1 

G0 12 9 
71 PRINT 2.0,::PT,T,P,x1,FC11),FE1,0EvI,FC(2).FE2,1°,EV2 
20 EJ.,:mATI1H 106,16,5x,17.2.4x,17.2,2X,E1.3,30.16.3,16,17.3,34,17.3,4 

IX,16.3,16,17.3,3X,E7.31 
LNCT.LNCT+1 
RE1u,IN 
END 

5
5

 



SUFF.1,11Ni /UIPI2 IP14,TC.PC,X1,TR,PR,71,FT,H1,PSI) 
CIPENSI.M. PSII2) 
CASE.CASE+1. 
NPT=KFIXFIPT ,4) 
IFICASE-1.11,1,2 

1 hKIIE MTioT TAPE 6,3 
3 F2,2KAT(IF3,33x,9FTA3LE TW2,3X,22HPKOPERTTES OF VIXTURES/1H0.10X.2k 
1PT. K .3X,I0HPC, AIM. .4A.2HX1.7X,2HTR,6X,2HP,t,6A.1 
2HZ,Eix,6H(F/P) ,,5X,IHH,7X,5HPSI 1,7X,5HPSI 2//1 

LNCI.0 
2 WkITE OUTPUT TAPE 6,4, ,WTOC,PC,x1,TR,PR.LI,FI,HI.PSTI1).PSI(2) 
4 FOio'Al(lh . 6K,I6,3X,F7.2,4X,F7.2,3X,F/.1,3X,F6.3,1X,F7.3, F7.3, 
16X,F6.3,1K,F7.3,5X,F7.3,5K,F7.3) 

LNCI.L'IC1*1 
IFIL%CI-45 )6.6,5 

5 CASU=C. 
6 REFUW. 

EN) 
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Nomenclature for Computer Program 

The nomenclature used attempted to conform insofar as possible 

to common terminology with certain exceptions. Because of the 

rules and limitations of the FORTRAN language, not all mathematical 

symbols and terms are directly usable, and must therefore be modi-

fied. For example, there are no lower case letters in FORTRAN. 

In addition, certain terms such as fugacity coefficient were named 

so as to conform with the work of Mazzei, op. cit., in order to 

make the comparison with the Pitzer method clearer to the reader. 

In particular, the table headings in Tables 1 and 2 use the same 

nomenclature, where applicable, as Mazzeils work. 



NOMENCLATURE FOR COMPUTER PROGRAM 

ALPHA ot. =1.0+ exp.1719(  P  

x2Pc2 

A1, A2 aLArizae441] 
Pc 1,2 

B1,H2 1/3 
2L Pc 1 1,2 

CAS (xlal x2a2)2 

CBX x12(2b1)3+2x1x2(b1462)3+x2 2(2b2)3 

DAZ,DB2 Da and Db correction terms for Z table. 

DAF,DBF Da and Db correction terms for (f/p) table. 

DAH,DBM Da and Db correction terms for (H*-11) /Tc' 
table. 

DEV1,2 vip.,c-(1/11.0 calf. x 100% 
(f/py) 411):P. 

1-11,1 
Xi Tct Oz1,2 twa a Xi 

DPXI, 2 1 xi ng/.7 
Pc'Lbx1.2 .) xi J 

F Fugacity coefficient. 

F1,(F/P)M Table value of fugacity coefficient 

FC1,2 Calculated fugacity coefficient for components 
1 or 2. 

FDA,FDB Equivalent to DAF,DBF. 

FE1,2 Experimental fugacity coefficient for 
components 1 or 2. 

FUG Variable used to determine if a point is out 
of range of tables. 

PS Saturation value of fugacity coefficient. 



FTR Reduced temperature in F table. 

FTS Saturation temperature in F table. 

H Ideal gas enthalpy departure term,(11*-H) 
Tc' 

H1 Table value of enthalpy departure. 

HDA,HDB Equivalent to DAH,DBH. 

HS Saturation value of enthalpy departure term. 

HTR Reduced temperature in H table. 

HTS Saturation temperature in H table. 

NPT Point number. 

OUTPT1,2 Subroutines for printing results of calculations. 

Pressure. 

PC Pseudocritical pressure. 

PC1,2 Pure component critical pressure. 

PR Reduced Pressure. 

Ps t1,2 41  1, 2=-1 ( kt711)(=- xaTs.L. Tc '  
RT Tc' a xl, 2 i t a xi I 

+ (1-0( 1-02s2. Pc' 
)X1,2i=l '6 )ci 

T Temperature 

TAB(I) Table of values of F,H,or Z against reduced 
temperature at a constant reduced pressure. 

TC Pseudocritical temperature. 

TC1,2 Pure component critical temperature. 

TR Reduced temperature. 

TS Saturation temperature. 

X1 Mole fraction component 1,xl. 

Z Compressibility factor. 

Zl Table value of compressibility factor. 



ZC Pseudocritical compressibility factor, Zc'. 

ZC1,2 Pure component compressibility factor. 

ZDA,ZAB Equivalent to DAZ,DAB. 

ZS Saturation value of compressibility factor. 

ZTR Reduced temperature in Z table. 

ZTS Saturation temperature in Z table. 



TABLE ENE FUGACITY CEEFFICIENTS 

SYSTEM CO2 - METhANE 

FUGACITY COEFF. 1 FUGACITY CBEFF. 2 
PT. NO. TEMP. K PRESS. ATM XI CALC EXP PCT CEV CALC EXP PCT CEV 

1 344.27 100.CC 0.204 1.02C 1.003 -1.742 0.729 C.721 -1.105 
5 344.27 200.00 0.204 1.075 1.09E 1.952 0.547 C.520 -5.253 
6 344.27 200.CC C.406 C.978 0.945 -3.469 0.568 0.560 -1.482 
8 344.27 200.CC 0.847 0.884 0.863 -2.453 0.641 C.638 -C.449 
9 344.27 300.00 0.2C4 1.C98 1.102 0.321 0.438 C.431 -1.691 

11 344.27 300.00 0.605 0.913 C.88C -3.703 0.511 C.503 -1.630 
13 344.27 400.CC 0.204 1.117 1.117 0.017 0.390 C.392 0.392 
14 344.27 400.00 0.406 C.991 C.964 -2.817 0.423 0.424 0.141 
15 344.27 400.CC C.605 0.921 0.894 -3.038 0.469 C.459 -2.C96 
17 344.27 500.00 0.204 1.156 1.158 0.141 0.375 C.373 -0.547 
18 344.27 500.00 C.4C6 1.02C 1.002 -1.815 0.404 C.406 0.402 
25 415.94 100.CC 0.2C4 1.017 1.016 -C.128 0.864 C.853 -1.333 
29 415.94 200.00 C.204 1.055 1.C63 C.754 0.761 C.737 -3.238 
31 415.94 200.CC 0.605 0.977 C.963 -1.489 0.787 C.783 -0.534 
32 415.94 200.00 0.847 C.963 C.954 -0.956 0.794 0.802 1.C39 
33 415.94 30C.CC 0.204 1.C95 1.114 1.723 0.684 C.663 -3.222 
35 415.94 300.00 0.847 0.963 C.959 -C.379 0.729 C.748 2.494 
36 415.94 400.00 0.204 1.132 1.175 3.674 0.639 C.620 -3.129 
37 415.94 400.CC C.406 1.C31 1.035 0.434 0.650 0.655 0.729 
39 415.94 40C.CC 0.847 0.981 C.977 -C.436 0.693 C.723 4.C94 
40 415.94 500.00 0.204 1.175 1.23S 5.172 0.625 C.601 -3.940 
48 31C.94 100.CC 0.204 1.044 1.23C 15.121 0.608 C.575 -5.810 
51 311.94 10C.CC 0.847 0.898 C.969 -3.288 0.711 C.733 2.999 
52 310.94 200.00 0.204 1.C94 1.421 23.045 0.404 C.351 -14.966 
53 310.94 200.00 0.4C6 0.941 1.018 7.581 0.430 C.392 -9.776 
55 310.94 200.CC 0.047 0.83C C.781 -6.224 0.518 C.586 11.557 
56 31C.94 300.00 0.204 1.082 1.408 23.136 0.303 C.281 -7.889 
57 31C.94 300.CC 0.406 0.920 C.945 2.674 0.332 C.311 -6.625 
59 31C.94 30C.CC 0.847 C.799 C.743 -7.502 0.430 0.502 14.385 
60 31C.94 400.00 0.204 1.076 1.417 24.043 0.266 C.252 -5.663 
61 31C.94 40C.CC 0.406 0.920 0.970 5.133 0.292 C.279 -4.569 
63 31C.94 40C.CC 0.847 0.800 C.738 -8.334 0.393 C.478 17.841 
64 31C.94 500.00 0.204 1.106 1.46e 24.680 0.255 C.238 -7.002 
65 31C.94 500.CC 0.406 C.944 C.996 5.264 0.276 0.263 -4.792 
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TABLE ONE FUGACITY COEFFICIENTS 

