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ABSTRACT

A method is presented for calculation of fugscity 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 COp; 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, thie 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 comparigson of this method with Pitzer's for the same set of

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



but does requive 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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Obiect

Accurate fugacity values are of importance when dealing with
chemical reactions and equilibrium systems. A reliable method for
predicting fugacities for components in solutiom, 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 calcula-
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 mixztures, but can be extended to multicomponent

systems,

Definitions
Fugscity is an arbitrarily defined thermodynamic function rela~

ted to the free energy. For a pure substance:
(46) = (RTd 1lun £) (1)
T T
For & solution, the fugacity of a component is related to the
partial molal free energy and chemical potential by:

(d6) = (dM) = (BT d 1n £,) 2)
T “i:r Vg



Fugacity can be considered as a measure of the escaping tendency
from a phase. At equilibrium, the escaping tendency or chemical
potentisl must be equal in sll 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 sclution, As the pressure approaches zero, the fugacity of a pure

component becomes equivalent te the pressure,

An ifdeal gas is one whoee P-V-T relationships are exactly de=~

fined by the ideal gas law., For 1 mole of gas, the relationship is:
W = RT 3)

An ideal solution i3 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.(II) Thus,
£, =N £, ° 4)

This is8 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 aclutions are less general modifications of the Lewis end
Randall rule, Thus for an ideal gas mixture in contact with an ideal

31)

liguid solution:

£3= yg £° =¥; P = pg =wyP° G)



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

pressure,

Various combination of ideality in coexisting phases are
poasible, 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-{deal gases to form

ideal zolutions,

The activity of a substance ls arbitrarily defined as the ratie
of the fugacity of the component in auny state to the fugacity in the

standard state,
(ai)T = (£4/£%)p (6)

The standard state for fugacity is arbitrarily chesen for con~
venience, Two standard states are in general use for games. Both
states are based on the pure component at the temperature of the
system, One is based on one atmosphere pressure end 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:

¥y = ay/N; = £ /€4° Ny 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 non~ideal behavior of the
liquid phase, The actual value of this factor depends on the
standard state selected for fugaéity 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 = (f}'?)l' (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,
O3 = (£,/%,P)g 9

GCeneralized tables of fugacity coefficients have been developed.
(24, 26) The fugacity coefficient is related to the activity coeffis

cient by the following:
£
B = Zi,( 3 ) = ¥181° (10}

Where 9;° is the fugacity coefficient in the standard state,
The fugacity coefficient is alsc a measure of the deviatien from

ideal behavior,

Another important law 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, dise
play the same compressibility factor.(aa) This can be expressed

mathematically as:
Z = £(P,Tg) €8 )

It has been shown recently that two parvameters are not adequate
to describe a reduced condition and that a third is required. The

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

acentric factor, w.

Lewis and Randall. If a gas mixture forms am ideal solution
or is at a sufficiently low pressure such that ideasl solution behavior
may be assumed, the Lewis and Randall rxule may be used. This defines
the fugacity coefficient in solution as the product of the mole
fraction of the component and its pure component fugscity at the

(23)

same temperature and pressure.
£, 0= y£° a2

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 ia less than 0.6.<30)

Partial residusl molal volume. At constant temperature the

fugacity of a component in solution may be given by:

@ In £)gp = (V,dP) ' (13)
rr T



where 5:1 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

£i% = Ny ¥
will give,
P“?
Infg = 1 & VidP 14)
K e RT P+

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

in a solution if P-V«T data 18 available.

The evaluation of the fugacity is facilitated by introduction

of the residual molal volume, o< .

X = ¢k -V = BT~ V (15)
P

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

and composition to give:

d¢ - ( QY - ( v
0 ny ) P,T,nj dng ) B, T,ny on P,T,ny
oxr By =Vy# - ¥ (16)
where the bar denotes partial molal quantities.

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



volume of the nmixture and
Wy o= v = RI/P (17)

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

becones 1

&y “i‘iiu?i
4
or ?} - §z,*vo<i (18)
P

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

P _ | P
51’*\714? = RTla P - Swo( ; aP (19)

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

n £5 = = ‘1'"5 o 14P (20)
Ny P RT 7 pw :

i is evaluated by plotting residual molal volumes against
composition for varying pressures. By extrapolating the tangent to
the curve at & given composition to zero mole fraction, the interw
cept is the partial residual molal vnlumg,éz i + Residual molal

volumes are obtained from the compressibility factors of the gas

mixture by

ol = (1L ~2) RI/P 1)



The integral in equation (20) is evaluated by plotting :;2 i
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 mathod.(17) As evident from
the preceding discussion, this method of calculation of the fugacity
caeffi;iant is invelved, tedious, and time consuming. The method re~
ﬁuiras experimental P-V«T data on the system which may not be readily

avajilable.

Gamson and Watson., Various authors have proposed methods of
calculating the fugacity coefficient in gaseous mixtures based on
generalized correlations, GCGamson and Watson developed an equation
based on the Corvesponding States Theorem and Kay'u rule pseudo-

critical prcpertiess(a)

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

Joffe'é definition of pseudo~critical prapetties.clS)

Joffe., A similar method was proposed by Joffe using Kay's rule
and the Corresponding States Thaery.(lﬁ) The equation for the rela-
tionship is:

g () (M) () O 0



This work was originally developed for use with the then existing

two parameter generalized correlations,

Benedict, Webb, Rubin snd Friend. Other authors have estabe-

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 wolal
average bolling point was gelected 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.(z)

The charts were replotted by DePriester with two parameters.

The number was significantly reduced and the accuracy imprnved.(a)

Edmister and Ruby. Edmister and Ruby developed a four parameter
relationship based on the original work of Benedic¢t et al. The para~
meéters were reduced temperature, pressure, bolling point, and an
intermediate temperature~composition scale. For vapors, two charts
of By a8 & function of Tg and (¢ , one being for methane only, and
one of (£;/yP) versue Py and ¢ , were developed. The results are
applicable for colefin and paraffin systems and ave said to agree

within 3-4% of the original data»(s)

Redlich, et al. Relich has also developed a method hased on a

modified equation of state, givem by:

P = _RT =~ 0,52 , €23)
-5y V)T
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Charts were developed from this equation to be used in conjunction
with generalized thermodynamic charts in estimating fugacity coeffi-

eiﬁnts,czg)

Birzer Merhod., Pitzer has defined a parameter which he designates

as the "acentric factor®,
w = ~log Pg ~ 1,0 (24)

where Pp is the reduced saturation prassure 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, Zp, used in the Lydersen, Greenkorn and
Hougen, Generalized Thermodynamic Property T&blesa(zk) These tables
were published by Hougen, Watson and Ragatz in their therodynamics |
text, The acentric factor measures the deviation of the intermolecus
lar potential function of a substance from that of & simple spherical
molecule, The Z¢ and w functions are related byz(13)

i =, ) (25)
1.28v + 3.41

Using this third parsmeter, Pitzer has developed series of generalized
Thermodynamic Property ?ablas.(26) These tables ave limited to normal
fluids as definged by Hildebrand.{g) Normel fluids are defined in

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

the acentric factor:

2/3
Jovo = 1.86 + 1.18w (26)
Te
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where Go = hypothetical surface tension at O°K,
dynes/cm
Vo = hypothetical molal volume at O°K,
ce./g -~ mole
Compounds that deviate less than 5% from the definition are
"gormal fluids', Io general substances that are polar, form hydro-
gen bonds or asscciate in some way, are non~''mormal”. Methane and
the heavier rare gases are 'mormal fluids", while acetic acid,
ammonia, hydrogen cyanide, methanol and water manifest appreciable
deviations from equation (26). The quantum fluide, Hy and He, sre
not covered by these correlations, PLlizer states that a group of
gaseous substances with the same acentric factor will conform to the

corvesponding 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:
x = x4 x® @n

where the x(°) and xﬁi) 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 impartant,CZﬁ) In some binary systems the pseudow-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,
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and equimolal mixtures as followsy
Tey = ¥1 Toy + x2Te2 + 2x1x2( 2WcMix-Tel-Te2) €28)

Poy = x1Pcp + %pFcp + 2x9%5 (2Poygy . ~P o1 vPeg) 29

wy = xijw] + xgwg + 2x1x (2w Wy -w32) (30)
where the subscriptsas

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 Pitzer for components 1 and 2 respectively, (27)

log 5}“ = log(ﬁ ) + x2¥Y {31)
x1p Py
log £2 = log(g) - x1Y (32)

The term Y was defined as:

RYc’® M 2,303 7 }

+ (Zy-1) [&& = Poy +2(1-2x7) (Pewyy - Poy- zrgg_)_]

2,303 » oM

- 103(%)(1) ( wg ~ w1 ) (33)



i3

Equations (27) through (33) were the basie for the work of
(25)

Mazzai.

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 holds:

1n(ﬁ) = 1n f +n(m (34)

x}- aln nl) ?,?’nz’,ns’céi
The second term on the right of the equation was designated Y and

defined by:

= -1 [Ee-B]31c - 5 xRTc’]-[z-Y[3pe’- ']«
Yoo g 5 sl Sogs] o

The partial derivative terms are given for component 1 bys
e

N > wy 2200 (2) L seay

25} iml d %y x i Z": XyX 8584
@1 =1
s x 0 by’
- A= -‘w (36)
. 3

[agg;..i- xg JPc' “(3) ?;‘_r *48184

? %y i3 %y .
2‘”1 i=1 xi o i;g Fi—l AiX3ai$j




i4

3
-{ 1+0¢) (ogi) 151 % (b; .+ bi)’

y 3
= _’gl ‘{ixj(bi -i-bj)

+[1 + ZE}L \ (37)
¢ /Fc:’

:g; Bgloy

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 Y value for every component in each phase,

Using an equation of the form of (34) for the liquid and vapor
phases, and equating f1¢ to f;y at equilibrium, the final working

equation was developed:

In (K1) jdea1 = In §%-+ (Y -Yie) (38)

Equation {38) can be solved for the ideal K value by determining
£, (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 lLeland and Mueller modifica-

22
tion of Joffe's definitions as feilmﬂ:‘ )

1/
Te'! = i% » E ‘ X?;wxj&&aj (3§)
i ﬁ {bi + b )3

=1 jer % i

Te! i xi(Zc)i
Pe’ = i
& 3
& % | xin (bi 4+ bj)

(40)
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+1
where ay = [Zc’}?:‘ ] % 1)
Pc i
and by =1 [ Z¢Te } 13 2)
2 L% I

X =10+ e[ 10/ B -1 2] “3)
E%gFoy
The pseudocritical compressibility was tsken as the Kay's rule

value?
Ze' = x1Boy h Xghog Foaa. XKplog (44)

The authors also suggest using a veference substance whose
tharmodynamic properties are known er may be calculated from an
equation of state, to determine the £, (Hé-H) /Tc', and Z terms.
Tha propervties would be evaluated at an equivalent temparature and

pressure defined as;
Tog(TR')Tca
o= (') RS°

where T,% and 2.° are the criticals of the reference substance. A
reference substance is chosen so it has as much molecular similarity
as possible with the mixture, Iwo 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 altarnate procedure

was to use the molecular length/width ratio as a shape factor and
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chose a substance with a ratio similar to the molal average of the
mizture, The authors state that this method will give insaccurate
results for extremely disgimilar molecules, and is not directly
applicable to polar molecules although the results may be usable

approximations,

If equation (34) is rewritten with \f' replacing the second
term, then for paseous mixtures:

nf =1Inf +Y s)
- M€

Raising sach term to the base e:

(5) /o =o' @

o
Dividing the numerator and denominator of the left side by the

pressure and taking the logarithm of theequation, gives:

in ”g,_) = 1n (g_,} +lf/ %7)
xP/ 1 P/M 16

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, Y . the Y term is
given by equation (35). The mixture fugacity coefficient is deter-
mined from a generalized table along with the mixture compressibility

factor and enthalpy departure teym.




SAMPLE CALCULA

Given: Point number 60
T 310,9% 9K
P 400.00 atm.
Xy 0,204
P, exp. 1,417

ﬂz exp. 0.252

component 1 CH&

component 2 CO,

Critical Properties 1 2
Tc 191.06 304.2
Pe 45,80 72,9
Ze 0,289 G,275

Scep (1) Calculation of alpha.
o = 1.0 + exp [-aa( P - 1)2 “3)
Peyxy + ?azxg
= 1.0 + axp[«lﬁ 400,00 o 4,.o>2]
~204xh5.80 + ,796%72.9

« = 1,000

/2
a; ,, [Z,c;‘x‘c ‘L 41)




a = (2289 209 1,06}2'0) Y2 45177
45.80
an =

2= (22155 ;ga&,gz?‘o) 1/2- 18,684
72.9

by = L(Zc'.i‘e) 1/3 “%2)
2 Pc i

b v 1(2.289 519106 ) U3 o5.5322
2 (%580

by = 1 (0,275 x 304.2 )”3 = 0.5235
3

72:9

Zet = xydey + xmpleg (44)

Ze* = 0,204 x 0.289 + 0.796 x 0,275 = 0.278

18

Te! = [ (x1a1 + xpaz)? ] (39)

xiz{zbl)g + 2xyxp(by + 52)3 + ng(ﬂbg)r‘

= [(.204 x 15.177 + 796 x 18.684)% | 1
(.204)222—15.5322)34-23.204&.?96(1,0557)"'?(.796)‘(2x.5235}3j
Te' = 278.44 °K

Step (53) Calculation of pseudocritical pressure.

Pc' w[ @e') (e . } (40)

1.0
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= 278,46 x 0,278

{(same denominator as Tcl)

Pc' = 66.753 atm,

[)_‘;‘_g_i“ zc:xiéﬁc'],z 2Tc! [x;alz +x28182
%y il Jxy 158 {xy81+ xoap*

. 13 Fpm; + b

- , , (36)
x1£(2h1)3 + 23&313&2@1 %2)m21{2b2)§ ]

1Y 72

= 2%c' , 20
1.0 [, 204

- .204x(2x.5322)% + ,796(, 5322 + ,223513]

{same denovminator as Tc')

= 2(0;8%69 - l;01983) TQ‘

=  «0,35028 Tc'

texm for component 1.

[ag_g:_ - Z“lx m».*] - g(xy__agzmzamz
d%, 1= X\ (x1a1+x2a2)?

* = {1400 (x;(Zbl)S"'xa(b}*bz)a) + (1‘*‘;.9.1.) Pe! (37)
%y (2b1) 2%y, (by +by) y2 (2b,)3 Ze

- [g (£irst verm of equation (36)-(1+1.0)%second term of
1.0

equation (36)) + (1 +0,289) | Pe'
0.278
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=2  (0.84469 ~ (2) 1.01983) + 2.03957
1.0

= = 0,35037 Pc’

Step (8) Calculation of reduced temperature and pressure.