SYSTEM METHANE - ETHANE 

FUGACITY COEFF. 1 FUGACITY COEFF. 2 
PT. NO. TEVP. K PRESS. ATM X1 CALC EXP PCT CEV CALC FXP PCT CEV 

79 294.27 136.CS 0.556 0.921 0.838 -9.872 0.374 0.340 -10.069 
82 294.27 187.12 0.556 0.867 C.773 -12.164 0.278 C.275 -1.267 
85 294.27 238.16 0.556 C.834 C.720 -15.836 0.248 C.245 -1.183 
95 294.27 170.11 0.738 0.83C 0.739 -12.302 0.350 C.322 -8.776 
98 294.27 221.15 0.738 0.795 C.695 -14.349 0.294 C.274 -7.332 
107 294.27 136.C9 0.893 0.841 C.791 -6.274 0.476 0.372 -27.985 
110 294.27 187.12 0.893 0.792 0.741 -6.919 0.371 C.285 -30.139 
113 294.27 238.16 0.893 0.769 C.708 -8.639 0.332 C.239 -38.803 
119 31C.94 102.07 0.319 1.071 1.049 -2.052 0.474 C.451 -5.157 
121 310.94 136.C9 0.319 1.C58 1.06C 0.217 0.406 C.361 -12.529 
124 31C.94 187.12 0.319 1.012 0.983 -2.931 0.314 C.298 -5.263 
127 31C.94 238.16 0.319 0.971 C.918 -5.792 0.282 C.271 -4.025 
135 31C.94 136.CS 0.556 0.941 C.861 -9.283 0.451 C.340 -32.786 
138 31C.94 187.12 0.556 0.906 0.828 -9.368 0.351 C.275 -27.552 
141 310.94 238.16 0.556 0.879 C.770 -14.216 0.315 C.245 -28.574 
149 310.94 136.09 0.738 0.896 C.817 -9.635 0.504 C.452 -11.415 
152 310.94 187.12 0.738 C.86C C.773 -11.205 0.399 C.365 -9.314 
155 31C.94 238.16 0.738 0.84C C.739 -13.659 0.360 0.321 -12.228 
164 310.94 153.1C 0.893 0.859 C.812 -5.816 0.516 0.404 -27.814 
167 31C.94 204.14 0.893 C.827 C.775 -6.673 0.437 C.328 -33.334 
169 31C.94 238.16 0.893 0.813 C.758 -7.247 0.409 C.296 -18.130 
181 327.6C 204.14 0.319 1.C31 C.941 -9.566 0.368 C.358 -2.902 
193 327.6C 170.11 0.556 0.945 C.850 -11.144 0.456 C.430 -5.966 
196 327.60 221.15 0.556 C.924 C.814 -13.49C 0.396 C.379 -4.536 
206 327.6C 153.1C 0.738 0.907 C.832 -9.033 0.538 C.489 -10.257 
2C9 327.60 204.14 0.738 0.884 C.798 -10.746 0.459 C.414 -10.879 
211 327.6C 238.16 C.738 0.874 C.78C -12.C31 0.433 C.384 -12.836 
223 327.6C 204.14 0.693 C.856 C.815 -5.009 0.506 C.386 -31.168 
225 327.60 238.16 0.893 0.842 0.80C -5.269 0.476 C.351 -35.492 
236 344.27 187.12 0.319 1.054 C.950 -10.906 0.453 C.439 -3.C96 
239 344.27 238.16 0.319 1.C34 0.903 -14.500 0.414 0.401 -3.247 
248 344.27 187.12 C.556 0.96C C.878 -9.362 0.497 0.529 6.141 
251 344.27 204.14 0.556 0.956 C.848 -12.760 0.480 C.460 -4.334 
253 344.27 238.16 0.556 0.949 0.83C -14.313 0.456 C.434 -5.159 
261 344.27 136.C9 0.738 0.932 C.867 -7.465 0.631 C.584 -8.090 

' 264 344.27 187.12 0.738 0.91C 0.837 -6.699 0.541 C.498 -8.602 
267 344.27 238.16 0.738 0.896 0.814 -10.031 0.498 C.445 -11.865 
279 344.27 204.14 0.893 0.885 C.847 -4.436 0.571 C.435 -31.211 
281 344.27 238.16 0.893 0.876 C.836 -4.738 0.541 C.399 -35.638 
295 36C.94 238.16 0.319 1.051 C.936 -12.244 0.479 C.461 -3.800 
306 36C.94 187.12 0.556 0.973 C.876 -11.017 0.562 C.545 -3.138 
309 36C.94 238.16 0.536 0.971 C.854 -13.731 0.517 C.498 -3.819 
320 36C.94 187.12 0.738 0.926 0.861 -7.564 0.600 C.559 -7.264 
323 36C.94 238.16 0.738 0.914 C.842 -8.519 0.556 C.507 -9.676 
332 360.94 153.1C 0.893 0.929 C.896 -3.643 0.689 C.563 -22.398 
335 36C.94 204.14 0.893 0.910 0.877 -3.811 0.626 C.489 -27.934 
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TABLE ONE FUGACITY COEFFICIENTS 

SYSTEM METHANE - ETHANE 

FUGACITY COEFF. 1 FUGACITY COEFF. 2 
PT. NO. TEMP. K PRESS. ATM X1 CALC EXP PCT CEV CALC EXP PCT CEV 

337 36C.94 238.16 0.893 C.9C4 C.869 -4.044 0.597 0.453 -31.837 
346 377.6C 153.10 0.319 1.060 C.977 -8.516 0.638 C.606 -5.207 
349 377.6C 204.14 C.319 1.068 0.966 -10.529 0.565 C.544 -3.782 
351 377.6C 238.16 0.319 1.065 C.955 -11.496 0.543 C.518 -4.8CC 
361 377.6C 170.11 0.556 C.981 0.897 -9.346 0.642 C.627 -2.367 
364 377.6C 221.15 0.556 C.974 C.88C -10.706 0.588 C.573 -2.602 
371 377.6C 102.C7 0.738 0.97C C.919 -5.521 0.780 C.752 -3.662 
374 377.6C 153.1C C.738 C.954 C.894 -6.667 0.702 C.661 -6.161 
378 377.60 204.14 0.738 C.94C C.876 -7.291 0.639 C.597 -7.067 
380 377.6C 238.16 0.738 0.936 C.869 -7.725 0.613 0.566 -8.356 
392 377.6C 204.14 0.893 0.932 C.898 -3.799 0.671 C.535 -25.462 
394 377.6C 238.16 C.893 0.927 C.892 -3.975 0.645 C.501 -28.683 
403 394.27 153.1C 0.319 1.053 C.981 -7.376 0.685 C.655 -4.509 
406 394.27 204.14 C.319 1.C64 C.979 -8.704 0.618 C.596 -3.757 
4C8 394.27 238.16 0.319 1.064 C.975 -9.129 0.597 C.571 -4.592 
417-  394.27 153.1C 0.556 0.988 C.915 -7.988 0.712 C.700 -1.646 
420 394.27 204.14 0.556 C.982 C.901 -8.975 0.549 C.643 -0.970 
422 394.27 238.16 C.556 C.978 C.895 -9.283 0.624 0.616 -1.374 
429 394.27 119.08 0.738 C.975 C.921 -5.876 0.787 C.755 -4.184 
432 394.27 170.11 0.738 C.963 C.9C2 -6.741 0.719 0.684 -5.150 
435 394.27 221.15 0.738 0.956 C.89C -7.467 0.672 C.633 -6.186 
447 394.27 187.12 0.893 0.951 C.921 -3.219 0.721 C.599 -20.317 
45C 394.27 238.16 0.893 0.946 C.914 -3.479 0.684 C.548 -24.762 



TABLE ENE FUGACITY COEFFICIENTS 

SYSTEM 002 - BUTANE 

FUGACITY MEE. 1 FUGACITY COEFF. 2 
PT. NO. TEMP. K PRESS. ATP XI CALL EXP PCT DEV CALC EXP PCT DEV 

452 31C.94 13.61 0.286 0.761 0.759 -0.280 0.975 C.966 -0.934 
453 310.94 17.01 0.235 0.715 C.717 0.331 0.957 C.946 -1.177 
454 31C.94 20.41 0.202 0.669 C.673 0.600 0.941 C.927 -1.523 
455 31C.94 23.82 0.178 0.626 C.634 1.260 0.925 C.909 -1.711 
456 31C.94 27.22 0.160 0.583 C.597 2.277 0.909 C.893 -1.752 
457 31C.94 30.62 0.145 0.543 0.564 3.736 0.893 C.878 -1.696 
458 310.94 34.02 0.133 C.503 0.532 5.413 0.878 0.865 -1.487 
460 310.94 47.63 0.100 0.342 C.415 17.610 0.823 C.802 -2.601 
461 310.94 54.44 0.090 0.256 C.351 27.086 0.799 0.772 -3.485 
462 31C.94 61.24 0.075 0.173 0.313 44.687 0.772 0.74G -4.383 
463 310.94 68.05 0.056 C.C71 C.3CC 76.339 0.755 C.710 -6.3C3 
464 31C.94 71.45 0.C51 0.059 C.271 78.215 0.734 0.699 -5.000 
465 310.94 74.51 0.060 0.051 C.191 73.412 0.717 C.701 -2.341 
466 310.94 71.92 0.050 0.06C C.271 78.023 0.730 C.698 -4.558 
467 31C.94 74.36 0.054 C.C54 C.215 75.066 0.715 C.696 -2.776 
469 344.27 11.91 0.723 0.801 0.800 -C.170 1.021 1.011 -1.003 
472 344.27 20.41 C.464 C.705 C.698 -1.545 0.999 1.001 0.225 
474 344.27 27.22 0.365 C.639 C.644 C.704 0.968 0.963 -C.501 
476 344.27 34.C2 0.306 C.575 0.594 3.251 0.943 C.937 -C.602 
478 344.27 47.63 0.246 C.435 C.488 10.891 0.909 C.889 -2.211 
480 344.27 61.24 0.220 0.264 C.387 31.751 0.912 C.856 -6.515 
481 344.27 68.05 0.216 C.165 C.336 51.004 0.959 0.847 -13.25C 
482 344.27 74.85 0.222 0.134 C.281 52.303 0.934 C.850 -9.902 
484 344.27 80.56 0.287 0.11C C.191 42.433 0.940 C.923 -1.793 
485 344.27 69.41 0.216 C.158 C.326 51.452 0.952 C.847 -12.455 
487 377.60 20.41 C.850 C.745 C.73C -2.117 1.111 1.142 2.699 
489 377.6C 27.22 0.687 0.675 C.668 -0.988 1.074 1.089 1.371 
491 377.6C 34.02 0.589 0.608 C.614 0.912 1.057 1.056 -0.099 
492 377.60 40.83 0.520 0.543 C.569 4.523 1.044 1.021 -2.282 
493 377.6C 47.63 0.476 C.469 C.522 10.133 1.057 1.009 -4.E03 
495 377.6C 61.24 0.432 C.319 C.425 25.006 1.133 1.005 -12.740 
496 377.6C 68.05 0.432 0.275 C.371 25.772 1.142 1.030 -10.861 
497 377.60 71.45 0.448 0.247 0.336 26.369 1.177 1.070 -10.029 
499 415.94 30.62 0.981 0.719 C.684 -5.C82 1.244 1.464 15.C51 
500 415.94 34.C2 0.923 0.683 C.646 -5.696 1.257 1.460 13.904 
501 415.94 37.42 0.876 0.644 C.614 -4.955 1.311 1.443 9.139 
503 415.94 44.23 0.809 0.572 C.557 -2.780 1.393 1.435 2.925 
504 415.94 47.63 0.790 0.538 C.528 -1.808 1.429 1.470 2.809 
505 415.94 51.03 0.795 0.50C C.490 -2.016 1.504 1.639 8.224 
506 415.94 51.59 0.812 0.489 C.476 -2.822 1.573 1.810 13.107 
507 415.94 49.26 0.788 0.521 0.519 -0.305 1.449 1.525 5.00C 
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TABLE ONE FUGACITY COEFFICIENTS 

SYSTEM METHANE - PENTANE 

FUGACITY COEFF. I FUCACIFY COEFF. 2 
VT. NO. TEMP. K PRESS. ATM X1 CALC FXP PCT CEV CALC EXP PCT CEV 

5C8 310.94 13.61 C.894 0.987 C.99C 0.254 0.871 0.741 -17.564 
509 310.94 20.41 0.920 C.979 C.979 C.020 0.820 0.675 -21.420 
510 31C.94 27.22 0.932 C.971 C.965 -C.653 0.745 C.620 -20.166 
511 31C.94 40.83 0.943 0.959 C.944 -1.553 0.569 C.509 -11.822 
512 31C.94 54.44 0.946 C.947 0.926 -2.278 0.454 C.412 -10.176 
514 31C.94 85.C6 0.946 C.917 0.89C -2.984 0.335 C.258 -29.726 
515 310.94 102.21 0.941 0.903 C.873 -3.487 0.272 C.196 -38.774 
516 31C.94 119.08 0.933 0.895 0.880 -1.688 0.216 C.152 -41.865 
517 31C.94 136.09 0.920 0.89C 0.841 -5.819 0.164 0.114 -43.837 
518 310.94 153.11 0.897 0.891 C.831 -7.253 0.114 C.082 -38.483 
519 31C.94 167.05 0.822 C.951 0.879 -8.189 0.055 C.046 -19.520 
522 344.27 20.41 C.819 0.991 C.998 C.691 0.82C C.711 -15.398 
523 344.27 27.22 0.849 0.987 C.99C C.300 0.762 C.645 -18.203 
524 344.27 40.83 0.879 0.981 C.979 -0.255 0.617 0.550 -12.120 
526 344.27 68.C5 0.894 0.967 C.957 -1.031 0.491 C.388 -26.611 
52? 344.27 85.C6 0.893 0.961 0.943 -1.933 0.409 C.310 -32.094 
528 344.27 102.21 0.887 0.956 0.939 -1.847 0.349 C.231 -51.042 
53C 344.27 136.09 0.856 0.968 C.931 -3.991 0.221 C.148 -49.497 
531 344.27 153.1C 0.814 1.004 C.959 -4.694 0.150 0.105 -42.764 
532 344.27 159.C9 0.766 1.064 1.012 -5.123 0.110 0.081 -35.671 
534 377.60 20.41 0.614 1.029 1.03E 0.876 0.781 0.706 -10.622 
535 377.6C 27.22 0.685 1.C29 1.030 0.143 0.722 C.649 -11.267 
536 377.60 4C.83 0.757 1.014 1.C18 C.405 0.617 C.564 -9.486 
537 377.61 54.44 0.788 1.C22 1.009 -1.250 0.547 C.493 -10.868 
538 377.6C 68.05 0.798 1.014 1.012 -0.204 0.510 C.421 -21.192 
539 377.6C 85.06 C.801 1.017 1.019 0.203 0.435 C.347 -25.386 
541 377.60 119.C8 0.758 1.066 1.047 -1.830 0.291 0.216 -34.645 
542 377.6C 136.09 0.742 1.091 1.054 -3.466 0.235 0.184 -27.813 
543 377.60 141.61 0.675 1.197 1.154 -3.688 0.176 C.142 -24.129 
544 415.94 13.61 0.058 1.301 1.038 -25.291 0.806 C.785 -2.714 
546 415.94 27.22 0.429 1.116 1.131 1.306 0.705 C.650 -8.501 
547 415.94 40.83 0.602 1.074 1.038 -3.435 0.628 C.624 -0.588 
548 415.94 54.44 0.614 1.105 1.120 1.329 0.553 0.483 -14.502 
550 415.94 85.C6 0.642 1.141 1.143 0.167 0.425 C.340 -25.043 
552 415.94 109.55 C.510 1.434 1.439 0.332 0.269 0.199 -35.236 
553 444.27 27.22 0.094 1.534 1.469 -4.759 0.682 C.657 -3.799 
554 444.27 40.83 0.279 1.726 1.241 -39.084 0.685 0.547 -25.241 
555 444.27 54.44 0.356 1.416 1.257 -12.643 0.503 C.458 -9.911 
556 444.27 68.C5 0.337 1.676 1.504 -11.460 0.402 0.374 -7.446 
557 444.27 69.75 0.295 1.917 1.725 -11.120 0.367 C.328 -12.025 
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TABLE ONE FUGACITY COEFFICIENTS 

SYSTEM METHANE - BUTANE (SATURATED) 

FUGACITY COEFF. 1 FUGACITY COEFF. 2 
PT. NO. TEMP. K PRESS. ATM XI CALC EXP PCT CEV CALC EXP PCT DEV 

559 294.27 13.61 0.809 0.988 C.99C 0.202 0.855 G.673 -27.100 
561 254.27 34.02 0.898 C.962 C.954 -C.863 0.619 C.441 -40.294 

. 563 294.27 40.83 0.907 0.948 C.944 -0.421 0.563 C.392 -43.514 
565 294.27 68.C5 0.920 C.918 C.895 -2.552 0.401 0.256 -56.754 
568 294.27 95.26 0.909 C.890 C.852 -4.463 0.266 C.169 -57.477 
579 310.94 20.41 0.783 0.985 0.991 0.590 0.795 C.581 -36.832 
582 310.94 40.23 0.862 0.964 C.963 -0.094 0.591 C.389 -51.970 
584 31C.94 68.C5 0.881 C.945 C.924 -2.266 0.441 C.262 -68.359 
587 31C.94 95.26 0.865 0.93C C.899 -3.494 0.300 C.174 -72.668 
591 310.94 119.C8 0.835 0.934 0.88C -6.154 0.211 C.124 -70.524 
598 327.60 20.41 C.678 1.0O3 C.995 -C.834 0.789 C.624 -26.431 
599 327.6C 27.22 0.739 C.998 C.988 -1.011 0.727 0.545 -33.357 
602 327.6C 54.44 0.819 C.982 C.962 -2.045 0.510 C.336 -51.846 
605 327.6C 85.C6 0.827 0.967 0.934 -3.586 0.381 0.215 -77.187 
607 327.6C 102.21 0.815 0.969 C.925 -4.765 0.309 0.172 -79.491 
6C9 327.6C 115.6E 0.786 C.986 C.929 -6.181 0.249 C.135 -84.752 
612 327.6C 125.89 0.729 1.044 C.9CC -16.000 0.186 C.100 -86.C38 
613 327.6C 127.65 0.622 1.215 1.135 -7.016 0.131 C.071 -84.367 
614 344.27 10.21 0.172 1.112 1.004 -10.710 0.835 0.809 -3.197 
620 344.27 54.44 0.745 1.012 0.982 -3.056 0.526 C.361 -45.753 
622 344.27 81.67 0.759 1.009 C.977 -3.316 0.409 0.237 -72.38C 
624 344.27 95.26 0.753 1.015 C.974 -4.586 0.347 0.195 -78.149 
628 344.27 119.CE 0.683 1.097 1.027 -6.842 0.234 0.119 -96.661 
630 344.27 123.16 0.616 1.203 1.127 -6.700 0.191 C.095 101.508 
631 36C.94 13.61 0.111 1.20C 1.010 -18.768 0.808 0.780 -3.577 
637 36C.94 68.C5 0.672 1.06C 1.007 -5.289 0.479 0.319 -50.046 
640 36C.94 95.26 0.610 1.173 1.121 -4.678 0.309 C.182 -69.722 
644 360.94 115.54 0.550 1.282 1.212 -6.297 0.233 C.128 -82.334 
657 377.6C 103.43 0.472 1.385 1.331 -4.072 0.283 0.193 -46.516 
658 394.27 27.22 0.142 1.304 1.038 -25.657 0.711 C.697 -2.037 
659 394.27 34.02 C.265 1.239 1.071 -15.682 0.660 0.621 -6.203 
664 394.27 81.67 0.410 1.417 1.39C -1.918 0.375 C.287 -30.664 
666 394.27 86.01 0.360 1.592 1.593 0.046 0.336 C.255 -31.650 