Tp =T = 310,94 = 1,1167
Te'  278.44

Pp= B =400,00 = 5.9922
Po'  66.753

Step (3) Table look for generalized funct .
Bagis: Ty = 1.1167
Pp = 5.9922

Z'c¢e = 0,278

Ef-B = 7.55 g=cal Zw 772
Te gemole-"K

By = 0.353

Step (10) Evaluation of psi (1).

el - o el ] (35)

Yi=-21_ [MJ[QE&M i_xi‘a‘?&] ! Qﬁ){)xl i=1 9%

RT | Te'ldxy i=1 T)x; Pet

= w],55%(~,35028)x278,.43 + (1-0.772) x (~.35037Pc')
1.987 x 310,94 Pct

Y1 =1.19179 - 0.07988 = 1.1119

(note: R=1.987 cal/g. mole - °K)
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Step (11) Calculation of § ;.

log 67 = log Oy + 1; 47)
2,303

log ¥ = log 0.3534 +'%&§%§g

By = 1.0741

#y exp. = 1.417

% DEV 1= 1.417-1,0741 x 100 % = 2.3 %
1,417

[3 Te! ~Zc2{13'£ﬂ’} ”‘[X -4 2 +xlalaz
o || e LL 2,

d x2 1=t O%g (x181 + x2a2)

- x2(2b)3 + %3 (b + by)3 ] 27¢' (36)
X3 (Zbl) + 22;132@1‘%2)5‘92&22(2}32)3 o<

1.0

Same as for comp, 1

Same as for comp. 1 }

= 2(1,03989 - .99482)Tc' = 0,09014 Te'
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[b Pelw Z‘i‘xg)gg ']m 2 (:E.trst: term of aquation (36) above
%y fm 9¥y | [¥

- {1.+&)* second term of equation (36) abave)

+ (1 + EE.&)] P! Gn
Zc?

=[2 _ (1.03989 - (1 + 1.0) x .99482) + (1+.275)(Pc’
1.0 278
= 0,0897 Pc'

B 14 aluation o 2},

V2= ~3.[m][azs.. - 55%

L [emf 319_1 o (Le2) .%.&g'-ixiaxac*](ss)
AL Xz i“l Xi

Pe' [ Jxg =1 9%y
RT, &;ijig, and Z are the same values as used for comp. 1 previously.
V2 = « 7,552,00014x278.43 + (L-.772) = (.0897 Pc')
1.987 x 310.94 Pc'!
Y2 = - 0.28624

gp {1 leulation of s

log @7 = log By + . ;‘;23 47

= log 0.3534 ~ 0,28624
2.303

0, = 0.26544




% DEV 2 = 0,252 = 0.26544 x 100 % = = 5.15 %
0.252

MNote: The critical properties used in this example for COy are

slightly different from those used for the computer calculation,
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The fugacity coefficient caleulation of this problem was proe
grammed for solution on sn IBM 7094 computer in "FPORTRAN" I1 machine
language. The pertinent seciions of the tables given in Hougen et
al,‘lé) for real gas enthalpy departure terms, fugacity coefficients,
and compressibillities, 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 eystem, the critical temperature, pressureé, and
compressibllity wera given for each component. Data for the epitical
properties were obtalned from API Project 44‘1> for the hydrocarbons
and miscellaneous sources for carbon dioxide., Table 2 liste these

values,

The input information for eamch point was also punched on cards,
2 points per card, For each point, the following information was
supplied:
1. system temperature
2. 4gystem pressure
3, mele fraction of component 1
4, experimental fugacity coefficient for component 1

5. experimental fugacity coefiicient for component 2

The total informatiop supplied was therefore composed of sections
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of the generalized tables, the pure component critical properties,

and the temperature, presgure 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, mwmethane - athane 69 points
3. butana -~ 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 congists of four sectiona. The main program and
three subroutines. Subroutine Table gives inatructions for the
table search and interpolation, while OUTPT 1 and QUTIPT 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 = 0.27. For other values of Zc, a correction factor is
given. The correction Dy or Dy 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 Py = 1.2 was used,
When the reduced temperature was betwesm the saturation temperature

and the first entry in the table, the correction for the first value
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was used. Linear interpolstion was used between the various table
entries. Because the saturation temperature increases with increase
in the reduced pressure, the first reduced temperature in each

colusm was not generally the same between Py = 0.2 and 1.0, In

order to interpolate betwesen any two adjacent columms 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
zeduced temperature in any two adjacent columms used for interpolatiom,
was the same. At reduced pressures greater than 1,0, the saturated

region disappears and no extrapcolation is required,

A test is made in the program to insure that the reduced propers
ties of a point £sll within the range of the table sections used.

All the points selected did,

The actual calculstion procedure is exactly anslogous 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 egtimate of the time required for a hand calculation of ene 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 COp systems. In those

mixtures COy is component 2.



DISCUSSION

General
The work of Mazzei used all the available data for the aix

binary systemx‘(zs) 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-
ditiong 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 previocusly. For the system methane~carbon dioxide,
the experimental data was determined by the method of H. C, Van
Eﬁﬂd,<3&> uging the Redlich and Kwong equation of state. The sources

of the experimental walues are given as follows:

System Reference
methane~CO, 3,32
methane-athane 17

n~batane~€92 20
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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', {£/p), and Z, 1In
this work, the tables given in Hougen, Watson, and Ragatz, were em-
playad.{lé) 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 Py = 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.(lz} The question of whather the correction
terms are significant, or can be neglected, depends to a great axtent

on what area of reduced conditions is under consideration.

The correction terms tend to become insignificant as the reduced
temperature is increased and approach zero at a Tp near 2.0. The
corrections also becoms negligible as the reduced pressure approaches

zZexo,

There would be some improvement in the use of this methoed, if
smooth equations were used for estimating the functions, instead of
tablea., Also, an elaboration of the region beyond PR = 1.2 for com=
pounds with a Zc ¥ 0,27 would be desirable. Hirsghfaelder, Bushler,
McGee, and Sutton have developed a generalized, reduced suation of

state which incorporates the Zc param&ter.clg)
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Statistical finitions
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:

% DEV = ( Qgﬁge;gc.:alc. ) x  100% (48)

For each system the aversge deviation for each component was

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

a.d., = 2 1% DEV,) (49)

No. peints

An additional short computer program was developed to calculate
2 modified standard deviation defined by:

% s.d. (Zﬁo pointa) Z%(mmm ) ¥ (50

No. points

This differs from the usual statistical definition of standard

deviation which is given by:

No. points

- (E&E&*@amzz) 5 (1)

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
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distribution curve the standard deviation has a special meaning,
In this cese 1t can be shown that 687 of the points will £all
within the area bounded by ¥ 1.0 s.d. from the mean, and 95% will

be within ¥ 2.0 s.4.

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

fined as:
% bias = 2 (% DEV) (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 walues are generally
lower than the experimental values and vice versa, This gives an
indication of whether the method of calculation is systematically

bisssed in one direction or another from the sexperimental 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 tsbulated 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, CO,, gave good

agreement in the two systems studied. The results for €Oy were
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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 COz, 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 | 1 8Xp \Vl approaches 1.0 and:

(£/py)y = (£/p)y

(53)

or f£i = yfy
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 Y 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, fuga-~
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 ox methane-pentane system. A

normal paraffin with a length/width ratio close to the molal average
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of the mixture would be selected as the reference substance.

System methane ~ CO2 (superheated). This mixture appears to

give moderately good results for both components. The correlation
geems to represent this system well, as the percentage deviation
terms seem symuetrically 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 * 18.42% and F 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 comcenmtration; i.e., mole

fraction less than sbout 0,2,

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 gemerally 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
oceurred when the mole fraction was relatively low, The aversge
deviation for methane and ethane respectively were 8,50% and 12.9%.

In this mixture, methane behaves more ideally than ethane,

As in the methane ~ CO2

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

about 0% DEV, 95% of the calculated Q03 fugacities will fall within
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i 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 corvelation therefore gives results which are generally lower
than the experimental 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 €Oz 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
genaeralize on the affect of concentration. At below about thirty
atmospheres, the deviations are greatly reduced. Increasing tem-

perature negates to some extent the effect ¢f the higher pressures,

System methsne-n~pentane (saturated), The results for methene

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

ooecur,

For n-pentane, the bilas and average deviation were exactly the
same, « 22.4%., All the % DEV terms werse negative., The rasults are
then strongly biassed, the calculated fugacity coefficients being

consistently higher than the experimental values, High deviations
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are evident through most of the composition range although not too
meny points were avsilable in the range of nebutane mole fraction

of 0.5 ~ 1.0,

As in the methanesn-

pentane system, the bias and 2.4, for methane are very close. The |
bias 1s negative and the a.d., for methane f= 5,46%. The calculated
values are therefore generally & little higher than the experimental
data. Most of the high % Jdeviations occur at low mole fractions of

methane,

Por nebutene, the correlation is poor, the results are worse
than for the n<butane - 0Oy saturated system. As with nepentane
previously, the bias and the a.d. are exsctly equal, and all the %
DEV terma are consistently negative. The calceulated values are theres
fore always higher than the experimental ones., Most of the pointe
were in the range of 0.6 to 0,92 n<butane mole fraction. The sub~

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

This system had more

data points gvailable than any of the others and should give a good
check on the method of calculation for this mixture. A range of Ty
of 1.00 ~ 2.00 and for Pg 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
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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 cale
culated appeay well distributed over the composition range studied,
Because the methane-nsbutane saturated system had 1/3 as many points
as the superheated systew, it way be that the indicated difference

in accuracy is not correct.

& n with othe thods

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 af a component in two
different mixtures., Most methods show varying agreement with experw
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 regilon in which the system is situated,

Mazzel hss compared the Piizer 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,
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It appeared to be better than the method of Edmister and Ruby for
the saturated methane-n~butane aystcm.(zg) The calculated fugacity
coefficients for this method are compared with those of Pitzer,

for the same points, in Tsble 1., It can be seen that the results
are generally poorer than for the Pitzer methed, The only instance
where better performance was obtained is for methane in the nethanes
a~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 betteyx results for the saturated methane-nw
butane system than for the superheated, but this may only be a
question of point selsction. Intereetingly, 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 asre comparative is very difficult, if not impossible,

over a range of temperature, pressure and composition,




CONCLUSTONS

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 cosffi~
cients for the larger molecule are of very limited utility. An
example of this type of behavior is the methsne-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 nom~hydro-
carbon studied gave predicted fugacity coefficients in good sgree~

ment with those calculated from experimental data,

Thie 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 mixztures, while the method tested in this work
requires no experimental data on mixtures, For the mn&hanaﬂéthane
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~hydrxo-
carbons, If data is available on multi-component mixtures, then

this would certainly be amenable to evaluation.

This method should be studied to determine a modification eor
variation that would enable it to successfully handle mixtures
containing molecules with a2 large size difference, The concept
of a reference substance may be useful in this type of mixture,

but it would have to be tested,



a.d4.% 8.4.% biasi

CHy~C0p 34 5.67 8.21 +2.86
C4H1 o~C02 41 20,8 33.2 +19.3
CH4~n~C5Hi2 &0 4.43 8.53 -4,12
CHy -Gl o 33, S.46 7.94 «53,41
{azturated)

CHy -n~CgH, 100 3.68 4,47 =3.45
{superheated)

a.d.% 8.4,% biasi
4.50 6,35 ~1,20
12,9 17.3 «12.7
3.01 6,69 ~1.37
22.4 26,1 -22.4

53.6 60.2 =-53.6

62.3 67.8 ~62.3

2.21

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

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

a,d.%
3.%
6.86
2.46
6.40

31.7

37.3

6€



Methane
Ethane
n~Butane
n-Pentane

Carbon diozide

Temperature, °K

191,086
305.56
425.17
469.78
304,12

Pressure, atm.

45,80
48.30
37.47
33.31
72.93

40

Compressibility
0.289
0,285
0.274
0.269

0.275
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NOMENCLATURE
Activity.

Constants in equations of state.

geTe X+ ] 5
Pc 1,2

%[% ]lifz

Base of Waperian logarithms.

Ideal equilibrium constant,®y/x

Fugacity.
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Fugacity coefficient, pure component, component

in solution,

Free energyi

Real gas enthaipy departure termi‘
Mole fraction any phase.
Number m@lﬁsa

Vapor pressure.

Total préasurae

Partial pressure,
Universal gas constant.
Temperature.

Volume.

Acentric factor.

Mole fraction liquid phase.

Pitzer table values for H,* or Z function.

Mole fraction vapor phase,

Compressibility factor.
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R

z x ©

SUPERSCRIPTS

L4

calec,

exp.
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Residual molar volume,

D

. [*10 P ”1'0) 2] ; empirical factor.
1.0be Y xiPei

Intermediate temperature-composition scale.
Activity coefficient.

Chemical potential,

Summation,

Hypothetical surface temsion at 0° K.

PFugacity coefficient,

Correction term in Leland,et al, equation
for ideal K or 9.

Partial moclar property.
Standard state,

Ideal gam state.

Pseudo state.

Number of components in mixture,

Critical property.
Components in a mixture,
Mizture,

Equimolal mixture.
Mumber of moles.

Reduced propexty.
Calculated,

Experimental.
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C CIMENSICN + TAELE ENTRIES
CIMENSIZN +TR(31,20)sHCAL3142C),H{31520)4HCEB(31,2C),+TS(2C),~5(20])
1.PSI{2Z),FC(2)

... € . Z TAELE ENTRIES i - _ _
CIMENSIEN 2ZTR(31,20),2CA(31,20),2(31,20),20B8031,2C),275(2C}+25(20)
C F TAELE ENTRIES

CIMENSIZN FTR(21,20).FCA({31,2C),F{31,20),FCB(31,2C},FTS(2C)},F5(20)
CEMVMEN FTR FCAWH FOByHTSyHSs2ZTRyZCA$2Z 4 2ZCB4ZTS,ZSeFTRGFCAF,FLB,FTS
1+FS

CIMENSTEN TAE(31)

c TABLE @F VALUES FER Z, Hy ANC F TABLE ASSIGANMENTS

TABt l)=.8C

TAR(
TAE(
TAR({
Tagt(
rTag(
TARL
TAE(

TAB(1S)=1.14
TAR(2C)=1.1¢ '

TAE(24

TAB(31)=2,CC
4 REAC TABLES INTE CE@RE
ICT=C
K=C
C  REAC & TAELE o o
4 REAC 1sPR,TR,CB,T,DA,TS,T1
1 FRRMATIFS5.C4F5.042F6.04F5.CyFELC)
4 ASSIGMN Te FRZFER PLACE IN TABLE FIRST PZINT ANC SATURATIZN VALUE
ce 21 I=1,21
IF(TR-TAE(1)11)21,24,21
21 CZATINUE
24 K=K+l
FTR(1K)=TR
FCA(L K)=CA
Bl K}=T
FCB(1,K)=CE
FTS(K)=TS ) e - .
7.‘5('():‘1 e - - - - . - - N ST T T et o c T B .
e 2 1=243C,2
REAC 2,TR,CByT4yCA,TR1,CB1,T1,CAL
3 FRRMATISX,FSaCsFElLC FELCoFELC,F5.C43FE.C)
c ASSIGN Tg PRZFER PLACE IN TABLE ALL REMAINING VALLES
DZ 25 L=1,21 ) 1




LAY

27
28

B2 29 L=1,31

21 CENTINVE

TFIS(K)I=TS

TFLTR-TAB(L) ) 25426425

CENTINUE

Ge 12 2

FTRIL K )}=TR

FCA(L ,K)=C2

F{LyK)=T

FCR(L,K)=CP

FTR(L41,K)=TR]

FCA{L+]1,K)=CAL

FLL+1,K}=T1

FCBIL#Y,K)=CR]