TABLE ONE FUGACITY COEFFICIENTS 

SYSTEM METHANE - BUTANE (SUPERFEATEC) 

FUGACITY COEFF. 1 FUGACITY COEFF. 2 
PT. NO. TEMP. Y PRESS. ATM X1 CALC EXP PCT DEV CALC EXP PCT OEV 

670 294.27 27.22 0.894 0.969 0.964 -0.503 0.711 0.497 -42.967 
675 294.27 40.83 0.912 0.948 C.934 -1.457 0.567 0.395 -43.433 
678 294.27 85.06 0.912 0.899 C.865 -3.958 0.309 0.208 -48.734 
682 294.27 204.14 0.912 C.796 C.739 -7.670 0.094 0.062 -51.872 
686 294.27 34.C2 0.970 0.954 0.941 -1.434 0.698 0.519 -34.486 
689 294.27 68.65 0.970 0.909 0.887 -2.478 0.459 0.295 -55.548 
691 294.27 102.07 0.970 0.87C 0.838 -3.808 0.320 0.180 -77.998 
693 294.27 170.11 0.970 0.806 C.765 -5.301 0.167 0.083 101.347 
694 294.27 204.14 0.970 0.783 0.739 -5.951 0.135 C.063 114.300 
697 31C.94 27.22 0.845 0.981 C.980 -0.053 0.728 0.505 -44.183 
704 31C.94 68.05 0.894 0.941 C.920 -2.336 0.455 C.278 -63.692 
707 31C.94 136.09 0.894 0.893 C.84I -6.176 0.228 C.130 -75.029 
709 31C.94 204.14 0.894 0.85C C.786 -8.C81 0.134 0.080 -67.572 
713 310.94 34.02 0.912 0.966 0.953 -1.401 0.705 0.526 -34.047 
716 31C.94 68.05 0.912 0.936 C.909 -2.942 0.472 0.312 -51.256 
719 31C.94 136.C9 0.912 0.884 0.834 -6.C34 0.244 C.142 -71.931 
721 31C.94 204.14 0.912 0.841 C.782 -7.507 0.147 C.084 -74.428 
726 310.94 40.83 0.970 0.956 C.942 -1.523 0.684 0.488 -40.219 
729 310.94 85.06 0.970 0.91C C.886 -2.762 0.452 0.255 -77.315 
732 31C.94 170.11 0.970 0.841 C.805 -4.505 0.235 0.103 127.773 
733 31C.94 204.14 0.970 0.821 0.784 -4.736 0.196 C.081 141.534 
737 327.60 34.02 0.845 C.981 0.971 -1.002 0.702 C.516 -36.050 
740 327.60 68.05 0.845 C.968 C.944 -2.540 0.482 0.311 -55.109 
743 327.60 136.09 0.845 0.94C 0.885 -6.254 0.254 0.152 -67.245 
745 327.6C 204.14 0.845 C.910 C.840 -8.309 0.157 0.098 -59.992 
750 327.60 40.83 0.894 0.969 C.958 -1.155 0.673 C.493 -36.510 
753 327.60 85.C6 0.894 0.942 C.915 -2.937 0.447 0.282 -58.490 
757 327.60 204.14 0.894 0.882 0.825 -6.945 0.194 0.115 -68.910 
761 327.6C 34.C2 0.912 0.972 C.962 -1.C32 0.752 C.566 -32.931 
764 327.6C 68.C5 0.912 0.948 C.926 -2.361 0.543 0.355 -53.015 
769 327.60 204.14 0.912 0.873 0.821 -6.321 0.209 C.115 -81.388 
775 327.60 54.44 0.970 0.955 0.939 -1.701 0.637 0.418 -52.498 
778 327.6C 102.07 0.970 0.917 C.892 -2.800 0.465 C.235 -97.836 
781 327.60 204.14 0.970 0.853 0.823 -3.679 0.261 C.104 150.797 
786 344.27 40.83 0.845 0.981 0.968 -1.334 0.689 0.499 -38.135 
788 344.27 68.05 0.845 0.972 0.948 -2.582 0.548 C.351 -56.041 
791 344.27 136.C9 0.845 0.952 0.907 -5.016 0.325 0.185 -75.428 
793 344.27 204.14 0.845 0.932 0.875 -6.474 0.216 0.120 -80.123 
798 344.27 40.83 0.894 0.974 0.964 -1.089 0.724 0.515 -40.548 
801 344.27 85.C6 0.894 0.953 0.928 -2.740 0.513 0.315 -62.729 
804 344.27 170.11 0.894 0.915 C.873 -4.759 0.296 C.169 -75.292 
805 344.27 204.14 0.894 0.902 C.858 -5.083 0.255 0.142 -79.412 
809 344.27 34.02 0.912 0.978 0.969 -0.880 0.789 0.580 -36.003 
812 344.27 68.05 0.912 0.96C 0.939 -2.231 0.602 C.387 -55.468 
815 344.27 136.09 0.912 0.925 C.888 -4.160 0.387 C.218 -77.558 
817 344.27 204.14 0.912 0.893 0.853 -4.745 0.272 C.147 -84.821 
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TABLE ONE FUGACITY CI7EFFICIENTS 

SYSTEM METHANE - BUTANE ISUPERFICATEC1 

FUGACITY CeEFF. 1 FUGACITY COEFF. 2 
PT. he. TEMP. K PRESS. ATM X1 CALC EXP PCT DEV CALC EXP PCT DEV 

822 344.27 40.83 0.970 0.973 C.962 -1.168 0.764 C.532 -43.555 
825 344.27 85.06 0.970 0.946 C.925 -2.217 0.581 C.322 -8C.309 
828 344.27 170.11 0.970 0.897 C.871 -2.980 0.374 C.163 129.185 
833 36C.94 34.02 0.845 0.985 0.976 -0.949 0.789 C.592 -33.333 
836 36C.94 68.05 0.845 0.979 C.955 -2.473 0.6C5 C.400 -51.211 
839 360.94 136.09 0.845 0.962 C.923 -4.246 0.391 C.230 -69.867 
841 36C.94 204.14 0.845 0.945 C.9C2 -4.712 0.277 0.158 -75.234 
846 36C.94 40.83 0.894 0.98C 0.970 -1.C17 0.764 C.554 -37.868 
849 36C.94 85.C6 0.894 0.964 C.941 -2.469 0.572 C.359 -59.267 
851 36C.94 136.09 0.894 0.945 C.913 -3.458 0.434 C.253 -71.452 
853 360.94 204.14 0.894 0.92C 0.886 -3.841 0.318 0.180 -76.568 
860 360.94 68.05 0.912 0.97C 0.950 -2.071 0.654 0.422 -54.947 
863 36C.94 136.09 0.912 0.941 C.908 -3.614 0.451 0.258 -74.951 
865 36C.94 204.14 0.912 0.916 0.881 -3.917 0.335 C.184 -82.217 
869 36C.94 34.C2 0.970 0.982 0.974 -0.815 0.841 C.609 -38.162 
873 36C.94 85.C6 0.970 0.959 C.939 -2.170 0.634 C.355 -78.459 
877 36C.94 204.14 0.970 0.911 C.885 -2.896 0.388 C.168 131.248 
886 377.60 102.07 0.845 0.978 C.948 -3.204 0.537 C.346 -55.21C 
889 377.60 204.14 0.845 0.955 0.925 -3.216 0.338 0.198 -70.718 
895 377.6C 54.44 0.894 0.982 C.986 0.407 0.727 C.515 -41.107 
899 377.6C 136.09 0.894 0.958 C.929 -3.148 0.496 C.300 -65.22C 
901 377.60 204.14 0.894 0.939 0.91C -3.219 0.381 0.224 -70.164 
907 377.6C 54.44 0.912 0.981 C.967 -1.465 0.736 0.514 -43.167 
913 377.6C 204.14 0.912 0.936 C.905 -3.459 0.195 C.223 -77.344 
921 377.6C 85.C6 0.970 0.971 0.950 -2.255 0.684 C.394 -73.578 
925 377.6C 204.14 0.970 0.932 0.9C9 -2.507 0.440 0.206 113.830 
932 394.27 68.05 0.845 0.991 C.969 -2.262 0.70C C.493 -41.892 
937 394.27 204.14 0.845 0.968 0.936 -3.402 0.399 C.244 -63.667 
943 394.27 54.44 0.894 0.988 C.973 -1.518 0.760 C.551 -37.916 
946 394.27 102.07 0.894 0.979 C.954 -2.626 0.625 0.399 -56.634 
949 394.27 204.14 0.894 0.958 0.930 -2.969 0.438 0.267 -64.060 
955 394.27 54.44 0.912 0.988 0.973 -1.530 0.767 0.547 -40.205 
959 394.27 136.09 0.912 0.969 C.941 -2.967 0.562 0.344 -63.380 
961 394.27 204.14 0.912 0.955 0.926 -3.101 0.450 C.265 -69.728 
966 394.27 40.83 0.970 0.88C 0.98C 1C.213 0.750 0.611 -22.674 
970 394.27 102.07 0.970 0.971 C.955 -1.689 0.681 C.388 -75.488 
973 394.27 204.14 0.970 0.947 0.930 -1.782 0.484 0.246 -96.646 
978 310.94 20.43 0.784 C.985 0.991 0.601 0.795 0.583 -36.404 
986 327.60 34.C2 0.784 0.994 0.980 -1.436 0.658 0.488 -34.908 
990 344.27 25.8C 0.608 1.021 1.002 -1.892 0.736 C.593 -24.105 
997 344.27 34.C2 0.707 1.01C C.99C -2.064 0.675 0.517 -30.616 
1005 344.27 85.06 0.764 0.997 C.964 -3.458 0.416 0.246 -68.949 
1008 344.27 170.11 0.784 0.986 C.936 -5.345 0.204 0.114 -79.308 
1016 360.94 34.02 0.608 1.034 1.006 -2.787 0.685 0.550 -24.555 
1023 360.94 68.05 0.707 1.037 C.99C -4.713 0.501 C.333 -50.600 
1028 360.94 204.14 0.707 1.C57 C.967 -9.299 0.185 0.107 -73.067 