IF(K=2C}445,

K=C

REAL Z TABLE

REAC 1,PRyTIRCRyT,DA,TS,T1
ASSIGN T2 PREFER PLACE IN TABLE FIRST PZINT ANC SATULRATIEZN VALUE
£z 27 I=1.21
IFLTR-TAB(I))27+2€,27

CZNTINUVE

K=K+1

ZTRUI,LK)=TR

ITCAL],K)=CA

ICB(IyK)=CE

ZiLsK)=T

ZTSLK)=TS

ZstK)=T1

Ce & [=2,2C2

REAL 2, TRyCB,T40A,TR1,CBL,T14CAL
ASSICN TR FRPEER PLACE IN VABLE ALL REMAINING VALLES

TF(TR-TARLLYYZS,2C,29
CeNTINUE

Ge Te ¢

ZTRIL,K)=TR
ZCA(L,K)=CA

ZIL.K)=T

Zee(l,K)=CE
ZTR(L41,K)=TRL
ICA(L+1,K)=CAl
Z(L41,K)=T1
zceiiel,K)=Cel
TF(K-20) 748,06
K=C

REAC F T2BLE

REAL 1,PRyTR,CByT4DA,TS,T1

ASSICN T PRZFER PLACE IN TABLE FIRST PZINT ANC SATURATIEN VALUE
Ce 31 1=1,31
IF(TR-TAR(I))21,22,31

K=K+1
FIR(I,K)=TR
FCA(L,K)=C2
FlIsk)=T
FCE(I,K)=CE

FS(K)=T]

Ce S 1=2,30y2

REAC 2,T1R,CB4T,CA,TRL,CB1,T1,0AL

ASSICN T2 FRZFER PLACE IN TABLE ALL REMAINING VALLES
Cg 22 t=1,21

TF(TR-TAB(L))23,24,33

CeNTINLE

Geg T¢g 3§

FIR({L,K}=1TR

FCA(L,+K)=CH

CELLKIsT

|

Ly



TEXTRAFZLATE INTE FYPRTHETICAL REGIEN IF LEWEST VALULL IN TABLE [ IS

1

—

41

4“2

44

43

_AZLINE=ZS(J)-BZLINE®ZTS(J)

CAFLINE=F(L,J)-BFLINESFTR{L,J)

"REAC CRITICAL PREZPERTIES

IS LAST CASE, YES- END_£F JEB, NE- READ CATA PRINT

FCB{LK)=CE
FTR(L+1,K)=TR1
FCA(L#1,K}=CAl
FCBIL+1,K)=CE1l
FlL+1.,K)=T1
IF{K-2C}1Cy11,112

HIGHER THAN LPZWEST VALULE IN PRECEECING TABLE I-1
ICT=1CT4+1

Ce 4C AN=32,¢

I=11-h

Ce 41 M=1,7

K=8-¥
IF(FTRIKI)-FTRIK,I+1))41,41,42
CEZNTIAUE

Gg TE 4C

J=1+1

L=K+1 .

TF{J-5)42,44,44
BLINE=(F(LyJ)=FIL4L,J))/H{FTRIL,JI-HTIR{L+1,J))
ALINE=F(L 3 J)~BLINE#HIR (L J)
BZLINE={Z(LJ)=2(L+1,J))}/02TRIL4JI-ZTRIL+L,4J})
ALLINE=ZUL,J)-BZLIKE#ZTRIL,, )

BFLINE=(FL{L W JI=FIL+14J))/Z{FTR(LyJ)-FTIR{L+1,4)}

Ge TE 45
BLINE=(FS(J)-FIL,J)I/LETSIII-RIR(L,4))
ALINE=HS(J)I-BLINESHTSLY)
BZLINE=(2S(J)-Z(LyJ))/LZYSLS)=-2TRIL,J))

BFLINE={FS(JI=-FUL,JY}I/(FTSLJ)-FIR{L,J))
AFLINE=FS{JI-CFLINE*FTS{J)

Ky J)=ALINE+ELINE#KIRIK, 1)
ZCKyJI=AZLINE+BZLINE#2ZTRIK, 1)
FIKyJ)=AFLINE4BFLUINE*FTRIK, )

FTIR(K J)=bTR(K 1)
ZTRUK 2 J)=ZTR{K, 1)
FIR{K,J)=FTR{K,I)
USE SAVE CA-CP FER EXTRAPELATEC PZINT AS LPPERNMEST PZINT IN TASLC
FCA(K $J)=FCA (LI}

FUALKWJI=FLAL{LJ)}
FCBUKsJI=FCEBILyJ)
CZNTINUE J

G2 T2llle4€),1CT
START CALC. ¢F MIXTURE FUGACITIES

REAC 12,1C1,7C2,PC1,PC2,2C1,2C2
FZRVATLEFT.C)

CASE=CASE+1.

Ig=1

IF(1C1-9565.,)13,2C,2C

REAC CATA FZINY

REAC 15¢PINyToPyX1,FEL4FE2
FERMAT(FELCyFE.0,F8.C,FT.CoFT.C,F7.0)

1=1

IS LAST PEINT IN SYSTEM, YES- REAC NEXT SYSTEM, N@- CALCULATE o B . B e . X . .
IFIX1Y46,4€6,14 7777 T T T Tl e P e n S e e s e - . ‘
ALPHA=1.CHEXPF(=1C.a(P/(X1ePCL4{1-X1}#PC2)=1.)ex2})

AL=SCRIF (((ZCLle(TCL)es(ALPFA+1.}))/PCL)

A2=SCRTE {((2C2#(1C2)»a{ALPFA+L.}1)/PC2)

Bl=,54((ZCLeTC1)/PCl)n".32223333 L
B2=.5%({2C28TC2)/PC2)»+.33233333 i . . B o)




C

c
18
1¢
17

c

C

2C

2C=X192C1+(1.-Xx1)w2C2

CAX=(X1eA14(1.~X1)uA2) a2

CEX={XxleX1a{ {2 eBL)wa3 42 oX12(1~X1) o {(B14B2) %304 ([Lo-X1)wn2)e{
1(2.%82)%e32))

TC={CAX/CEX)ua{1 . /ALPHA)

PC=(1C22C)/CEX

CTX=(Zo/ALFRA)w{ ((X1wAT®AL+(1=X1)wALeA2)}/CAX)-((X10((2.0B1)0u3}+{
11.-X1}e((BL4EZ)me2})/CRX))

CPX= (2 /ALPHFAIa(L(XIwALSAL4(2a=X1] ®ALl®A2)/CAX)I-({1.+ALPHA)®{(X]
1 Jel(2.%E1)se3)+4(1o=X1)u((BL+82)##3))]/CBX)+(1.+2C1/2C)

TR=T/1C

PR=F/FC

CALL TABLE LZEKUP RELTINE FER Z,k,F.

CALL TABLE(PR,TR,Z14+1,F1,FLAG,Z2C)

IF @UT 2F RANGE 2F TASLE, SKIP TE NEXT DATA PZIANT
IF(FLAG-1.C)18,13,13
PSI{I)==(1./1{1.9€7%T))a(K1oTCaCTX)+{1.-21)eCPX
FCOI)=FleEXPF(PSI(I})

Ge Telley17)01

1=2

CTx=1zZ. JALFRA R LU{{ L.~ X1 )RA2A2+X aAL2A2)/CAXI- LT ~X1)a((2, 88
12) %03 )+X1a((P1+482)ne3})/CRX))

CPX={Zo/ALFRAYI MLl ~X1)uAZRA24 (X1 )AL RA2)/CAXI- ({2 o+ALPFA}{{Ll.m
IXL)w{(2.9E2)#n3)+(X1)»((B14B2) %3] ))/CEXI#+(1.4202/20)

Ge Te 18 ’ ’ T

CEVI=((FE1-FC(L1))/FEL)#1CC.

CEV2=I{FEZ-FC{2))/FE2)=1CC.

PRINT RESLLTS

CALL PUTPTL (FTIN,T,P,X14FC,FEL,FE2,DEVL,CEV2,CASE,I2)

CALL QUTPT2 (FTN,TC,PCyX1yTRyPRyZLWF1,H1,4PSI)

I1g=C

GCT NEXT PLINT
Geg Te 13

CALL SYSTEN
STeP

EnC

Y e



SUBRAUT INE TABLE(PRyTR,Z1,HI4F1,FLAG,ZC)
T T DIMENSTON TAB{20) -
) DIMENSIZN HTR(31, 20).H0A(3|.20).H(3|.20),Hoe(5|.20).HIS(zo).HS(ZO)
DIMENSIZN ZTRU31,20),2DA031,201,2(31,20),2Z0B(31,20),275(20},75(20}
. DIMENSIAN FTR{31,20)4FDA(I31,20),F(31,20),FDB{31,20),FTS(20},FS5(20)
) CBMMEN HTR HDA 3y HyHDB oy HTS ,HSy ZTRy ZDA, 2, 2DB,ZTS,1S, FTR.FDA F,FOB,FTS

1,FS

T *TIBIE—BF'Pﬁ‘VALUES

: TAB(1}=.,20
TAB(2)=.30
TAB{3)=.40
TAB{4)=.50
TAB(S5)=.60

TTTYABUBY=.TO
TAB(7)=.80
TAB(8)=.90
TAB(9)=1.00
TAB{10)=1.05
TAB(11)=1.10

TTYABUTET.20

TAB(13)=1,40
TAB{1ILk)=1.60
TAB{15)=1.80
TAB(16)=2.0
TAB(17)=b,0

T TABLYBIS6.D
TAB(19)=8.0
TAB(20)=10.0
FLAG=0.0
K=0

c CHECK PR

N TFUPR-TABUTIIT, 2,277
2 IF(TAB(20)-PR)1,5,3
BUT OF RANGE BF TABLE

1 21=0.0
H1=0.0
Fi=0.0

FLAG=T.0
Ga T@ 226

c GET POINT IN TABLE

w

D2 & 1=1,20

IF(PR-TAB(I))5,6,4

& CONTINUE

on

5 =1~}
K=1
68 18 7
6 J=1
T CH

DIRECY HIT IF &
INTERPELATE IF 5

B FReM TABLE F@UND IS TZ BE USED ORIF Td

c USE LAST DA AND DB BF TABLE PR=1.2

T IF(1-13)25,9,9

9 10=12
Go 1o 8
25 ID=y

S £ IR_EEIS_T_AN‘—STTUR_ATW\TPT.

8 IF(TR-HTR{15J)110411,11
10 IF{VR-HTS(J)} 12,13, 14

12 FLAG=I.

e

0s



68 T2 226

c AT SATURATIZN PBINT
13 HI=HS(J) X o e
TFTUT0- 12730, 31,37
31 DAH=HDA(1,12)
DBH=HDB{ 1, 12)
68 T3 24
30 DAH=HDA(1,J)
o DBH=HDB(14J) o
68 T@ 25
4 BETWEEN SAT. AND FIRST PT. IN TABLE, INTERPULATE
[ TR INTERPSLATIGN
e FACTS(HTS{J)-TRIZIHTS(JI-HTR{1,4))
ANSHO= (H( 14 J)—HSCJ) ) *FACT+HS (J)
L IFtK)16, 16,15
[+ TNTERPOLATE VS PR
15 ANSHO1=(HU 14K)-HSUK}}+FACT+HS(K}
FACTI={TAB(K)=PR)/{TAB(K)-TAB{J))
Hl= (ANSHO-ANSHO 1} =*FACT 1+ANSHO
IF(ID-12)32,33,33
_ 33 IF(K~13)32,35,35
35 DAH=HDA( 1,12}
DBH=HDB( 1,12}
GO Ta 24
32 DAH=(HDA( 1o J)-HDA{ 1,K} ) #FACT 1+HDA( 1,K)
DBH=(HDB{ 1,J)~HDB{ 1,K) ) *FACT 1+HDB{ 1,K)
o 68 TZ 24
16 HI=ANSHO
DAH=HDA( 1,4J)
DBH=HDB( |, J)
GBTR82u
[ PAINT IN BuDY @F TABLE
11 02 17 1=1,31 .
“CTTTFIND CeRRECT PLACEMENT T T
c 18 INTERPOLATE
4 19 DIRECT MIT :
TF{TR-HTR{I4J))18,19,17
17 CANTINUE
60 To 1
18 t=1-1
N=1 -
[4 INTERPOLATE VS TR
FCTR={HTR{LyJ)-TR)/(HTRIL ) ~HTR(N,J})
ANSH=(HINyJ)=HILyJ) ) #FCTR+H(L,J)
— IF{K120,20,21
INTERPELATE VS PR
21 ANSHI=(H{N,K}=H{L, K} e FCTR+H (LX)
PFACT={TAB(K}-PR)/{TAB(K)-TAB{J})
Hi= (ANSH=ANSHI)#PFACT+ANSH1
IF(ID-12)44,43,43
&3 IF(K-13)44,45,45 o
4 IF PR ABUVE 1.2 USE 1.2 DA AND DB VALUES
85 DAH=(HDA(N, 12} -HDA(L, 12))*FCTR+HDA(L,12)
DBH=(HDB(N, 12)~HDB(Ly 12) ) #FCTR#HDB(L, 12)
Go TR 2y
4 INTERPOLATE DA AND DB
44 DAH=(HDA(N,J)~HDA(LsJ) )*FCTR+HDA(L,J}
T DBHETHDBIN, JY-ROBTL, JT )V #FCTR+HOB(L, 37

-

DAHI=(HDA{NyK)~HDA(L,K) )} #FCTR+HDA(L,K)
DBH1=(HOB{N,K)~HDB (LK)} ¢FCTR+HDB(L ,K)
DAH={DAH-DAH1) PFACT+DAH|

o f T e e e e e e

18



DBH= [DBH-DBH1) *PFACT+DBH
Ge To2u
20 HI=ANSH o
T T DARS(HOAUN JY-HDA{L, JT 1 #FCTR+HDA(L,J)
DBH= (HDB(N, J}-HDBIL,J) ) sFCTR+HDB(L,J)
6@ Te2u
19 1F(K)22,22,23
22 Hi=H(1,J)
DAH=HDA{I,J}
"_‘7' DBR=HDB{'14J)
G2 1821
c INTERPOLATE VS PR
23 PEACTI=(TAB(K)-PR)/(TABIK)-TAB(J]) .
Hbx(HUT, J1=HUT,K) JoPFACT TeHUI,K)
DAH= [HDA (I, J)~HDA(I4K) )#PFALT I+HDAL [,K}
“““““ TTDBHETHOB L, JY=HDBI1 4K J#ePFAC T 14+HOBTT K} ™" T B L
c GET F VALUES o
24 Jay
K=K
DAF=DAF
FACT=FACT
T XFOIRSEIR TS VY TI0, T 1T
V10 TF(TR-FTS(J1) 112,113,110
112 FLAG=1.
68 T8 226
c AT SATURATION PEINT
113 Fi=FS(J)
T IFUID=121230,231,2317 77~
231 DAF=FDA(1,12)
DBF=FDB{ I, 12}
68 18 12u
230 DAF=FDA(1,4)