6
8

 



TABLE ENE FUGACITY CEEFFICIENTS 

SYSTEM METHANE - BUTANE (SUPERPFATEC) 

FUGACITY MEE. 1 FUGACITY COEFF. 2 
[ ' PT. AO. TEMP. K PRESS. ATV XI CALC EXP PCT CEV CALC EXP POT DEV 

1040 36C.94 204.14 0.784 0.989 0.928 -6.614 0.231 C.133 -73.887 
1041 377.6C 25.30 0.287 1.162 1.039 -11.876 0.721 C.656 -9.856 
1044 377.6C 40.15 0.475 1.112 1.068 -4.149 0.610 0.517 -18.C37 
1053 377.6C 102.C7 0.608 1.148 1.095 -4.846 0.362 0.249 -45.314 
1055 377.6C 204.14 0.608 1.171 1.053 -11.234 0.194 0.142 -36.925 
1062 377.60 204.14 0.707 1.066 C.966 -10.397 0.242 0.155 -56.217 
1069 377.60 204.14 0.784 0.997 C.941 -5.954 0.294 C.172 -70.706 
1C71 394.27 27.22 0.287 1.14C 1.032 -10.504 0.740 0.668 -10.838 
WEF 86 
UhLeAC 88 
REMARK EA() OF RCN 

END EF FILE 
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TABLE TWO PROPERTIES OF MIXTURES 

PT IC. K PC. ATP. X1 TR PR Z IF/PIM H PSI 1 PSI 2 

1 278.65 66.82 0.204 1.236 1.457 0.717 0.781 2.584 0.268 -0.069 
5 278.43 66.77 C.204 1.236 2.995 0.632 0.628 4.671 0.537 -0.138 
6 254.35 60.99 C.406 1.354 3.279 0.741 0.708 3.900 0.322 -0.220 
8 206.32 49.46 C.847 1.669 4.043 0.876 0.842 2.569 0.049 -0.273 
9 278.43 66.77 C.204 1.236 4.493 0.680 0.529 5.918 0.731 -0.187 

11 231.92 55.61 0.6C5 1.484 5.395 0.864 0.726 4.019 0.229 -0.351 
13 278.43 66.77 C.204 1.236 5.991 0.804 0.484 6.349 0.837 -0.214 
14 254.35 60.99 C.406 1.354 6.558 0.887 0.598 5.325 0.505 -0.345 
15 231.92 55.61 C.605 1.484 7.193 0.962 0.705 4.333 0.267 -0.409 
17 278.43 66.77 C.204 1.236 7.489 0.935 0.472 6.447 0.996 -0.230 
18 254.35 60.99 0.406 1.354 8.198 1.007 0.589 5.444 0.550 -0.376 
25 278.65 66.82 C.204 1.493 1.497 0.886 0.894 1.445 0.130 -0.033 
29 278.43 66.77 C.204 1.494 2.995 0.830 0.813 2.709 0.260 -0.C67 
31 231.92 55.61 C.605 1.793 3.597 0.913 0.897 1.941 0.085 -0.131 
32 206.32 49.46 C.847 2.016 4.043 0.954 0.935 1.751 0.030 -0.164 
33 278.43 66.77 C.204 1.494 4.493 0.831 0.753 3.673 0.374 -0.C96 
35 2C6.32 49.46 C.847 2.016 6.C65 0.996 0.923 2.262 0.042 -0.235 
36 278.43 66.77 C.204 1.494 5.991 0.891 0.718 4.175 0.455 -0.116 
37 254.35 60.99 C.4C6 1.635 6.558 0.956 0.784 3.426 0.774 -0.187 
39 2C6.32 49.46 C.847 2.016 8.C87 1.C74 0.930 2.514 0.053 -0.294 
40 278.43 66.77 C.204 1.494 7.489 0.981 0.711 4.318 0.503 -0.129 
48 278.65 66.82 C.204 1.116 1.497 0.534 0.679 3.773 0.430 -0.110 
51 2C6.32 49.46 0.847 1.507 2.C22 0.855 0.866 1.844 0.036 -0.197 
52 278.43 66.77 C.204 1.117 2.995 0.50C 0.495 6.137 0.794 -0.203 
53 254.35 60.99 C.4C6 1.222 3.279 0.62C 0.591 5.093 0.465 -0.318 
55 206.32 49.46 0.847 1.507 4.043 0.819 0.772 3.391 0.072 -0.398 
56 278.43 66.77 0.204 1.117 4.493 0.622 0.393 7.256 1.013 -0.260 
57 254.35 60.99 0.406 1.222 4.919 0.707 0.502 6.150 0.606 -0.414 
59 2C6.32 49.46 C.847 1.507 6.C65 0.900 0.726 4.051 0.095 -0.525 
60 278.43 66.77 C.204 1.117 5.991 0.772 0.354 7.550 1.112 -0.285 
61 254.35 60.99 0.406 1.222 6.558 0.850 0.465 6.488 0.682 -0.466 
63 2C6.32 49.46 C.847 1.507 8.C87 1.020 0.717 4.242 0.109 -0.6C2 
64 278.43 66.77 C.204 1.117 7.489 0.921 0.344 7.580 1.169 -0.300 
65 254.35 60.99 C.406 1.222 8.198 0.995 0.454 6.572 0.731 -0.500 
79 243.46 47.86 C.556 1.209 2.843 0.601 0.617 4.673 0.400 -0.501 
82 243.46 47.86 C.556 1.209 3.909 0.617 0.524 5.862 0.504 -0.631 
85 243.46 47.86 0.556 1.2C9 4.976 0.7C6 0.487 6.231 0.539 -0.675 
95 222.26 47.25 0.738 1.324 3.6C0 0.714 0.662 4.415 0.226 -0.637 
98 222.26 47.25 0.738 1.324 4.680 0.751 0.613 5.050 0.760 -0.733 

1C7 203.89 46.49 C.893 1.443 2.928 C.807 0.791 2.902 0.061 -0.508 
110 203.89 46.49 C.893 1.443 4.025 0.787 0.730 3.847 0.081 -0.678 
113 203.89 46.49 C.893 1.443 5.123 0.838 0.703 4.218 0.090 -0.751 
119 270.44 48.27 C.319 1.150 2.114 0.493 0.615 4.536 0.554 -0.260 
121 270.44 48.27 C.319 1.150 2.819 0.529 0.551 5.318 0.652 -0.3C5 
124 270.44 48.27 0.319 1.150 3.876 0.582 0.456 6.491 0.798 -0.374 
127 270.44 48.27 C.319 1.150 4.933 0.678 0.418 6.843 0.842 -0.395 

O 



TABLE TKO PROPERTIES OF MIXTURES 

PT TC, K PC. ATM. X1 TR PR 7 IF/P)M H PSI 1 PSI 2 

135 243.46 47.86 C.556 1.277 2.843 0.680 0.679 4.026 0.326 -0.4C8 
138 243 46 47.86 C.556 1.277 3.9C9 0.672 0.594 5.175 0.421 -0.527 
141 243.4- 47.86 C.556 1.277 4.976 0.743 0.557 5.574 0.456 -0.571 
149 222.26 47.25 C.738 1.399 2.880 0.785 0.770 3.125 0.151 -0.425 
152 222.26 47.25 C.738 1.399 3.960 0.765 0.703 4.141 0.201 -0.566 
155 222.26 47.25 C.738 1.399 5.040 0.816 0.673 4.532 0.222 -0.625 
164 203.89 46.43 C.893 1.525 3.293 0.838 0.814 2.740 0.054 -0.455 
167 203.E9 46.49 C.893 1.525 4.391 0.839 , 0.772 3.399 0.068 -0.569 
169 203.89 46.49 C.893 1.525 5.123 0.867 0.755 3.642 0.074 -0.614 
181 270.44 48.27 C.319 1.211 4.229 0.641 0.512 6.009 0.101 -0.328 
193 243.46 47.86 C.556 1.346 3.554 0.731 0.683 4.197 0.324 -0.405 
196 243.46 47.86 C.556 1.346 4.620 0.761 0.634 4.851 0.376 -0.471 
206 222.26 47.25 C.738 1.474 3.240 0.816 0.791 2.981 0.137 -0.385 
2C9 222.26 47.25 C.738 1.474 4.320 0.815 0.744 3.716 0.172 -0.483 
211 222.26 47.25 C.738 1.474 5.040 0.846 0.727 3.958 0.184 -0.518 
223 203.85 46.49 C.893 1.607 4.391 0.868 0.809 2.952 0.056 -0.469 
225 203.89 46.49 0.893 1.607 5.123 0.892 0.792 3.189 0.061 -0.510 
236 270.44 48.27 C.319 1.273 3.876 0.669 0.593 5.189 0.575 -0.270 
239 270.44 48.27 C.319 1.273 4.933 C.738 0.554 5.609 0.623 -0.292 
248 243.46 47.86 C.556 1.414 3.9C9 0.773 0.716 3.984 0.293 -0.367 
251 243.46 47.86 C.556 1.414 4.265 0.785 0.704 4.157 0.306 -0.383 
253 243.46 47.86 C.556 1.414 4.976 0.819 0.686 4.398 0.325 -0.407 
261 222.26 47.25 C.738 1.549 2.880 0.855 0.841 2.339 0.102 -0.287 
264 222.26 47.25 C.738 1.549 3.960 0.834 0.794 3.110 0.136 -0.384 
267 222.26 47.25 C.738 1.549 5.040 0.872 0.768 3.482 0.154 -0.433 
279 203.89 46.49 C.893 1.688 4.391 0.892 0.844 2.587 0.047 -0.391 
281 203.8S 46.49 C.893 1.688 5.123 0.913 0.832 2.819 0.051 -0.430 
295 270.44 48.27 C.319 1.335 4.933 0.773 0.615 5.053 0.536 -0.251 
306 243.46 47.86 C.556 1.483 3.909 0.807 0.762 3.473 0.243 -0.305 
309 245.77 47.91 C.536 1.469 4.971 0.841 0.725 3.979 0.293 -0.338 
320 222.26 47.25 C.738 1.624 3.960 0.862 0.826 2.726 0.114 -0.321 
323 222.26 47.25 C.738 1.624 5.040 0.894 0.802 3.086 0.130 -0.367 
332 203.89 46.49 C.893 1.770 3.293 0.912 0.899 1.858 0.032 -0.266 
335 203.89 46.49 C.893 1.770 4.391 0.913 0.875 2.319 0.040 -0.335 
337 203.89 46.49 C.893 1.77C 5.123 0.932 0.865 2.542 0.044 -0.370 
346 270.44 48.27 C.319 1.396 3.171 0.777 0.750 3.428 0.346 -0.162 
349 270.44 48.27 C.319 1.396 4.229 0.773 0.692 4.289 0.434 -0.203 
351 270.44 48.27 C.319 1.396 4.933 0.809 0.673 4.528 0.459 -0.215 
361 243.46 47.86 0.556 1.551 3.554 0.843 0.813 2.814 0.188 -0.236 
364 243.46 47.86 C.556 1.551 4.620 0.857 0.779 3.335 0.224 -0.281 
371 222.26 47.25 C.738 1.699 2.160 0.913 0.916 1.442 0.057 -0.161 
374 222.26 47.25 C.738 1.699 3.240 0.896 0.880 2.015 0.080 -0.226 
378 222.26 47.25 0.738 1.699 4.320 0.893 0.850 2.520 0.101 -0.285 
380 222.26 47.25 C.738 1.699 5.040 0.914 0.838 2.747 0.111 -0.312 
3S2 203.89 46.49 C.893 1.852 4.391 0.931 0.900 2.117 0.035 -0.293 
394 203.89 46.49 C.893 1.852 5.123 0.949 0.892 2.326 0.039 -0.325 
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TABLE TINO PROPERTIES OF MIXTURES 

PT PC. K PC, ATP. X1 TR PR I IF/PIM M PSI 1 PSI 2 

4C3 27C.44 48.27 0.319 1.456 3.171 0.609 0.785 3.034 0.294 -0.137 
4C6 270.44 48.27 C.319 1.458 4.229 0.804 0.735 3.816 0.370 -0.173 
4C8 270.44 48.27 C.319 1.458 4.933 0.835 0.718 4.053 0.393 -0.184 
417 243.4E 47.86 C.556 1.619 3.199 0.e73 0.854 2.277 0.146 -0.183 
420 243.46 47.86 0.556 1.619 4.265 0.868 0.817 2.858 0.184 -0.230 
422 243.46 47.86 C.556 1.619 4.976 C.891 0.801 3.088 0.199 -0.249 
429 222.26 47.25 C.738 1.774 2.520 0.924 0.922 1.476 0.056 -0.159 
432 222.26 47.25 C.738 1.774 3.600 0.909 0.892 1.997 0.076 -0.215 
435 222.26 47.25 C.738 1.774 4.68C 0.921 0.872 2.396 0.392 -0.260 
447 203.89 46.49 C.893 1.934 4.C25 0.94C 0.923 1.866 0.030 -0.247 
450 203.89 46.49 C.893 1.934 5.123 0.964 0.914 2.159 0.035 -0.290 
452 342.91 57.35 C.286 0.907 C.237 0.672 0.908 0.128 -0.177 0.071 
453 336.24 59.59 C.235 0.925 0.285 0.854 0.894 0.942 -0.224 0.069 
454 331.69 61.15 C.202 0.937 0.334 0.836 0.878 0.979 -0.272 0.069 
455 328.73 62.34 0.178 0.946 0.382 0.817 0.863 1.112 -0.321 0.069 
456 326.38 63.27 C.160 0.953 0.430 0.795 0.846 1.254 -0.3/2 0.071 
457 324.46 64.08 C.145 0.958 0.478 0.774 0.831 1.397 -0.425 0.072 
458 322.98 64.76 C.133 0.963 C.525 0.751 0.815 1.554 -0.482 0.074 
460 319.45 66.82 C.100 0.973 0.713 0.639 0.754 2.393 -0.790 0.088 
461 318.6C 67.52 C.090 0.976 0.8C6 0.555 0.721 3.064 -1.036 0.1C2 
462 316.71 68.47 0.075 0.982 0.894 0.445 0.690 3.960 -1.383 0.112 
463 313.8C 69.59 C.056 0.991 0.978 C.211 0.661 6.308 -2.232 0.132 
464 312.98 69.89 C.051 0.993 1.022 0.195 0.645 6.781 -2.392 0.129 
465 314.45 69.36 C.060 0.989 1.074 0.209 0.612 7.388 -2.489 0.159 
466 312.81 69.94 C.050 0.994 1.C28 0.204 0.644 6.749 -2.381 0.125 
467 313.45 69.71 C.054 0.992 1.C67 0.216 0.622 7.143 -2.451 0.140 
469 395.69 43.39 C.723 0.870 0.274 0.615 0.857 0.848 -0.067 0.175 
472 365.52 50.74 C.464 0.942 0.4C2 0.803 0.852 1.201 -0.184 0.159 
474 353.50 54.27 C.365 0.974 0.5C2 0.776 0.832 1.399 -0.263 0.151 
476 346.6C 56.70 C.306 0.993 0.600 0.749 0.810 1.646 -0.343 0.151 
478 340.59 59.67 C.246 1.010 0.798 0.662 0.758 2.406 -0.556 0.181 
480 339.2S 61.20 C.220 1.015 1.001 0.466 0.694 3.973 -0.966 0.273 
481 338.78 61.39 C.216 1.016 1.108 0.328 0.656 5.931 -1.382 0.381 
482 338.92 60.98 C.222 1.016 1.227 0.274 0.607 6.687 -1.511 0.431 
484 346.21 57.84 C.287 0.994 1.393 0.237 0.508 8.125 -1.530 0.616 
485 338.7C 61.38 C.216 1.016 1.131 0.319 0.646 6.055 -1.407 0.388 
487 409.79 40.50 0.850 0.921 0.504 0.711 0.791 1.743 -0.060 0.339 
489 392.57 44.39 C.687 0.962 0.613 0.694 0.780 1.958 -0.146 0.320 
491 382.51 47.17 C.589 0.987 C.721 0.665 0.163 2.283 -0.227 0.325 
452 375.87 49.43 C.520 1.005 0.826 0.622 0.743 2.648 -0.314 0.340 
493 372.01 51.04 C.476 1.015 0.933 0.548 0.718 3.255 -0.426 0.387 
495 367.45 52.66 C.432 1.028 1.163 0.387 0.655 5.254 -0.720 0.548 
496 366.32 52.50 C.432 1.031 1.296 0.337 0.618 5.978 -0.308 0.614 
497 367.26 51.80 C.448 1.028 1.379 0.294 0.585 6.726 -0.461 0.699 
499 423.48 37.85 C.981 0.982 0.809 0.576 0.726 2.980 -0.010 0.538 
5C0 418.34 39.06 C.923 0.994 0.871 0.533 0.716 3.230 -0.047 0.563 
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TABLE T14g PROPERTIES OF FIXTURES 