____ T Gorev2s T e T o
[ BETWEEN SAT. AND FIRST PT, IN TABLE, INTERPBLATE
c TR INTERPILATIEN

T4 ANSFO=(F{1,J1-FS(J))#FACT+FS(J)
TF(K) 116,116,115
TIS ANSFOI=(F(1,K)=FS{K))*FACT4FS(K)
7T INYERPBUATE VS PR T
Fl= {ANSFO-ANSFO 1) #FACT 1+ANSF O
TIF(10-121232,233,233
233 1F(K-13)232,235,235
235 DAF=FDA( 1,12}
DBF=FOB(1,12)
GP TOTZ%
232 DAF=(FDA(14J)-FDA(1,K))*FACT 1+FDA{ 1,K)
OBF=(FDB{1,J)-FDB{1,K)} )«FACT 1+FDB( 1,K)
68 T2 124
116 FI=ANSFO ' -
DAF=FDA(1,J)
DBF=FDOBI(T,J)
GBT2124
c PBINT IN B@DY @F TABLE
PR IFLTR-FTR{14J)) 118,119,117
117 CANTINUE
G8 Tg 124
C TNTERPELATE VS IR
118 ANSF=(F(NsJ)=F(LyJ) }oFCTR+F(Lysd)
IF(X) 120,120,121
121 ANSFI={F{N,K)-F{LoK)}#FCTR+F (L,K)

A9

ey
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c INTERPOLATE VS PR
Fl=(ANSF-ANSF1)«PFACT+ANSF1
IF(ID-12)2uk,243,243

TR TFIR=T31244, 245,245
c IF PR ABBVE 1.2 USE 1.2 DA AND DB VALUES
245 DAF=(FDA(N, 12)-FDA{L,12)}aFCTR+FDA(L,12)
DBF={FDB{N, 12)-FOB{L, 12) ) sFCTR+FOB(L, 12}
6e ¥ 124
C INTERPGLATE DA AND DB B
T 72wl DAF=UFDATIN, JI-FDALL,,J) Y *FCTR+FDA(L,J)
DBF=(FDBI(Ny J)-FDB(L,J) }8FCTR4FDB(L,J)
DAF 1=(FDA(N,K)~FDA(L,K)})oFCTR+FDA(LyK)
DBF 1= (FDBIN,K)~FDBIL ¢K})#FCTR+FDB(L,K)
DBF=(DBF-DBF 1} +PFACT+DBF |
___DAF=(DAF-DAF1)sPFACT+DAF1 -
T TTéa va e T T T T
120 F1=ANSF
DAF=(FDA(N, JI-FDA{L, J} ) #FCTR+FDA(L,J)
DBF=(FOB(N, J)-FOB(L,J) )sFCTR+FDB(L,J)
Ge Ta 2%
119 1FI(K) 122,122,123

T2 FT=F (1.4 T
DAF=FDA(I,J)
DBF=FOB(1,J)
Ga T2 124

c INTERPOLATE VS PR

123 Fl=(F(1,J)-F(1,K))«PFACTI+F(,K)

DAF={FDA{1,J}-FDA(I,X) )}=PFACTI+FDA(I,K)
DBF=(FDB(1,J)-FDOB{I,K})*PFALTI+FDB( 4K}
c GET I VALUES
124 J=J
KaK
__TF(TR-ZTRU1,911210,211,211
210 IF{TR-ZTS{JII212,213,214
212 FLAG=1.
G8 T8 226
c AT SATURATIBN PBINT
213 21=2S())
IF(ID~12)130,131,131

131 DAZ=2DA(1,12) PR
DBZ=208( 1, 12) .
68 Tg 22u
130 DAZ=2IDA{1,J)
DBZ=ZDB(1,4)
GP Ta224 e

C  BETWEEN SAT. AND FIRST PT, IN TABLE, INTERPBLATE
TR INTERPELATI@N
21% ANSZO=(Z(1,J)-2S{J))=FACT+IS(J)
TIF(K)216,2164215
215 ANSZOI={Z(1,K)~ZS(K))I=FACT+ZS{K) -
_C INTERPOLATE VS PR

Z1=(ANSZO-ANSZO01)sFACT 1+ANSZO1
IF(I0-4§2)132,133,133
133 IF(K-131132,135,135
135 DAZ=2ZDA(1,12)
DBZ=20B( 1,12}
G2 Tp22h

V32 DAZ=TZ0AT T, JT=-T0AT T, KV T#FACTT#210AT T, KY
DBZ=(208( 14 J)-Z0B{ 1,K) ) #FACT 14208( 1,K)
Go T8 224

216 Z1=ANSZ0

e I R P - B e T At o 2t TR
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N N
~ —

218

Tuy

220

219

222

223

225

227

DAZ=20A{1,J)

DBZ=ZCB{V,J)

Gd Tg 224

IFITR=-ZTR(1,J))218,219,217

CoNTINUE

Gd T2 224

PRINT IN B20Y #F TARLE

INTERPILATE VS TR

ANSZ= (2N, JY-2LLJ))eFCTR*+Z(L,J)
IF{K)22C,220,221
ANSZI={2IN,KY=Z (LK)} oFCTR#Z{L,K)
INTERPZLATE VS PR
ZV=(ANSZ-ANSZ 1) #PFACT+ANS/ ]
[F{ID-12) 14, bu3, 103

[F(K=13) 144,145, 145

IF PR ABZVE 1.2 uSt 1.2 DA AND DB VALUES
DAZ=(ZDA(N, 12} ~ZDA(L,12))#FCTR+ZDA(L,12)
DBZ=(ZDE(Ny 12)-ZDB(Ly12))aFLTR+700(L,12)
G2 T¥ 224

INTERP2LATE DA AND DFR
DAZ={ZCA{N,J)=70A(L+J))eFCTR+ZDA(L,J)
DBZ=(Z0B{NyJ)=208(LsJ))#FCTR+ZDBL )
DAZ 1= (ZDAINK)=ZDA(L,K))#FCTR+ZDA(L,K)
DBZ 1= (ZDBINGK)-ZOB(LK)I*FCTR+ZDR(L,X)
DAZ=(DAZ-DA2 V) #PFACT+DAZI
DBZ=(DBZ-DBZ1)sPFACT+0RZI

G8 T2 224

2 1=ANSI

DAZ={ZDA{N, J)-ZOAIL+J)I*FCTR4IDA(L,J)
DBZ=(Z0B(hyJ)-ZDB{LsJ))*FCFR+2DB(LyJ)
Ge 12 22u

1F(K)222,222,223

21=2(1¢J)

DAZ=ZCA{I,J)

DBZ=I0B{1,J)

G2 T2 224

INTERPELATE VS PR )
2I=(Z{14d)-2(14K))SPEACTI42(1,K)
DAZ=(ZDA(1,J)-ZDALT+K}))«PFAZTI14Z0DA(1,K)
DBZ=(2DB(1,J)-208{1,K))1ePFAZTI+2D8(1,K)
CHECK 2C F<R DA £R DB CIRRECTIEN
IF(2C~.27)227,226,225

AL Uy

USE DA FJR CIRRECTION
21=21+4DAZ(/1C-0.27)

HI=H1+DAH«(2C-0.27)
Fl=F1#10. % {DAF®(2C~0.27))

G@ T2 226

USE DB FER CYRRECTIIN
1V=21+DBZ+(2C-0.27)

TRIZHI+4DBHe (2C-0.27)

FI=F1=10.2«(0BFe(2C-0.27))
G2 T2 226
END

7S



SUPRLEGTING BUTPTL (PTUsTeP X1, FC,FEL,FE2,DEVY,DEV2,CASE,12)

DIMELSTION FCL2)
NPT=XFIKF(PTY
I1CASE = XFIXF(CASE}
IFCLSI1T017,39
9 PRINT 7
T FPRMAT(LIh 3y 33X 9HTARLE <SNE9TX, 21HFUGACITY COEFFICIENTS)
B GO Tutle2y3+0445,6),1C0SE
1 PRINT 10
O FORMATULIHC 33X,6FSYSTEM,4X,13HC02 - METHANE)
G Tl 16
2 PRINT 1L
11 FOoRMATULHG 33X, 6HSYSTEM, 4X,y LOMMETHANE - ETHANE)
Ge Te 16 '
3 PRINT 12
2 FURMATULIRG 33X, 6MSYSTE Y, 4K, 124002 - BUTANE)
LG T 16
4 PRINT 13
13 FURMATOLHO, 33X, 6HSYSTOMa 46Xy LTHMETHANE ~ PENTANE}
Ge Ty 16
5 PRINT 14

14 FZRMATLLIRU33Xy6HSYSTEMy 4X e 28K ETHAKRE — BUTANE (SATURATED))

G Ty 16
& PRINT 15

19 FORVATILIHO,33X,6SYSTEN4X, 30HME THAND = BUTANE (SUPERHEATED))

G Te 16
16 IF(IL)17417416
18 PRINT 193

19 FIRVATL IHCy 534, LTHFUSACITY CAEFF. 1,11X, 1 7THFUGACITY CREFF,

2/ 11

L1OXy THPT o ND.pbXy THIEMP. Ky 3Xy JOHPRESS. ATM,4X, 2HX146X,22HCALE

2E6xP PCT DEV,6X,22HCALC £EXpP PCT DEV)
LNCY=0

17 IFILNCT=45)21,21,22

22 1i=1

GP T2 9

21 PRINT 2045PT 4T 4Py X1 FCUL)WFEL,DEVL,FC(2),FC2,0EV2

20 FOUMATULIH 10Ky T16 05X FTa204X s FT0202X,FT.343XeF6.3,1X,F73,3X:F7.3,4

1X FOa391XsFTe343X,FT7.3)
LMNCT=LNCT+1

RETURN

END

R,

o

6§



SUPRGLTINE BUTPTI2 (PTYTCPLy X1y TRYyPRy71,FL4HL,PST)
DIMENSTSN PSIE2)
CASE=CASE+1.
NPT=XFIXFIPTN)
IFICASE~T1.)1,1,2
1 WRITE 2UTFUT TAPE 6,43
3 FIRMAT(LR3,33X:9HTABLE TW2y3Xy22HPREPERTIES OF MIXTURES/1HO,10X,2H
1PT. Lileadns THIC, K ¢3Xs10HPC, ATM, 44K e2HX L2 TX 4 2HTRy6X 3 2HP Ry 6Ky ]
2HZyBXy6HIF/P IV 5 Xy 1HH TX3 SHPST 1.7Xs5HPST 2//)
LNCI=¢C
2 WKITE JUTPUT TAPE 644sNPTTCoPCe XLy TR4PReZLSFIZHLIPSTI(L1)4PSI(2)
G4 FORMATILDL v 6Xel033X FTe238XsFTa293X,F1.343X0F6.3,1X,F7.3, F1.3,
16X F6.30 1K FT703,5K:F1.3,5%,F7,.3)
LNCT=LNCT 1
TFILLCT=45 )646,5
CASE=C.
RETLKRY
enNe

oo

s

9¢
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The nomenclature used attempted to conform insofar as possible
to common terminology with certain exceptione. Because of the
rules and limitations of the FORTRAN language, not all mathematical
gymbols and terms are directly wusable, 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
80 as %o conform with the work of Mamzei, 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 Mazzei's work,
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ALPHA o =1,0+ exp. [ .10/ P -3} 2]
1 Po1+ %2Pe2
Al,A2 . amz*[ZcTcd'*'l] ¥
Pe 1,2
B1,B2 by,by= ;‘[Zc!‘c] 1/3
Pc 1,2
4734 (xlal + xZaz)z
DAZ,DBZ Da and Db correction terms for Z table,
DAR,DBF Ds and Db correction terms for (f/p) table,
DAH, DBH Da and Db correction terms for (He-H) /Tc!
table,
DEV1,2 (£/py) exp.~( £/py) cale, x 100%
(£/py) exp.
DTX1,2 1 [ome - 55 S %y b;___]
Te! bx1.2 ‘“1 dxy
DPX1, 2 L - 5= x ?;li'&l]
¥
Pe' [ dxy,2 =1 9%y
F Fugacity coefficlent,
Fl, (F/P)M Table value of fugacity coefficient
¥FC1,2 Calculated fugacity coefficient for components
1ler 2,
FDA,FDB Equivalent to DAF, DBF,
PEL,2 Experimental fugacity coefficient for

components 1 or 2,

FLAG Variable used to determine if a point is out
of range of tables,

¥S Saturation value of fugacity coefficient.
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FIR Reduced temperature in F table,

FIs Saturation temperature in F table,

H Ideal gas enthalpy departure tarm,(gg%ﬁ)

Hi Teble value of enthalpy departure,

HDA, HDB Equivalent to DAH,DBH.

ns Baturation value of enthalpy departure term,

HTR Reduced temperature in H table,

HrS Saturation temperature in H table,

NPT Point number.

OUTPTL, 2 Subroutines for printing results of calculations,

P Preassure,

PC Pseudocritical pressure,

PCL,2 Pure component critical pressure,

PR Reduced Pressure.

PS1},2 Y1, 2“"%1 (%3;.& ('9.2&.‘:* = Xié.‘&z.’.) Tc'
d3%1,2 i=1  d%g

+ (l-v-ﬂ)( JPe ! - chxi QPG')
%, 2 =1 0%

T Temperature

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

Ic Pseudocritical temperature,

€L, 2 Pure component critical temperature,

TR Reduced tempersture.

8 Saturation temperature,

X1 Mole fraction component I,xi.

A Comprebsibilitvy factor,

Z1 Table value of compressibility factor.
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%C1,2

ZDA, ZDB

Z3
ZTR
218

Pseudocritical compressibility factor, Ze'.
Pure component compressibility factor.
Equivalent to DAZ, DAB,

Saturation value of compressibility factor.
Reduced temperature in Z table,

Saturation temperature in Z table.

60



PT.

NE.
1

5
6
8

JEVP. K
344.21
344.21
344.27
344,27
344.21
344.27
344.217
344.21
344,217
344,27
344.217
"415.94
415.94
415.94
415.94
415.94
415.94
415.94
415.94
415.94
415.94
31C.94
31€.94
31C.94
31C.94
31C.94
31C.94
31C.94
31C.94
31C.94
31C.94
31C.94
31C.94
31C.94

TABLE ENE

SYSTEN

PRESS. ATM
1¢0.CC
2C0.CC
200.CC
2C0.CC
30C.CC
300.CC
400.CC
4CC.CC
4CC.CC
500.CC
50C.CC
1€0.CC
200.CC
200.CC
200.CC
30cC.CC
300.CC
400.CC
400.CC
40C.CC
500.CC
100.CC
10C.CC
200.CC
200.CC
200.CC
300.CC
300.CC
30C.CC
400.CC
40C.CC
40C.CC
500.CC
500.CC

FUGACITY CREFFICIENTS

€02 - METHANE

FUGACITY CEEFF,

X1 CALC
0.2C4 l1.02C
0.204 1.075

C.406 €.978
0.847 0.884

0.2C4 1.C€98
0.605 0.913
0.204 1.117

0.4C6 €.991
C.605 C.921

0.204 1.156
C.4Cé 1.02¢C
0.2C4 1.C17
C.204 1.€55
0.605 C.9117
0.847 C.563
0.204 1.€95
C.847 C.%63
0.204 1.132
C.406 1.C31
C.847 C.981
0.204 1.175
0.204 1.C44
C.847 c.898

0.204 1.C94
0.4Cé6 0.941
0.847 0.83C

C.204 1.c82
0.406 c.92¢C
0.847 C.799
C.204 1.076
0.406 ¢.92¢C
C.847 0.8CC
0.204 l1.1C6
0.406 C.944

EXP
1.003
1.09¢
0.945
C.863
1.102
C.88C
1.117
€.964
C.894
1.15¢8
1.0C2
1.01€
1.C62
C.963
C.954
1.114
€.95%
1.175
1.035
C.977
1.23s
1.23C
€.069
1.421
1.018
c.781
1.408
C.945
C.743
1.417
C.97C
c.738
l.468
€.99¢

1
PCT CEV
-1.742
1.952
-3.469
~2.453
C.321
-3.703
0.017
-2.817
-3.038
0.141
-1.815
-Cc.128
C.754
-1.489
~0.956
1.723
-C.379
3.674
0.434
-C.436
5.172
15.121
-3.288
23.045
7.581
-6.224
23.136
2.674
-7.502
24.043
5.133
~8.334
24.€80
5.264

FUGACITY CQEFF.