PT TC. K PC. ATM. XI TR PR 2 IF/NM H PSI 1 PSI 2 

501 414.17 40.10 C.876 1.004 0.933 0.476 0.704 3.749 -0.088 0.622 
503 408.11 41.68 C.809 1.019 1.061 0.426 0.678 4.880 -0.170 0.719 
504 406.22 42.13 C.790 1.024 1.130 0.385 0.660 5.346 -0.205 0.772 
505 406.38 41.98 C.795 1.024 1.216 0.320 0.627 6.047 -0.226 0.876 
506 407.87 41.55 C.812 1.02C 1.242 0.291 0.610 6.510 -0.219 0.948 
507 405.92 42.17 C.788 1.025 1.168 0.360 0.647 5.583 -0.217 0.807 
508 227.09 45.42 C.894 1.369 0.300 0.969 0.974 0.225 0.013 -0.112 
509 218.81 45.66 C.920 1.421 0.447 0.958 0.965 0.315 0.014 -0.161 
510 215.93 45.97 0.932 1.44C 0.592 0.945 0.954 0.456 0.018 -0.247 
511 216.44 46.94 C.943 1.437 0.870 0.925 0.931 0.783 0.030 -0.492 
512 213.55 46.56 C.946 1.456 1.169 0.900 0.910 1.154 0.04C -0.696 
514 209.5S 45.69 C.946 1.484 1.862 0.857 0.868 1.814 0.054 -0.953 
515 211.28 45.67 C.941 1.472 2.238 0.835 0.842 2.165 0.071 -1.130 
516 213.98 45.63 C.933 1.453 2.6C9 0.818 0.813 2.575 0.095 -1.328 
517 218.34 45.57 C.920 1.424 2.987 0.796 0.777 3.075 0.135 -1.556 
518 226.CC 45.43 C.897 1.376 3.370 0.758 0.721 3.775 0.212 -1.848 
519 250.43 44.80 C.822 1.242 3.729 0.642 0.573 5.351 0.507 -2.343 
522 252.4C 44.95 C.819 1.364 0.454 0.949 0.958 0.377 0.034 -0.155 
523 245.13 45.68 C.849 1.404 0.596 0.940 0.949 0.501 0.039 -0.219 
524 242.94 47.45 C.879 1.417 C.861 0.921 0.928 0.812 0.056 -0.409 
526 227.68 45.54 C.894 1.512 1.494 0.893 0.900 1.349 0.072 -0.605 
527 227.33 45.40 C.893 1.514 1.874 0.869 0.877 1.723 0.091 -0.762 
528 229.31 45.36 C.887 1.501 2.253 0.849 0.853 2.041 0.114 -0.894 
530 239.46 45.11 C.856 1.438 3.017 0.802 0.783 3.026 0.213 -1.264 
531 252.99 44.72 C.814 1.361 3.424 0.745 0.705 3.956 0.354 -1.548 
532 268.13 44.20 C.766 1.284 3.599 0.680 0.625 4.798 0.631 -1.739 
534 315.76 42.49 C.614 1.196 C.480 0.909 0.925 0.632 0.106 -0.169 
535 299.12 44.12 C.685 1.262 0.617 0.903 0.920 0.794 0.111 -0.242 
536 288.15 46.90 C.757 1.31C 0.871 0.884 0.899 1.035 0.120 -0.375 
537 269.91 45.92 C.788 1.399 1.185 0.878 0.895 1.337 0.133 -0.493 
538 258.76 44.67 C.798 1.459 1.523 0.871 0.883 1.547 0.139 -0.548 
539 257.12 44.59 C.801 1.469 1.908 0.845 0.859 1.923 0.169 -0.680 
541 270.62 44.11 C.758 1.395 2.7C0 0.785 0.779 3.000 0.314 -0.985 
542 275.57 43.92 C.742 1.370 3.099 0.758 0.734 3.571 0.396 -1.138 
543 295.91 43.07 C.675 1.276 3.288 0.675 0.642 4.557 0.622 -1.293 
544 456.88 34.12 C.058 0.91C 0.399 0.774 0.829 1.411 ' 0.450 -0.028 
546 373.4C 40.41 C.429 1.114 0.674 0.824 0.859 1.240 0.262 -0.197 
547 336.85 44.66 0.602 1.235 0.914 0.836 0.867 1.361 0.214 -0.323 
548 321.27 43.23 C.614 1.295 1.259 0.815 0.846 1.777 0.267 -0.425 
550 305.7C 42.63 C.642 1.361 1.995 0.769 0.801 2.564 0.353 -0.634 
552 343.4C 40.74 C.510 1.211 2.689 0.600 0.632 4.562 0.820 -0.853 
553 451.71 34.87 0.094 0.984 0.781 0.606 0.736 2.777 0.737 -0.077 
554 415.32 38.34 C.279 1.07C 1.C65 0.618 0.887 3.000 0.666 -0.258 
555 387.23 38.72 C.356 1.147 1.4C6 0.626 0.727 3.074 0.666 -0.368 
556 389.51 38.17 C.337 1.141 1.783 0.501 0.650 4.251 0.947 -0.481 
557 400.15 37.55 C.295 1.110 1.858 0.431 0.598 5.009 1.165 -0.487 
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TABLE T60 PROPERTIES OF PIXTLRES 

PT IC. K PC. ATP. X1 TR PR 7 IF/P1M H PSI 1 PSI 2 

559 242.64 45.57 0.809 1.213 0.299 0.949 0.961 0.311 0.028 -0.117 
561 222.93 46.69 C.898 1.32C C.729 0.904 0.920 0.875 0.045 -0.397 
563 222.58 47.15 C.907 1.322 0.866 0.889 0.903 0.981 0.049 -0.473 
565 213.5C 45.99 C.920 1.378 1.480 0.836 0.859 1.753 0.066 -0.761 
568 216.02 45.88 C.909 1.362 2.076 C.770 0.797 2.600 0.110 -1.C97 
579 25C.02 45.55 C.783 1.244 0.448 0.927 0.940 0.489 0.047 -0.168 
582 236.86 47.42 0.862 1.313 0.861 0.886 0.901 0.996 0.067 -0.421 
584 224.11 45.94 C.881 1.387 1.481 0.841 0.863 1.721 0.091 -0.671 
587 227.8C 45.78 C.865 1.365 2.C81 0.772 0.799 2.592 0.153 -0.978 
591 235.73 45.67 C.835 1.319 2.607 0.725 0.731 3.432 0.245 -1.241 
598 276.86 44.86 C.678 1.183 0.455 0.910 0.929 0.586 0.077 -0.163 
599 263.94 45.73 C.739 1.241 0.595 0.901 0.919 0.759 0.083 -0.234 
602 246.35 46.82 C.819 1.33C 1.163 0.848 0.872 1.486 0.118 -0.536 
605 237.84 45.64 C.827 1.377 1.864 0.797 0.823 2.265 0.161 -0.771 
607 240.98 45.58 C.815 1.359 2.242 0.764 0.784 2.791 0.712 -0.932 
609 248.51 45.43 C.786 1.318 2.546 0.725 0.735 3.379 0.294 -1.081 
612 263.C9 45.08 C.729 1.245 2.793 0.642 0.654 4.295 0.467 -1.257 
613 289.65 44.23 C.622 1.131 2.886 0.509 0.523 5.696 0.842 -1.386 
614 390.7C 39.44 C.172 0.881 0.259 0.837 0.877 0.790 0.737 -0.049 
620 266.22 46.44 C.745 1.293 1.172 0.828 0.857 1.616 0.167 -0.487 
622 255.46 45.28 C.759 1.348 1.8C4 0.780 0.812 2.337 0.218 -0.687 
624 256.98 45.24 C.753 1.34C 2.106 C.750 0.781 2.788 0.266 -0.810 
628 274.63 44.74 C.683 1.254 2.662 0.652 0.672 4.079 0.490 -1.055 
630 291.1C 44.17 C.616 1.183 2.788 0.570 0.594 4.932 0.706 -1.132 
631 403.22 38.75 0.111 0.895 C.351 0.792 0.844 1.185 0.351 -0.044 
637 277.92 44.74 C.672 1.299 1.521 0.779 0.817 2.181 0.261 -0.534 
640 292.56 44.12 C.610 1.234 2.159 0.624 0.697 3.724 0.521 -0.814 
644 3C6.94 43.56 C.550 1.176 2.653 0.557 0.597 4.870 0.769 -0.940 
657 325.17 42.77 C.472 1.161 2.418 0.525 0.599 4.798 0.839 -0.750 
658 399.31 39.34 C.142 0.987 0.692 0.688 0.775 2.083 0.520 -0.086 
659 378.7C 41.33 C.265 1.041 0.823 0.700 0.779 2.158 0.463 -0.167 
664 339.29 42.11 C.410 1.162 1.939 0.520 0.647 4.195 0.784 -0.545 
666 350.45 41.57 0.360 1.125 2.C69 0.447 0.588 4.993 0.996 -0.560 
670 221.66 46.19 C.894 1.328 0.589 0.925 0.938 0.646 0.033 -0.277 
675 220.96 47.11 0.912 1.332 0.867 0.892 0.906 0.964 0.045 -0.469 
678 215.21 45.88 C.912 1.367 1.854 0.790 0.819 2.296 0.094 -0.973 
682 215.21 45.88 C.912 1.367 4.449 0.765 0.659 4.604 0.188 -1.946 
686 200.64 46.16 C.970 1.467 0.737 0.941 0.946 0.604 0.009 -0.3C4 
689 199.59 45.92 C.970 1.474 1.482 0.880 0.891 1.431 0.021 -0.663 
691 199.37 45.87 C.970 1.476 2.225 0.837 0.844 2.130 0.030 -0.969 
693 199.37 45.87 0.970 1.476 3.7C8 0.808 0.768 3.350 0.047 -1.526 
694 199.37 45.87 C.970 1.476 4.450 0.822 0.743 3.741 0.053 -1.705 
697 235.34 46.15 0.845 1.321 0.590 0.924 0.936 0.662 0.046 -0.251 
7C4 220.6C 45.97 C.894 1.41C 1.480 0.853 0.872 1.638 0.077 -0.650 
707 220.05 45.85 C.894 1.413 2.968 0.791 0.772 3.125 0.145 -L.222 
709 220.05 45.85 C.894 1.413 4.452 0.793 0.699 4.227 0.196 -1.651 
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TABLE Ti3O PROPERTIES OF PIxTuRES 

PT TC, K PC, ATP. XI TR PR 2 IF/P1M H PSI 1 PSI 2 

713 218.68 46.62 0.912 1.422 0.730 0.932 0.940 0.657 0.028 -0.287 
716 215.7C 45.99 C.912 1.442 1.480 0.867 0.881 1.536 0.060 -0.624 
719 215.21 45.88 C.912 1.445 2.966 0.807 0.790 2.931 0.113 -1.174 
721 215.21 45.88 C.912 1.445 4.449 0.807 0.721 3.982 0.154 -1.593 
726 201.54 46.37 C.970 1.543 0.881 0.948 0.947 0.636 0.010 -0.325 
729 199.37 45.87 C.970 1.56C 1.854 0.687 0.892 1.577 0.121 -0.679 
732 199.37 45.87 C.970 1.56C 3.708 0.843 0.810 2.874 0.038 -1.239 
733 199.3' 45.87 C.970 1.56C 4.450 0.854 0.787 3.226 0.043 -1.391 
737 238.72 46.81 C.845 1.372 0.727 0.919 0.931 0.752 0.052 -0.283 
740 233.74 45.83 C.845 1.4C2 1.485 0.850 0.669 1.672 0.108 -0.589 
743 233.1C 45.71 C.845 1.4C5 2.977 C.787 0.768 3.183 0.203 -1.105 
745 233.10 45.71 C.845 1.405 4.466 0.790 0.693 4.294 0.773 -1.486 
750 226.77 47.25 0.894 1.445 C.864 0.928 0.932 0.767 0.039 -0.326 
753 220.06 45.85 C.894 1.489 1.855 0.860 0.870 1.792 0.079 -0.666 
757 220.05 45.85 C.894 1.489 4.452 0.827 0.752 3.650 0.160 -1.353 
761 218.68 46.62 C.912 1.498 0.730 0.948 0.950 0.561 0.023 -0.234 
764 215.7C 45.99 C.912 1.519 1.480 0.896 0.903 1.316 0.049 -0.508 
769 215.21 45.88 C.912 1.522 4.449 0.84C 0.770 3.438 0.126 -1.305 
775 201.01 46.25 C.970 1.630 1.177 0.942 0.943 0.836 0.012 -0.392 
778 199.37 45.87 C.970 1.643 2.225 0.897 0.898 1.612 0.020 -0.659 
781 199.37 45.87 C.970 1.643 4.450 0.891 0.823 2.808 0.036 -1.150 
786 242.1C 47.47 C.845 1.422 0.860 0.922 0.929 0.803 0.055 -0.298 
788 233.74 45.83 C.845 1.473 1.485 0.879 0.890 1.449 0.089 -0.485 
791 233.1C 45.71 C.845 1.477 2.977 0.823 0.606 2.753 0.167 -0.910 
793 233.10 45.71 0.845 1.477 4.466 0.823 0.743 3.749 0.226 -1.235 
798 226.77 47.25 C.894 1.518 0.864 0.945 0.944 0.656 0.032 -0.266 
801 220.06 45.85 C.894 1.564 1.855 0.888 0.893 1.568 0.066 -0.555 
8C4 220.05 45.85 C.894 1.564 3.710 0.845 0.812 2.854 0.119 -1.CC8 
8C5 220.05 45.85 C.894 1.564 4.452 0.856 0.789 3.204 0.134 -1.130 
8C9 218.68 46.62 C.912 1.574 0.730 C.96C 0.959 0.493 0.019 -0.196 
812 215.70 45.99 C.912 1.596 1.480 0.920 0.921 1.161 0.041 -0.426 
815 215.21 45.88 C.912 1.60C 2.966 0.872 0.857 2.196 0.077 -0.794 
817 215.21 45.88 C.912 1.600 4.449 0.868 0.805 3.005 0.105 -1.086 
822 201.54 46.37 C.970 1.708 0.881 C.970 0.966 0.504 0.007 -0.235 
825 199.37 45.87 0.970 1.727 1.854 0.931 0.932 1.216 0.015 -0.473 
828 199.37 45.87 C.970 1.727 3.708 0.896 0.874 2.182 0.026 -0.850 
833 238.72 46.81 C.845 1.512 0.727 0.950 0.952 0.549 0.034 -0.187 
836 233.74 45.83 0.845 1.544 1.485 0.904 0.908 1.274 0.075 -0.407 
839 233.1C 45.71 0.845 1.548 2.977 0.852 0.837 2.416 0.140 -0.762 
841 233.10 45.71 C.845 1.548 4.466 0.850 0.781 3.301 0.190 -1.037 
846 226.77 47.25 C.894 1.592 0.864 0.957 0.954 0.575 0.026 -0.223 
849 220.06 45.85 0.894 1.640 1.855 0.911 0.912 1.385 0.055 -0.467 
851 220.05 45.85 0.894 1.640 2.968 0.884 0.870 2.065 0.082 -0.696 
853 220.05 45.85 C.894 1.640 4.452 0.880 0.822 2.825 0.113 -0.950 
860 215.7C 45.99 C.912 1.673 1.480 0.936 0.937 1.026 0.035 -0.359 
863 215.21 45.88 0.912 1.677 2.966 0.894 0.882 1.942 0.065 -0.670 
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TABLE 160 PROPERTIES OF FIXTURES 

PT IC, K PC. ATP. X1 TR PR Z IF/P)M H PSI 1 PSI 2 

865 215.21 45.88 0.912 .677 4.449 0.890 0.838 2.658 0.088 -0.916 
869 200.64 46.16 0.970 .799 0.737 0.982 0.977 0.360 0.005 -0.150 
873 199.37 45.87 C.970 .81C 1.854 0.946 0.948 1.084 0.012 -0.403 
877 199.37 45.87 0.970 .810 4.450 0.924 0.888 2.223 0.026 -0.826 
886 233.10 45.71 0.845 .62C 2.233 0.891 0.892 1.680 0.093 -0.507 
889 233.1C 45.71 C.845 .620 4.466 0.874 0.813 2.922 0.161 -0.877 
895 224.74 46.83 C.894 .680 1.163 0.951 0.951 0.755 0.032 -0.269 
899 220.05 45.85 C.894 .716 2.968 0.904 0.894 1.830 0.070 -0.589 
901 220.05 45.85 C.894 .716 4.452 0.901 0.854 2.508 0.096 -0.806 
907 219.3C 46.75 C.912 .722 1.164 0.557 0.957 0.712 0.025 -0.262 
913 215.21 45.88 C.912 .755 4.449 0.510 0.868 2.386 0.076 -0.786 
921 199.37 45.87 C.970 .894 1.854 0.958 0.961 0.959 0.011 -0.340 
925 199.37 45.87 C.970 .894 4.450 0.942 0.911 2.044 0.022 -0.727 
932 233.74 45.83 C.845 .687 1.485 0.539 0.939 1.009 0.054 -0.294 
937 233.1C 45.71 C.845 .691 4.466 0.895 0.844 2.602 0.137 -0.748 
943 224.74 46.83 C.894 .754 1.163 0.960 0.961 0.686 0.028 -0.234 
946 220.05 45.85 C.894 .792 2.226 0.931 0.934 1.301 0.048 -0.401 
949 220.05 45.85 C.894 .792 4.452 0.920 0.881 2.272 0.083 -0.699 
955 219.3C 46.75 C.912 •.798 1.164 0.966 0.966 0.653 0.022 -0.231 
959 215.21 45.88 C.912 .832 2.966 0.930 0.924 1.573 0.048 -0.497 
961 215.21 45.88 C.912 .832 4.449 0.928 0.894 2.176 0.066 -0.686 
966 201.54 46.37 C.970 .956 0.881 0.588 0.876 0.375 0.005 -0.156 
970 199.37 45.87 C.970 .978 2.225 0.962 0.961 1.013 0.011 -0.344 
973 199.37 45.87 C.970 .978 4.450 0.558 0.928 1.912 0.020 -0.451 
978 249.76 45.56 C.784 .245 0.448 0.927 0.941 0.488 0.046 -0.168 
986 256.24 46.74 C.784 .279 0.728 0.690 0.909 0.948 0.089 -0.323 
990 296.45 44.61 C.608 .161 0.578 0.876 0.898 0.847 0.128 -0.199 
997 277.36 46.38 C.707 .241 0.734 0.874 0.898 1.001 0.118 -0.285 

1005 249.03 45.42 C.784 .382 1.873 0.800 0.826 2.254 0.189 -0.686 
1008 249.03 45.42 C.784 .382 3.745 0.756 0.702 4.089 0.34C -1.234 
1016 3C2.94 45.59 C.608 .191 0.746 0.850 0.880 1.111 0.161 -0.250 
1023 269.23 45.02 0.707 .341 1.512 0.808 0.838 1.978 0.213 -0.513 
1028 268.63 44.92 C.707 .344 4.545 0.755 0.634 4.860 0.510 -1.231 
1040 249.03 45.42 C.784 .449 4.494 0.811 0.723 3.973 0.314 -1.140 
1041 369.36 41.08 0.287 .022 0.616 0.775 0.827 1.481 0.341 -0.137 
1044 337.75 44.55 C.475 .118 C.901 0.756 0.812 1.808 0.315 -0.285 
1053 293.04 44.10 C.608 .289 2.314 0.698 0.730 3.386 0.453 -0.7C2 
1055 293.04 44.10 C.608 .289 4.629 0.725 0.579 5.390 0.704 -1.092 
1062 268.63 44.92 C.707 .406 4.545 0.794 0.691 4.329 0.434 -1.048 
1069 249.03 - 45.42 C.784 .516 4.494 0.840 0.766 3.495 0.264 -0.958 
1071 370.4C 41.20 C.287 .064 0.661 0.794 0.838 1.406 0.308 -0.124 
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