CALC
0.729
0.547
0.568
0.641
0.438
0.511
0.390
0.423
0.469
0.375
0.404
0.864
0.761
0.787
0.794
0.684
0.729
0.639
0.650
0.693
0.625
0.6C8
0.711
0.404
0.430
0.518
0.303
0.332
0.430
0.266
0.292
0.393
0.255
0.276

1344
c.721
€.520
0.560
C.638
C.431
€.503
C.392
C.424
C.459
€373
€.406
C.853
C.737
€.783
c.802
C.663
C.748
€.620
C.655
€.723
C.601
C.575
C.733
€.351
C.392
C.586
c.281
C.311
C.502
C.252
c.2179
C.478
C.238
0.263

2
PCY CEV
-1.105
-5.293
~1.482
-C.449
-1.691
-1.630
0.392
0.141
-2.C9¢
-0.547
0.402
~-1.333
-3.238
~0.534
1.C39
~3.222
2.494
~3.12%
0.729
4.C94
~3.940
~-5.810
2.999
-14.666
~9.776
11.557
-7.889%
-6.625
14.385
~5.663
-4.569
17.841
~7.002
~4.792




PT. NE.

19
82
85
95
98
107
110
113
1139
121
124
127
135
138
141

149

152
155
164
161
168
181
193
19¢
206
2¢9
211
223
225
2386
239
248
251
253
261
264
267
279
281
295
306
309
320
323
332
335

TEVP. K
294,21
2594.27
294.217
294,21
294.27
294.27
294.21
294.217
31C.94
31C.94
31C.94
31C.94
31C.94
31C.94
31C.94
31C.94
31C.94
31C.94
31C.94
31C.94
31C.94
327.6C
327.6C
327.8C
327.6¢C
327.6C
327.6C
327.6C
321.6C
344,27
344.27
344,27
344.21
344,27
344,27

T344,27
344,27
344.27
344.21
36C.94
36C.94
36C.94
36C.94
36C.54
3€6C.94
36C.94

TABLE ENE

SYSTEM

PRESS. ATH
136.CS
187.12
238.1¢
17C.11
221.15
136.C8
187.12
238.1¢
102.C7
136.CS
187.12
238.1¢
136.CS
187.12
238.1¢
136.CS
187.12
238.1¢
153.1C
204.14
238.1¢
204.14
17C. 11
221.15
153.1¢C
204.14
238.1¢
204.14
238.1¢
187.12
238.1¢
187.12
204.14
238.1¢
136.C9
187.12
238.16
204.14
238.1¢
238.1¢
187.12
238.1¢
187.12
238.1¢
153.1¢C
204.14

FUGACITY CREFFICIENTS

METHANE ~ ETHANE

FUGACITY CREFF.

X1 CALC
0.556 c.921
0.556 c.867
0.556 C.834
0.738 0.83C
C.738 0.795
0.893 0.841
0.893 0.792
0.893 C.766
0.319 1.C71
0.319 1.C58
0.319 1.C012
0.319 0.971
0.556 0.941
0.556 c.90¢
0.556 0.879
0.738 0.896
0.738 C.86C
C.738 0.84C
0.893 0.859
0.892 C.827
0.893 C.813
C.3219 1.031

0.556 0.945
0.556 C.924
C.738 0.507
C.738 c.884
0.738 C.874
0.893 C.85¢
€.893 0.842

0.319 1.054
0.319 1.C34
C.556 0.96C

0.55¢6 0.956
0.556 0.948
0.738 0.932
0.738 0.91C
0.738 0.896
0.893 C.B85
0.893 0.876
0.319 1.051
0.556 0.973
0.536 0.971
0.738 £.926
0.738 C.914
0.893 C.923%
0.893 0.510C

c.838
C.773
C.72C
C.739
C.695
€.791
C.741
c.708
1.C49
1.06C
0,983
C.918
C.861
C.82¢
C.77C
c.8117
C.7173
C.735
c.812
C.175
C.758
C.941
C.85C
C.814
€.832
C.798
C.7€6C
C.B815
€.80C
€.95C
C.903
c.87¢
C.848
C.83C
C.867
C.837
C.814
C.847
C.836
C.936
C.876
C.854
0.861
C.842
C.B896
0.877

1
PCT CEV
-9.872
~12.164
-15.836
-12.3¢C2
-14.349
—6.274
-6.919
-8.639
~2.052

0.217
-2.931
-5.792
~9.283
-9.368
-l4.216
-3.635
~11.2C5
-13.559
-5.816
-6.673
-7.247
-9.566
-11.144
~13.490
-9.033
-1C.746
-12.C31
-5.0C9
-5.269
-1C.3Cé
-14.5C0
-9.362
-12.760
~14.313
-T7.465
-8.699
-10.C31
~4.436
-4.738
-12.244
-11.017
-13.731
-7.564
-8.519
-3.643
-3.811

FUGACITY CEEFF.

CALC
0.374
0.278
0.248
0.35¢C
0.294
0.476
0.371
0.332
0.474
0.406
0.314
0.282
0.451
0.351
0.315
0.5C4
0.399
0.360
0.516
0.437
0.4C9
0.368
0.456
0.3%96
0.538
0.459
0.433
0.506
0.476
0.453
0.414
0.497
0.48C
0.456
0.631
0.541
0.498
0.571
0.541
0.479
0.562
0.517
0.600
0.556
0.689
0.626

EXp
G.340
C.275
C.24%
C.322
C.274
.372
€.285
C.239
C.451
C.361
C.298
C.271
C.340
€.275
C.245
C.452
C.365
0.321
Cea04
C.328
C.296
C.358
C.430
€.379
C.4838
C.414
C.384
€.386
C.351
C.439
€.401
€.529
Ca&60
C.434
C.584
C.498
C.445
C.435
C.399
C.461
C.545
C.498
€.559%
£.507
C.563
C.489

2
PCT CEV
—-10.C69
~-1.267
-1.183
-8.776
-7.382
—27.985
—30.139
~38.€803
-5.157
-12.529
-5.263
-4.025
-32.786
-27.552
-28.574
~11.415
~G9.314
-12.228
~27.814
-33.334
-38.130
-2.902
-5.966
-4.536
-10.257
-10.879
-12.836
-31.168
-35.432
-3.096
-3.247

6.141
—4.334
-5.15%
-8.09C
-8.602
-11.865
-31.211
-35.638
~3.800
-3.138
-3.819
-7.264
~9.676
—22.398
~27.934

R




PT. NE.
337
346
349
351
361
364
371
374
378
380
392
3954
403
4C6
4C8
417
420
422
429
432
435
447
450

TEFF. X
36C.94
377.6C
377.6C
3717.6C
377.6C
377.6C
377.6C
3717.6C
377.60
377.6C
377.6C
377.86C
394.217
394.27
354.27
394.21
394.27
394.27
394,217
394.217
3%94.27
394.27
394,27

TABLE BENE

SYSTEM

PRESS. ATH
238.1¢
153.1¢C
204.14
238.1¢
170.11
221.15
102.C17
153.1C
204.14
238.1¢
204.14
238.1¢
153.1¢C
204.14
238.1¢
153.1¢C
204.14
238.1¢&
119.C8
17C.11
221.15
187.12
238.1¢

METHANE - ETHANE

X1
0.893
0.319
C.319
0.319
0.556
0.556
0.738
C.738
0.738
0.738
0.893
C.893
0.319
C.319
0.319
0.556
0.556
C.556
C.738
0.738
0.738
0.893
0.893

FUGACITY CREFF,
CALC EXP
€.9C4 C.869
1.Cé6¢C €.977
1.068 0.966
1.C65 C.955
C.981 0.897
C.974 c.88C
0.97C C.918%
C.954 C.894
C.94C €.8176
0.93¢6 C.869
€.932 C.898
0.927 C.8%2
1.053 C.981
1.C64 €.978
1.064 C.975
c.s8e C.915
c.982 €.901
C.978 €.895
C.975 €.921
C.963 C.9C2
0.95¢ C.89C
0.951 C.921
0.946 C.914

FUGACITY C@EFFICIENTS

1
PCT CEV
~4,044
-8.516
~10.529
-11.496
-9.346
-10.706
~5.521
-6.667
-7.291
-7.725
-3.799
-3.975
-T.376
~8.704
-9.129
~7.988
~8.975
~5.283
-5.876
-6.741
~T7.467
-3.219
~3.479

FUGACITY CQEFF., 2

CALC
G.597
0.638
0.565
0.543
0.642
0.588
0.780
0.702
0.639
0.613
0.671
0.645
0.685
0.618
0.597
0.712
0.549
0624
0.787
0.719
0.672
0.721
0.684

0.453
C.606
C.544
C.518
C.627

"€.573

C.752
C.661
€.597
0.566
C.535
£.501
0.655
C.596
C.571
C.700
C.643
C.616
€.755
C.684
C.633
C.599

C.548

PCT CEV
-31.837
~-5.207
-3.782
-4.8CC
-2.367
~2.602
~-3.662
~6.161
-7.067
~B8.356
-25.462
-28.683
—-4.509
-3.757
-4,%592
—-1.646
-0.970
-1.374
~4.184
~5.15C
-6.186
-20.317
-24.162
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TABLE ENE FUGACITY CREFFICIENTS
SYSTEM CC2 - BUTANE
FUGACITY CREFF, 1 FUGAC1TY CBEFF, 2
PT. NE. TEFP. K PRESS. ATV X1 CALC EXP PCT DEV CALC EXP PCY DEV
452 31C.94 13.61 C.286 0.761 C.759 -0.280 0.975 C.566 ~0.934
453 31C.94 17.C1 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.9217 -l1.523
455 31C.94 23.82 C.178 0.626 C.634 1.260 0.925 C.%903 ~1.711
456 31C.94 27.22 0.160 0.583 C.5917 2.2117 0.909 C.893 -1.752 .
457 31C.94 30.€2 C.145 0.543 C.564 3.736 0.893 €.878 ~1.69¢ )
458 31C.94 34.C2 0.133 C.503 €.532 5.413 0.8178 C.865 =1.487
460 31C.94 47.€3 0.100 0.342 C.415% 17.610 0.823 C.802 ~2.601
461 31C.94 54.44 0.C90 0.256 €.351 27.086 0.799 C.772 —~3.485
462 31C.94 61.24 0.075 C.173 0.313 44.687 0.772 C.74C -4.383
463 31C.94 - 68.C5 0.C56 c.Cc71 Cc.3CC 16.339 0.755 C.710 ~6.3C3
K64 31C.94 T1.45 0.C51 0.059 C.271 18.215 0.734 C.699 -5.0C0 T
465 31C.94 74.51 0.C60 0.C51 C.191 13.412 0.717 c.701 -2.341
K66 31C.94 71.52 0.050 0.06C c.271 18.023 0.730C €.698 —4.558
4617 31C.94 T4.37 C.C54 C.C54 C.215 75.066 0.715 C.696 -2.77¢
4€9 344.27 11.91 0.723 0.801 €.80¢C -C.170 1.021 1.011 ~1.003
472 344.27 20.41 C.464 €.705 C.698 -1.545 0.999 1.001 0.225
474 TT344.27 27.22 0.365 C.835 C.644 C.704 0.968 €.963 -C.501
476 344,27 34.C2 C.3C6 C.575 C.594 3.251 0.943 C.937 -C.602
478 344.27 47.63 C.246 C.435 C.488 1C.891 0.909 €.889 -2.211
480 344.27 61.24 0.220 o284 C.387 31.751 0.912 C.856 ~6.515
481 344.27 68.C5 0.216 C.165 C.33¢ 51.004 0.959 C.647 -13.25¢C
482 344,217 T4.85 0.222 Cel34 C€.281 52.303 0.934 €.850 -9.9C2
484 344,27 80.56 0.287 g.11¢C C.161 42.433 0.940 €.922 -1.793
485 344,27 69.41 0.216 C.158 C.326 51.452 0.952 C.847 ~12.455
487 3717.6C 20.41 C.850 C.745 C.73C ~2.117 1.111 1.142 2.6499
489 377.6C 27.22 0.687 0.675 c.66¢8 -0.988 1.074 1.089 1.371
491 377.6C 34.02 0.539 0.608 C.614 0.912 1.057 1.056 -0.099
492 3717.6C 4C.83 0.520 0.543 C.569 4.523 1.044 1.021 -2.282
4§93 377.6C 47.63 0.476 C.569 €.522 10.133 1.057 1.009 -4,8C3
495 3717.6¢C 61.24 0.432 C.2319 C.425 25.C06 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
497 377.6¢C T1.45 C.448 0.247 C.336 26.369 1.177 1.070 -10.C29
499 415.94 3C.€62 ¢.981 0.718 C.684 ~5.082 1.244 1.464 15.C51
500 415.94 34,02 0.923 C.683 C.b46 -5.696 1.257 1.460 13.904
501 415.94 37.42 0.876 0.8644 C.614 ~4.955 T 1.311 1.443 9.139
503 415.94 44,23 0.809 0.572 C.5517 -2.780 1.393 1.435 2.925
504 415.94 47.63 G.790 C.538 C.528 -1.808 1.429 1.470 2.809
505 415.94 51.03 0.795 0.50C €.490 -2.016 1.504 1.639 8.224 i
506 415.94 51.59 0.812 0.489 C.476 -2.822 1.573 1.810 13.107 1
507 415.94 49.26 C.788 €.521 C.519 -0.305 1.449 1.525 5.C0C ;

B e
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PT. KE.
sc8
509
510
511
512
514
515
516
517
518
519
522
523
524
526
527
528
53¢
531
532
534
535
s36
537
538
539
541
542
543
544
546
547
548
550
552
553
554
555
556
557

TE¥P. K
31C.94
31C.94
31C.94
31C.94
31C.94
31C.94
31C.94
31C.94
31C.94
31C.94
31C.94
344,27
344.27
344.27
344,27
344,21
344,27
344.27
344.21
344,217
377.6C
377.6¢C
377.6C
377.60
377.6¢C
377.6C
377.6C
377.6C
377.60
415.94
415.94
415.94
415.94
415.94
415.94
§44,27
444,27
444,27
444,21
444,27

TABLE ENE

SYSTEM

PRESS. ATM

13.61
20.41
27.22
40.€3
S4.44
85.C6

102.21

119.c8

136.09

153.1¢

167.C5
20.41
27.22
40.83
68.C5
85.C¢
102.21
136.C9
153.1¢
159.C9
20.41
27.22
4C.E3
54,44
68.05
85.C¢
119.C8
136.C9
141.6C
13.61
27.22
40.83
54.44
85.Cé

109.55
27.22
40.83
54.44
68.C5
69.75

FUGACITY CEEFFICIENTS
METHANE - PENTANE

FUGACITY CeEFF. 1

X1 CALC FXP PCT CEV
C.894 0.987 €.99C C.254
0.920 C.979 C.9179 C.020
0.932 €.971 €.965 ~0.653
0.943 0.95% C.944 -1.553
0.946 Ca.9417 C.526 ~2.278
0.946 C.917 C.89C -2.984
0.941 0.903 C.873 -3.487
0.933 0.895 c.88C -1l.688
0.920 0.89¢C C.e4l ~5.819
0.897 0.891 c.831 ~7.253
0.822 €.951 0.875 -8.189
C.819 0.991 c.99¢8 C.4691
0.849 0.987 C.99¢C ¢.300
0.879 0.481 C.979 ~0.255
C.894 0.967 €.957 -1.031
0.893 C.961 C.5943 ~1.933
0.887 0.95¢ C.939 -1.847
C.856 C.968 C.931 ~3.991
0.814 1.C04 €.959 -4.694
0.766 1.064 1.012 ~5.123
0.614 1.C29 1.03¢8 0.876
0.685 1.C29 1.03¢C 0.143
C.757 1.Cl4 1.C18 C.405
0.788 1.c22 1.C09 -1.250
0.798 1.Cl4 1.012 -0.204
C.801 1.017 1.019 0.203
G.758 1.066 1.0417 -1.830
0.742 1.€91 1.054 -3.466
0.675 1.197 1.154 -3.688
0.058 1.301 1.038 -25.291
0.429 l.116 1.131 1.306
0.602 1.074 1.03¢ -3.435
C.614 1.105 1.12C 1.329
0.642 l.141 1.143 0.167
c.510 1.434 1.439 6.332
0.C94% 1.536 " 1.4689 ~4.759
0.279 1.726 1.241 -39.084
C.356 1.416 1.257 -12.643
0.337 1.676 1.504 ~11.460
0.295 1.917 1.725 -11.120

FUGACITY CBEFF. 2

CALC
0.871
0.820
0.745
0.569
0.454
0.335
0.272
0.216
0.164
0.114
0.055
6.82C
0.762
0.617
0.491
0.4C9
0.349
0.221
0.150
0.110
0.781
0.722
0.617
0.547
0.510
0.435
0.291
0.235
0.176
0.8C6
0.705
0.628
0.553
0.425
0.269

" 0.682

0.685
0.503
0.402
0.367

C.741
C.675
C.620
€.509
C.412
C.258
C.196
c.152
C.114
c.082
C.046
C.711
C.645
C.550
Cc.388
C.310
C.231
C.148
Cc.105
c.081
C.706
C.649
C.564
C.493
C.421
C.347
C.216
0.184
C.142
c.785%
C.650
Ce624
C.483
C.340
c.199
C.657
0.547
C.458
C.374
c.328

PCT CEV
-17.564
~21.42C
-2C.16¢€
-11.822
-10.176
~29.726
~38.774
~41.8€5
-43,837
-38.483
-19.520
-15.398
-18.203
-12.12¢
-26.611
-32.09¢%
-51.042
~49.497
—42.764
-35.671
-10.622
-11.267
~9.486
-10.868
~-21.192
~25.386
~34,645
-27.813
-24.129
-2.714
-8.501
~0.588
-14.502
~25.C43
-35.236
~3.79%
~25.241
-9.911
~7.446

-12.025




PT.

Ng.
559
561
563
565
568
579
582
584
587
591
598
595
602
6C5
607
6C9
612
613
614
620
622
624
628
630
631
637
640
644
657
658
659
664
666

TEVP. K
294.27
254.27
294.27
294.27
294.27
31C.94
31C.94
31C.94
31C.94
31C.94
327.60
327.6C
327.6¢C
327.6C
327.6C
327.6C
327.6C
327.60
344.27
344,27
344.217
344,27
344,27
344.27
36C.94
36C.94
36C.94
360.94

377.6C

394.27
394.27
394,27
394,217

TABLE ENE

SYSTEV

PRESS. ATK
13.61
34.C2
40.83
68.C5
95.26
20.41
40.83
68.C5
95.2¢
119.C8
20.41
27.22
54.44
85.C6
102.21

115.68
125.8%
127.65
10.21
S4.44
8l1.61
95.2¢
119.08
123.1¢
13.61
68.05
95.2¢
11554
103.43
27.22
34.02
81.67
86.01

FUGACITY CEEFFICIENTS
METHANE - BUTANE (SATURATED}

FUGACITY CREFF. 1

X1 caLc EXP PCT CEV
0.809 ¢.988 €.99¢C 0.202
0.898 C.962 C.954 ~C.863
0.907 0.948 C.944 ~0.421
0.920 c.918 €.895 -2.552
€.909 C.89C C.852 ~4.463
0.783 0.985 C.991 0.550
0.862 0.964 C.963 ~0.094
0.881 C.945 C.924 ~2.266
0.865 C.93cC €.899 ~3.494
0.835 0.934 C.88C -6.154
C.678 1.C03 €.995 -0.834
0.73% C.g9¢8 c.588 -1.011
0.819 C.982 C.962 ~2.045
0.827 C.967 0.934 ~3.586
0.815 0.9665 €.925 =4.765
0.786 €.986 C.929 -6.181
0.729 1.044 C.9CC -16.C00
0.622 1.215 1.135 -7.C16
C.172 1.112 1.C04 -1C¢.710
0. 745 1.012 0.982 -3.056
0.759 1.CCS C.977 -3.316
0.753 1.Cc19 C.974 -4.586
0.683 1.097 1.027 ~6.842
C.616 1.203 1.127 -£.700
C.111 1.20¢C 1.01C ~18.768
0.672 1.06C 1.007 -5.289
0.610 1.173 1.121 -4.678
0.550 1.288 1.212 ~6.297
0.472 1.385 1.331 ~4.072
0.142 1.304 1.038 -25.657
C.265 1.239 1.07t ~15.682
0.410 1.417 1.39¢C -1.918
0.360 1.592 1.593 0.046

FUGACITY COEFF.

CALC
0.855
0.619
0.563
0.401
0.266
0.795
0.591
0.441
0.3C0
G.211
0.789
0.727
0.51¢0
0.381
0.303
0.249
0.186
0.131
0.835
0.526
0.409
0.347
0.234
0.191
o.808
0.479
0.309
0.233
0.283
0.711
0.660
0.375
0.336

EXP
G.673
C.441
C.392
C0.256
C.169
C.581
C.389
C.262
C.l74
C.124
C.624
C.545
C.336
0.215
C.172
C.135
c.100
¢.071
C.809
C.361
C.237
C.195
0.119
C.055
C.780
.31y
c.182
c.128
0.193
C.697
0.621
C.287
C.255

2

PCT DEV
=-27.1CC
-40.294
~43.514
~56.754
~57.417
-36.832
=51.970
—-68.359
—-12.668
~70.524
~26.431
-33.357
~51.846
~77.187
~79.491
-84,752
-86.C38
-84.367
-3.197
~45.753
-72.38C
-78.149
-96.661
101.508
-3.577
-50.046
~69.,722
-82.334
~464516
-2.037
~6.203
-30.664
~31.650

R e e
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PT.

NE.
670
615
678
682
686
&89
691
693
694
687
104

“707

709
713
716
719
721
726
729
132
733
137
740
143
145
750
153
57
161
164
169
775
118
781
786
788
191
793
798
801
8§04
B80S
809
812
815
817

TEMP. ¥
294.27
294.27
294.217
294,217
294.217
294.27
294.27
294.27
294.27
31C.94
31C.94

"31C.94
31C.94
31C.94
31C.94
31C.94
31C.94

T31C.94
31C.94
31C.94
31C.94
321.6C
321.6C
327.6C
327.6C
327.60
327.60
327.60C
327.6C
327.8C
327.60
327.60
327.6C
327.60
344.27
344.27
344,27
344,21
344.27
344.217
1344.27
344,27
344,27
344,27
344,27
344.27

TABLE @NE

SYSTEK

PRESS. ATM
27.22
40.83
85.C¢

204.14
34.C2
“68.T5
102.07
170.11
204.14
27.22
68.05
136.C9
204,14
34.C2
68.C5
136.C9
204,14
40.E3
85.06
170.11
204.14
34.02
68.C5
136.C9
204.14
40.83
85.C6
204.14
34.02
68.C5
204.14
54,44
102.¢7
204414
40.83
68.C5
136.CS
204.14
4C.83
85.C6
170.11
204.14
34.C2
68.05
136.C5S
204.14

FUGACITY CZEFFICIENTS
METHANE ~ BUTANE (SUPERKHEATEC)

FUGACITY CgEFF. 1

X1 CALC EXP PCT DEV
0.894 0.969 0.964 ~0.503
0.912 0.948 C.934 ~1.457
0.912 0.895 C.865 ~3.958
0.912 C.796 €.739 -7.670
0.970 0.954 C.941 -1.434
0.97¢0 C.5C3 C.BBY -2.478
0.970 0.87C 0.838 -3.808
0.970 0.8C6 C.765 -5.301
C.970 0.783 C.T736 -5.951
0.845 ¢.981 €.98C -0.053
0.894 0.%41 C.920 -2.336
0.894% C.B93 C.B41 ~6.176
0.894 C.85¢C C.786 ~8.C81
0.912 0.966 €.953 -1.401
0.912 0.936 C.9C9 -2.942
0.912 0.884 C.834 -6.034
C.912 0.841 €.782 -7.507
0.970 0.95¢ C.942 -1.523
0.970 C.S1C €.886 ~2.762
0.870 0.841 C.805 ~4.505
0.970 C.821 C.784 ~4.736
Q.845 c.981 C.971 -1.002
0.845 c.968 C.944 -2.540
0.845 C.94¢C 0.885 -6.25%
0.845 €.91C C.84C -8.309
0.894 0.969 C.958 -1.155
C.894 C.942 C.915 -2.937
0.894 0.882 0.825 ~6.945
0.912 0.972 C.962 -1.032
0.912 0.548 C.926 -2.381
0.912 0.873 0.821 ~6.321
0.970 0.95% €.939 -1.701
0.970 0.917 C.892 -2.800

. 0.970 0.853 0.823 -3.679
0.845 0.981 0.968 -1.334
0.845 0.972 C.948 ~2.582
0.845 0.952 0.907 -5.016
0.845 0.932 0.875 -6.474
C.894 0.974 0.964 -1.089
0.894 0.953 0.928 =2.T40
0.894 0.915 C.873 -4.759
0.894 0.902 C.858 ~5.083
6.912 0.878 C.969 ~0.880
0.912 0.96C 0.939 -2.231
0.912 0.925 c.888 ~4.160
0.912 0.893 0.853 ~4.745

FUGACITY CgEFF. 2

CALC
0.711
0.567
0.309
0.094
0.698
0.459
0.320
0.167
0.135
0.728
0.455
0.228
0.134
0.705
0.472
0.244
O.147
0.4684
0.452
0.235
0.196
0.702
0.482
0.254
0.157
0.673
0.447
0.194
0.752
0.543
0.209
0.637
0.465
0.261
0.689
0.548
0.325
0.216
0.724
0.513
0.296
0.255
0.789
0.602
0.387
0.272

EXP
0.497
G.395
C.208
0.062
0.519
G.295
¢.180
0.083
C.063
€505
€.278
C.130
0.080
0.526
C.312
C.142
c.084
C.488
0.255
0.103
c.081
C.516
0.311
C.152
0.098
C.493
0.282
6.115
C.566
0.355
C.115
C.418
C.235
C.104
0.499
€.351
C.185
0.120
0.515
C.315
C.169
C.142
0.580
c.387
c.218
C.147

PCY DEV
-42.967
-43.433
—48.734
-51.872
=34,486
-55.548
-T17.998
101.342
114.3CC
—44,183
-63.692
-75.029
—61.5172
-34,C47
~51.256
-71.931
-74.428
-40.219
=77.315
127.1713
141.534
-36.C50
-55.109
~67.245
~59.992
-36.510
~58.490C
~68.910
-32.931
-53.€35
-81.388
—52.498
~97.836
150,797
-38.135
-56.C41
-75.428
-80.123
-40.548
-62.729
-75.292
-79.412
-36.003
~55.468
-77.558
-84.821

L9



PT. AE.
822
825
828
833
836
" 839
841
846
849
851
853
86C
863
B65
869
873
877
BB6
889
895
899
ScCi
907
S13
921
925
932
937
S43
546
949
8§55
$59
8561
S€6
970
973
978
986
950
881

1005
1008
1018
1023
1028

TE¥P. K
344.27
344.21
344,217
346C.94
36C.94
36C.94
36C.%4
36C.94
36C.94
36C.94
360.94
36C.94
36C.94
36C.94
36C.94
36C.94
36C.94
377.6C
3717.6C
377.6C
377.6C
377.6C
377.6C
377.6C
3717.6C
377.6C
394.27
3%4.27
394.21
394.27
394.27
394,27
394.27
394,27
394.217
394.27
394.27
310.94
327.60C
344.27
344,27

T 344.27
344,21
36C.94
36C.94
360.94

TABLE eNE

SYSTEM

PRESS. ATM
40.83
85.C¢

170.11
34,02
68.C5

136.C5

204.14
40.83
85.C6

136.CS

204.14
68.C5

136.¢9

204.14
34.C2
85.C6

204.14

102.C7

204.14
S4.44

136.09

204.14
54.44

204.14
85.C6

204.14
68.05

204.14
S4.44

102.C7

204.14
S4.44

136.€9

204.14
40.83

102.C7

204.14
20.43
34.C2
25.8C
34.C2
85.C¢

170.11
34.C2
68.05

204.14

METHANE - BUTANE

X1
¢.970
0.970
0.970
0.845
0. 845
0.845
0.845
0.894
C.894
0.894
0.894
0.912
C.912
0.912
0.970
0.970
0.970
0.845
0.845
0.894
0.894
0.894
0.912
0.912
C.970
0.970
C.845
0.845
0.894
0.894
0.894
0.912
0.912
g.912
0.970
0.970
0.970
0.784
0.784
C.608
0.707
0.784
0.784
0.6C8
0.707
0.707

FUGACITY CEEFF.

CALC
0.973
0.946
0.897
0.985
0.976
0.962
C.945
0.98C
0.564
0.945
0.92¢C
0.97C
0.941
0.916
0.982
0.959
C.911
0.978
0.955%
0.982
C.958
€.939
0.981
C.93¢6
0.971
0.932
0.991
0.968
0.588
0.579
0.958
0.988
0.969

955
0.955

0.88C
0.371
0.9417
c.985
0.994
1.021
1.01cC
0.997
0.586
1.034
1.037
1.057

{SUPERHEATEL)
1

EXP PCT DEV
€.962 ~1.168
€.925  -2.217
c.871 ~2.980
£.976 -0.949
€.955 -2.473
€.923  -4.246
€.9C2  -4.712
€.97C  -1.C17
Ce.941} —-2.469
c.913 ~3.458
c.88¢ -3.841
€.950 ~ -2.071
c.9ce -3.614
0.881 -3.917
€.974 -0.815
€.933  ~2.170
€.885 -2.896
C.948 -3.204
€.925 -3.216
€.986 0.407
€.929 -3.148
€.91C " ~3.219
€.967 -1.465
€.905 -3.459
€.95¢C -2.255
€.9C9 -2.507
€.969 ~2.262
0.936 -3.402
€.973  -1.518
€.954  -2.626
0.930 ~2.969
©.973  -1.530
€.941 ~2.967
€.526  -3.101
€.98C 1c.213
€.955  ~1.689
C.930  -1.782
©.991 0.601
0.98¢C -1.436
1.002  -1.892
€.99¢C ~2.064
€.964 ~3.458
€.936 -5.345
1.006 -2.787
€.99¢C ~4.713
€.967  -9.299

FUGACITY CZEFFICIENTS

FUGACITY CBEFF, 2

CALC
0.764
0.581
0.374
0.789
0.6C5
0.391
0.277
0.764
0.572
G.434
0.318
0.654
0.451
0.335
0.841
0.634
0.388
0.537
0.338
0.727
0.496
0.381
0.736
04395
0.684
0.440
0.70C
0.399
0.760
0.625
0.438
0.767
0.562
G.450
0.750
0.681
0.484
0.795
0.658
0.736
0.675
0.416
0.204
0.685
0.501
0.185

€.532
€.322
C.163
€.592
€.400
C.230
C.158
€.554
C.359
C.253
0.180
0.422
C.258
C.184
€.609
€.355
c.168
C.346
0.198
C.515
€.300
0.224
C.514
€.223
C.394
€.206
(493
C.244
€.551
0.399
0.267
0.547
0.344
C.265
0.611
C.388
0.246
0.583
0.488
C.593
0.517
0.246
C.114
0.550
C.333
0.107

PCT DEV
-43.555
-8C.309
129.185
-33,333
-51.211
-6%.867
-75.234%
-37.868
~59.267
~71l.452
~76.568
~54.947
-T4.951
-82.217
-38.162
-78.459
131.248
~-55.21¢
~70.718
-41.107
-65.22C
-70.164
~43.167
~77.344
-73.578
113.830
~41.892
~-63.667
-37.916
-56.61%4
-64.060
-40.205
-63.380
-69.728
-22.674
-75.488
-96.646
-36.404
~34.908
~24.10C5
-30.616
-68.94%
-79.308
—24.555
-50.600
-73.067




TABLE gNE FUGACITY CREFFICIENTS
SYSTENM METHANE =~ BUTANE (SUPERKEATEL)

: FUGACITY C2EFF. 1 FUGACITY CREFF., 2
PT. NE. TENP. K PRESS. ATM X1 CALC EXP PCT CEV CALC EXp PCT DEV

104C 36C.94 204.14 0.784 0.989 0.928 ~6.614 0.231 C.133 ~73.887
1041 3717.6C 25.13¢ c.287 1.162 1.03s -11.876 0.721 C.656 ~9.856
1044 377.6C 40.15 0.475 1.112 1.06¢8 -4.149 0.610 0.517 -18.€37
1053 377.6¢C 102.c7 0.608 1.148 1.095 -4.846 0.362 0.249 -45.314
1055 377.6C 204.14 C.608 1.171 1.053 ~11.234 0.194 0.142 —~36.925
T T 1062 1 377.60 204.14 0.707 1.06¢€ C.566 -10.397 G.242 C.155 -56.217 T

1069 377.60 204.14 0.784 €.997 C.941 -5.954 0.294 C.172 —-7C. 706
1C71 394.27 27.22 0.287 1.14C 1.032 ~10.504 0.740 0.668 ~10.838
WEF At

UNLZAC At

REMARK END £F RUN

END 2F FILE
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1C, K

278.65
278.43
254435
206.32
218.42
231.92
278.42
254,35
231.92
278.43
254.35
278465
278.42
231.62
206.32
278.43
206.32
278.43
254,35
2C6.32
278443
278.65
206.32
278.43
254.35
206.32
278,43
254,35
2€6.32
278.43
254.35
2C6.32
278.43
254,35
243,4¢
243.4¢
243.46
222.26
222.2¢
203.89
203.85
203.89
270.44
270.44
270.44
27C.44

PC., ATK,

€6.82
66717
60.93
49.46
€6.77
55.61
66,77
60.99
55.61
€6.77
60.99
66,82
€6.77
55.61
49.46
&6.77
49.46
66.77
€0.99
49,46
66.T7
66.82
49.46
66.77
60499
49.46
66.77
€0.99
49.46
66.77
60.99
49.46
66.77
60.99
47.86
47.86
47.86
47.25
47.25
46.49
46449
46.49
48,27
48.27
48,27
48.27

TABLE TwWg

X1

C.204
€.204
C.406
C.847
C.204
C.6C5
€.204
C.4C6
C.6C5
C.204
C.4C6
C.204
C.204
€.605
C.847
C.2C4
C.847
C.204
C.4C6
C.847
C.204
€.204
€.847
C.204
C.4C6
C.847
C.2C4
€.4C6
C.B847
C.204
C.406
C.847

©C.204

C.406
C.556
€.556
C.556
c.738
€.738
€.893
C.893
€.893
C.319
€.319
0.319
C.319

TR

1.23¢6
1.23¢
1.354
1.669
1.236
1.484
1.236
1.354
1.484
1.236
1.354
1.493
1.494
1.793
2.01¢
1.494
2.016
l.494
1.635
2.016
1.494
1.116
1.507
1.117
1.222
1.507
1.117
1.222
1.507
1.117
1.222
1.507
1.117
1.222
1.209
1.2¢C9
1.2¢9
1.324
1.324
1.443
1.443
1.443
1.15¢
1.15¢C
1.150
1.150

PR

1.4587
2.995
3.219
4.043
4.493
5.395
5.991
6.558
7.193
7.489
8.1%8
1.497
2.995
3.597
4.043
4.4893
6.C65
5.991
6.558
8.C87
T1.489
1.497
2.022
2.555
3,219
4.043
4.493
4.919
6.C65
5.991
6.558
8.Cc87
1.489
8.198
2.843
3.509
4.976
3.6C0
4.680
2.928
4.C25
5.123
2.114
2.819
3.876
4.933

PROPERTIES ¢F MIXTURES

z

0.717
0.632
0.741
0.876
0.68C
0.864
0.804
0.887
0.562
0.935
1.C07
0.886
0.830
0.913
C.954
0.831
C.596
0.891
0.956
1.C74
0.681
0.534
0.855
C.50C
C.62C
0.819
0.622
0.707
C.90¢C
0.772
0.85¢C
1.c2¢C
0.921
0.595
C.601
0.617
0.7C6
C.714
C.751
c.807
0.787
0.838
0.493
0.529
0.582
0.&78

{F/P)IM

0.781
0.628
0.708
0.842
0.529
0.726
0.484
0.598
0.705
0.472
0.589
0.894
0.812
0.897
0.935
0.753
0.923
0.718
0.784
0.930
0.711
0.679
0.866
0.495
0.591
0.772
0.393
0.502
0.726
0.354
0.465
0.717
0.344
0.454
0.617
0.524
0.487
0.662
0.613
0.791
0.730
0.703
0.615
0.551
0.456
0.418

H

2.584
4.671
3.900
2.569
5.918
4.019
6.349
5.325
4.333

6.447"

S.444
1.445
2.709
1.941
1.751
3.673
2.262
4.175
3.426
2.514
4.318
3.7713
1.844
6.137
5.093
3.391
1.256
6.150
4,U51
7.550
6.488
4.242
7.580
6.572
4.673
5.862
6.231
4.415
5.050
2.902
3.847
4.218
4.536
5.318
6.491
6.843

PSI 1

0.268
0.537
0.322
0.049
0.731
0.229
0.837
0.505

267
0.396
0.550
0.130
0.760
0.085
0.030
0.374
0.062
0.455
0.274
0.953
0.503
0.430
0.036
0.794
0.465
0.072
1.013
0.606
0.095
1.112
0.682
0.109
1.169
0.731
0.400
0.504
0.539
0.226
0.260
0.061
0.081
0.090
0.554
0.652
0.798
0.842

PSI 2

~0.069
-0.138
-0.220
~0.273
-0.187
-0.351
~0.214
-0.345
-C.409
-0.230
~0.376
-0.033
-0.067
~0.131

‘-0.164

-0.C96
-0.235
-0.116
~0.187
-0.294
~0.129
-0.110
-0.197
-0.2C3
-0.318
-0.398
-0.260
-C.414
-0.525
-0.285
~0.466
~0.6C2
-0.300
-0.500
-0.501
-0.631
-0.675
-0.637
-0.733
-0.508
-0.678
-0.751
-0.260
-0.3C5
-0.374
-0.395

0L



PT

135
138
141
149
152
155
164
167
169
181
193
196
206
2Cs
211
223
225
236
238
248
251
253
261
264
267
219
281
295
306
309
320
323
332
335
337
346
349
351
361
364
371
374
3178
380
352
394

TCy K

243.4¢
243 ¢¢
243 .u.
222.2¢
222.2¢
222.2¢
203.86
203.85
203.89
27C 44
243,46
243,46
222.26
222.2¢
222.2¢
203.86
203.89
27C.44
27C.44
243.4¢
243.4¢
243.4¢6
222.2¢
222.26
222.26
203.89
203.85%
27C.44
243.46
2454717
222.2¢
222.26
203.89
203.88
203.89
270.44
27C.44
270.44
243.4¢
243,46
222.2¢
222.2¢
222.26
222.26
203.89
203.89

PC, ATM.

47.86
47.86
47.86
47.25
47.25
47.25
46.43
46.49
46.49
48.27
47.86
47.86
47.25
47.25
47.25
46.49
46.49
48.27
48.27
47.86
47.86
47.86
47.25
47.25
47.25
46.49
46.49
48.27
47.86
47.91
47.25
4T1.25
46.49
46449
46.49
48.27
48.27
48,27
47.86
47.86
47.25
47.25
47.25
47.25
46.49
46.49

TABLE Tw2

X1

€C.556
€.556
C.556
C.738
C.738
c.738
C.893
€.893
€.893
C.319
€.556
C.556
C.738
C.738
€.738
c.893
€.893
€.319
C.319
€.556
C.556
C.556
C.738
C.738
€.738
€.893
€.893
C.319
C.556
€.536
c.738
c.738
C.893
c.893
C.893
C.319
c.319
C.319
0.556
C.556
C.738
C.738
0.738
c.738
C.893
c.893

IR

1.277
1.277
1.277
1.399
1.369
1.399
1.525
1.525
1.525
1.211
1.346
1.346
1.474
1.474
1.474
1.6C7
1.607
1.273
1.273
1.414
1.414
l.414
1.549
1.549
1.549
1.688
1.688
1.335
1.483
1.469
1.624
1.624
1.770
1.77¢C
1.77¢
1.396
1.396
1.396
1.551
1.551
1.699
1.699
1.699
1.699
1.852
1.852

PR

2.843
3.9C9
4.976
2.880
3.960
5.040
3.293
4.391
5.123
4.229
3.554
4.620
3.240
4.320
5.04C
4.351
5.123
3,876
4.933
3.9C9
44265
4.9176
2.880
3.960
5.040
4.391
5.123
4.933
3.9C9
4.971
3.960
5.040
3.293
4.391
5.123
3.171
4.229
4,933
3.554
4.620
2.160
3.240
4.320
5.040
4.391
5.123

PRZPERTIES @F MIXTURES

1

0.680
0.672
C.743
0.1785
C.765
0.816
C.£38
0.839
0.867
C.641
C.731
C.761
0.816
0.815
0.846
C.€68
0.892
0.669
C.738
0.773
0.785
0.819
0.855
0.834
0.872
0.892
0.513
0.773
0.807
0.841
0.862
0.894
0.512
0.913
0.932
0.777
0.7713
C.809
0.843
0.857
0.913
0.896
0.893
0.914
0.931
C.949

{F/PIM

0.679
0.594
0.557
0.770
0.703
0.673
0.814
0.772
0.755
0.512
0.683
0.634
0.791
0.744
0.727
0.809
0.792
0.593
0.554
0.716
0.704
0.686&
0.841
0.794
0.768
0.844
0.832
0.615
0.762
0.725
0.826
0.8C2
0.899
0.875
0.865
0.750
0.692
0.673
0.813
0.779
0.916
0.880
0.850
0.838
0.900
0.892

H

4.026
5.175
5.574
3.125
4.141
4.532
2.740
3.399
3.642
6.009
4.197
4.851
2.981
3,716
3.958
2.952
3.189
5.189
5.609
3.984
4.157
4,398
2.339
3.110
3.482
2.587
2.819
5.053
3.473
3.979
2.1726
3.086
1.858
2.319
2.542
3.428
4.289
4.528
2.814
3.335
l.442
2.015
2.520
2.747
2.117
2.326

PSI 1

0.326
0.421
0.456
0.151
0.201
0.222
0.054
0.068
0.074
0.701
0.1324
0.376
0.137
0.172
0.184
0.056
O.061
0.575
0.623
0.293
0.306
0.325
0.102
0.136
0.154
0.047
0.051
0.536
0.243
0.293
0.114
0.130
0.032
0.04C
0.044
0.346
0.434
0.459
0.i88
0.224
0.057
0.080
0.101
0.111
0.035
0.039

PSI 2

-0.4C8
-0.527
~0.571
~0.425
-0.566
-0.625
-0.455
~0.569
-0.614
-0.328
~044C5
-0.471
~0.385
~0.483
-0.518
-0.469
-0.510
-0.270
-0.292
~0.367
-0.383
~0.407
-0.287
-0.384
-0.433
-0.391
-0.430
-0.251
-0.305
-0.338
~0.321
-0.367
-0.266
~0.335
-0.370
-0.162
~0.203
-0.215
-0.236
-0.281
-0.161
-0.226
~0.285
-0.312

-0.293

-0.325




PT

4C3
4C6
4c8
417
420
422
429
432
435
447
450
452
453
454
455
456
457
458
460
461
462
463
464
465
466
467
469
472
474
4176
478
480
481
482
484
485
487
489
491
452
493
495
496
497
499
5C0

W, X

27C .44
27C .44
270 .44
243.4¢
243.46
243 .46
222.26
222.2¢
222.2¢
203.89
203,86
342.61
336.24
331.89
328.173
326.38
324.46
322.98
319.45
318.6C
316.71
313.8C
312.98
314.45
312.81
313.45
395.69
265.52
353,50
346.6C
34C.99
339.25
338.78
338.692
346.21
338.7C
406.79
392.517
282.51
215.87
372.01
367.45
366432
367.2¢
423,48
418.34

PCy ATHK,

48,27
48.27
48.27
47.86
47.86
47.86
47.25
47.25
47.25
46449
46.49
57435
59.59
61.15
62.34
€3.27
64,08
64.76
66.82
£7.52
€B.47
69.59
€9.89
€9.36
69.94
69.71
43.39
50.74
54.27
56.70
59.67
61.20
61.39
60.98
57.84
61.38
40.50
44,39
47.17
49.43
51.04
52.66
52.50
51.80
37.85
39.06

TABLE Twi

X1

C.319
C.319
C.319
€.556
0.556
C.556
C.738
C.738
C.738
c.893
C.893
C.286
C.235
€.202
C.178
C.160
C.l145
C.133
C.100
€.090
C.075
C.056
C.051
C.060
C.050
C.054
C.723
C.464
€365
C.306
C.2486
c.220
C.216
C.222
c.287
C.216
€.850
c.687
€.583
€.520
C.476
C.432
C.432
C.448
c.981
C.923

TR

1.458
1.458
1.458
1.619
1.619
1.619
1.774
1.774
1.774
1.934
1.934
0.907
0.925
0.937
0.946
0.953
0.958
0.963
0.973
0.976
0.982
0.991
0.993
0.989
0.994
0.992
0.870
0.942
0.974
0.993
1.01¢C
1.015
l.016
1.016
0.994
1.016
0.921
0.962
0.987
1.005
1.015
1.028
1.031
1.028
0.982
0.994

PR

3.1
4.229
4.933
3.199
4,265
4.976
2.520
3.600
4.68C
4.C25
5.123
€.237
0.285
0.334
0.382
€.430
0.478
€.525
0.713
c.8Cé6
0.894
0.9178
1.022
1.074
1.Cc28
1.C67
0.274
0.4C2
0.5C2
0.6C0
0.798
1.001
1.1c8
1.227
1.393
1.131
0.5C4
0.613
c.721
0.826
0.933
1.163
1.296
1.379
0.8C9
0.871

PRAPERTIES E2F MIXTURES

z

C.809
0.804
0.835
0.873
0.868
c.891
0.524
0.909
0.621
0.94C
0.964
0.872
0.854
0.836
0.817
C.795
C.774
0.751
0.639
0.555
0.445
C.211
0.195
C.209
0.204
0.216
C.e15
0.803
C.776
0.1749
C.662
0.466
0.328
0.274
0.237
0.319
g.711
0.694
0.665
0.622
0.548
0.387
0.337
0.294
0.576
0.533

{F/PIM

0.785
0.73%
0.718
0.854
0.817
0.801
0.922
0.892
0.872
0.923
0.914
0.908
0.894
0.878
0.863
0.846
0.831
0.815
0.754
0.721
0.690
0.661
0.645
0.612
0.644
0.622
0.857
0.852
0.832
0.810
0.758
0.69%
0.656
0.607
0.508
0.646
0.791
0.780
0.763
0.743
0.718
0.655
0.618
0.585
0.726
0.716

3.034
3.816
4.053
2.277
2.858
3.088
1.476
1.997
2.396
1.866
2.159
0.128
0.842
0.979
1.112
1.254
1.397
1.554
2.393
3.064
3.960
6.308
6.781
7.388
6.749
7.143
0.848
1.201
1.399
1.646
2.406
3.973
5.931
6.687
8.125
64055
1.743
1.948
2.283
2.648
3.255
5.254
5.978
6.726
2.980
3.230

PSI 1

0.294

0.370

0.393

0.146

0.184

0.199

0.056

0.076

0.092

0.030

0.035
-0.177
~0.224
-0.272
-0.321
-0.31712
-0.425
-0.482
~0.790
-1.036
~1.1383
-2.232
-2.392
~2.489
-2.381
-2.451
-0.067
-0.184
-0.263
-0.343
-0.556
-0.966
-1.382
-1.5t1
-1.53¢0
-1.407
~0.060
-0.146
-0.227
-0.314
-0.426
-0.720
-0.308
-0.461
-0.010
-0.047

PSI 2

-0.137
~0.173
~0.184
-0.183
~0.230
~0.249
-0.159
~0.215
-0.260
-0.247
-0.290
0.071
0.069
0.069
0.069
0.071
0.072
0.074
0.088
c.1c2
c.112
0.132
0.129
0.159
0.125
0.140
0.175
0.159
0.151
0.151
0.181
0.273
0.381
0.431
0.616
O.388
0.339
0.320
0.325
0.340
C.387
0.548
0.614
0.699
0.538
0.563

44

Yttt



PY

5¢1
5¢3
504
5CS
506
507
508
509
510
511
512
514
. 518
516
517
518
519
522
523
524
526
527
528
530
531
532
534
535
536
537
538
539
541
542
543
544
546
547
548
550
552
553
554
555
556
557

ICr» K

414.17
408.11
4C6.22
406.38
407.87
405.52
2271.C8
218.81
215.52
216444
213,55
209.59
211.28
213.58
218.34
226.CC
25C.43
252.4C
245.13
242.94
227.¢8
227.33
229.31
235G .4¢
252.9%
268.13
315.7¢6
299.12
288.15
269.91
258.76
257.12
270.62
275.57
295.91
456 .88
373.4C
336485
321.27
305.7¢C
343,4C
451.71
415.32
387.22
389.51
400.15

TABLE Thp

PC, ATM,

40.10
41.68
42.13
41.98
41,55
42.17
45.42
45,66
45.97
46.94
46.56
45.69
45,67
45.63
45.57
45.43
44,80
44.95
45.68
47.45
45454
45.40
45.36
45.11
46,72
44.20
42.49
44,12
46.90
45.92
44 .67
44459
44,11
43.92
43,07
34.12
40.41
44 .66
43.23
42.63
40.74
34,87
38.34
38.72
38.17
37.55

X1

C.87¢
C.809
C.790
C.795
c.812
c.788
C.894
C.92¢0
€.932
C.943
C.946
C.946
C.341
€.933
C.%920
€.897
c.822
C.819
C.849
C.879
C.8394
€.893
€.887
C.856
C.814
C.766
C.614
C.685
Ca157
C.788
C.798
C.8C1
C.758
Ce742
C.675
c.Cs8
C.429
C.6C2
C.614
C.642
€.510
C.C94
C.279
C.356
€.337
€.295

PRPPERTIES @F MIXTURES

TR

1.004
1.019
1.024
1.024
1.02¢
1.025
1.369
1.421
1.44C
1.437
1.456
1.484
1.472
1.453
1.424
1.376
1.242
1.364
1.4C4
1.417
1.512
1.514
1.5C1
1.438
1.361
1.284
1.196
1.262
1.31¢
1.399
1.459
1.469
1.395
1.370
1.276
0.91¢
1.114
1.235
1.295
1.361
1.211
0.984
1.07¢C
1.147
1.141
1.11¢C

PR

0.933
1.C61
1.130
1.216
1.242
1.168
0.300
Ca4a?
C.592
0.870
1.169
1.862
2.238
2.6C9
2.987
3.370
3.729
0.454
0.596
c.861
1.434
1.874
2.253
3.017
3.424
3.599
C.480
0.617
c.871
1.185
1.523
1.9C8
2.7C0
3.099
3.288
0.359
0.674
0.914
1.259
1.995
2.689
0.781
1.C65
1.4C6
1.783
1.858

z

0.476
0.426
0.385
0.320
0.291
0.360
0.969
0.558
0.645
0.925
0.5900
0.857
0.835
0.818
C.796
0.758
0.642
0.949
0.940
0.921
0.893
C.869
0.849
0.802
0.745
0.680
0.909
0.903
0.884
0.878
0.871
0.845
0.785
0.1758
0.675
0.774
0.824
0.836
0.815
0.769
0.600
0.606
0.618
0.626
0.501
C.431

(F/piM

0.704
0.678
0.660
0.627
0.610
0.647
0.974
0.965
0.954
0.931
0.910
0.868
0.842
0.813
C.777
0.721
0.573
0.958
0.949
0.928
0.900
0.877
0.853
0.783
0.705
0.625
0.925
0.520
0.899
0.895
0.883
0.859
0.779
0.734
0.642
0.829
0.859
0.867
0.846
0.801
0.632
0.736
0.887
0.727
0.650
0.598

H

3.749
4.880
5.346
6.047
6.510
5.583
0.225
0.315
0.456
0.783
1.154
1.814
2.165
2.575
3.075%
3.775
5.351
0.377
0.501
0.812
1.349
1.723
2.041
3.026
3.956
4.798
0.632
0.794
1.035
1.337
1.547
1.923
3.000
3.571
4.557
1.411
1.240
1.361
1.717
2.564
4.562
2.7717
3.000
3.074
4.251
5.009

PSI 1

-0.088
-0.170
-0.205
~0.226
-0.219
-0.217
0.013
0.014
¢.018
0.030
0.04C
0.054
0.071
0.095
0.135
0.212
0.507
0.034
0.039
0.056
C.072
0.091
0.114
0.213
0.354
0.531
0.106
0.111
0.120
0.133
0.139
0.169
0.314
0.1396
0.622
0.450
0.262
0.214
C.267
0.353
0.820
0.737
0.666
0.666
0.947
1.165

pPSI 2

0.622

0.719

0.772

0.876

0.948

0.807
~0.112
-0.163
~0.247
~0.492
-0.696
-0.953
-1.130
~1.328
-1.556
-1.848
-2.343
-0.155
-0.219
-0.4C9
-0.605
-0.762
-0.894
~1l.264
~1.548
-1.739
-0.169
-0.242
-0.375
~0.493
-0.548
-0.680
-0.985
~l.138
-1.293
-0.028
~0.197
-0.323
-0.425
~0.634
~0.853
~0.077
-0.258
~-0.368
-0.481
-0.487

1

€l



PT

559
561
563
565
568
579
582
584
587
591
598
599
602
605
€07
609
612
613
614
620
622
624
628
630
631
637
640
644
657
658
659
664
666
670
675
678
682
686
689
691
693
694
697
7C4
107
109

TCe K

242.64
222.92
222.58
213.5C
216.02
25C.02
236.86
224.11
227.8C
235.13
276.86
263.94
246.35
237.84
24C.98
248,51
263.C9
289.65
390.7C
266.22
255.4¢
256.98
274.63
291.1C
403.22
277.92
292.5¢
306.94
325.17
399.31
378.17C
339.29
350.45
221.6¢
220.9¢
215.21
215.21
200.64
199.56
199.37
199.37
199.37
235.34
220.6C
220.05
220.05

PCe ATV,

45,57
46,69
47.15
45.99
45.88
45,55
47.42
45.94
45.78
45.67
44.86
45.13
46.82
45.64
45.58
45.43
45.08
44.23
39.44
46.44
45.28
45,24
44,74
44,17
38.75
44,74
44,12
43.56
42.77
39.34
41.33
42.11
41.57
46.19
47.11
45.88
45.88
46.16
45.92
45.87
45.87
45.87
46.15
45.97
45.85
45,85

TABLE Two

X1

€.8C9
C.898
€.907
C.520
C.309
c.783
C.862
c.881
£.865
€.835
c.678
C.739
C.819
C.827
c.815
C.786
€.729
C.622
C.172
C.745
C.759
C.753
C.683
C.b616
C.l11
C.672
C.61C
C.550
C.472
C.142
C.265
C.4l0
€.36C
C.894
C.912
C.912
C.912
€.970
C.970
€.970
0.5170
C.970
C.845
C.894
C.894
C.894

TR

1.213
1.32¢C
1.322
1.378
1.362
1.244
1.313
1.387
1.365
1.319
1.183
1.241
1.33¢C
1.377
1.359
1.318
1.245
1.131
0.881
1.293
1.348
1.34¢C
1.254
1.183
0.895
1.299
1.234
1.176
1.161
0.987
1.041
1.162
1.125
1.328
1.332
1.367
1.367
1.467
1.474
1.476
1.476
1.476
1.321
l.41C
1.413
1.413

PR

C.299
C.729
0.866
1.480
2.C16
0.448
€.861
1.481
2.C81
2.6C7
0.455
C.595
1.163
1.864
2.242
2.546
2.793
2.886
0.259
l.172
1.8C4
2.106
2.662
2.788
C.351
1.521
2.159
2.653
2.418
0.692
c.823
1.939
2.C69
0.589
0.867
1.854
4449
0.1737
1.482
2.225
3.7C8
4.450
0.5%0
1.480
2.968
4.452

PRBPERTIES BF MIXTLRES

b4

0.949
0.504
0.889
0.836
C.770
0.527
0.886
0.841
0.772
0.725
0.51C
0.501
0.848
0.797
0.764
0.725
0.642
0.509
0.837
0.828
0.780
€.750
0.652
0.570
C.792
0.779
0.624
0.557
0.525
0.6488
g.700
0.520
Q.447
C.925
0.892
0.730
0.765
0.941
0.880
0.837
0.808
0.822
0.924
0.853
C.791
0.793

{F/PIM

0.961
0.920
0.903
0.859
0.797
0.940
0.901
0.863
0.799
0.731
0.929
0.919
0.872
0.823
0.784
0.735
0.654
0.523
0.877
0.857
0.812
0.781
0.672
0.594
0.844
0.817
0.697
0.597
0.599
0.775
0.779
0.6647
0.588
0.938
0.906
0.819
0.659
0.946
0.891
0.844
0.768
0.743
0.936
0.872
0.772
0.699

H

0.311
0.875
0.981
1.753
2.600
0.489
0.996
1.721
2.592
3.432
0.586
0.759
1.486
2.265
2.791
3.379
4.295
5.696
0.790
1.616
2.337
2.788
4.079
4.932
1.185
2.181
3.724
4.870
4.798
2.083
2.158
4.195
4.993
0.646
0.964
2.296
4.604
0.604
1.431
2.130
3.350
3.741
0.662
1.638
3.125
4.2217

PSI 1

0.028
0.045
0.049
0.066
g.11¢0
C.047
0.067
0.091
G.153
0.245
0.077
0.083
0.118
0.161
0.212
0.294
0.467
0.842
0.237
0.167
0.218
0.266
0.490
0.706
0.351
0.261
0.521
0.769
0.839
0.520
0.463
0.784
0.996
0.033
0.045
0.094
0.188
0.009
0.021
0.030
0.047
0.053
0.046
0.077
0.145
0.196

PST 2

-0.117
-0.397
-0.473
-0.761
-1.C97
-0.168
-0.421
-0.671
-0.978
-1.241
~0.163
~0.234
-0.536
-0.771
-0.932
-1.081
-1.257
-1.386
-0.049
-0.487
-0.687
-0.810
-1.05%
-1.132
~0.C44
-0.534
-0.814
-0.940
-0.750
-0.086
-0.167
-0.545
-0.560
-0.277
~0.469
-0.973
-1.946
~0.30C4
-0.663
-0.969
-1.526
-1.705
-0.251
-0.650
-1.222
-1.651




PY

113
716
719
121
126
129
132
733
737
740
743
745
150
753
157
761
164
169
175
1718
181
186
788
791
793
798
8C1
8C4
8C5
ac9
812
815
a17
822
825
828
833
83¢
839
841
846
849
851
853
860
863

1C, K

218.68
215.7C
215.21
215.21
201.54
199.37
199.37
199.37
238.72
233.74
233.1C
233.10
226477
220.0€
220.05
218.68
215.7C
215.21
201.c1
199.317
199.37
242.1C
233.74
233.1C
233.1C
226.117
220.C€
220.05
220.05
218.68
215.70
215.21
215.21
201.54
199.37
199.37
238.72
233,74
233,1C
233.1¢C
226.717
220.0¢
220.05
220.05
215.7C
215.21

PCy ATVM.

46.62
45.99
45.88
45.88
46.37
45.87
45.87
45.87
46.81
45.83
45.71
45.71
47.25
45.85
45.85
46.62
45.99
45.88
46,25
45.87
45.87
47.47
45.83
45,71
45,71
47.25
45.85
45.85
45.85
46462
45.99
45.88
45.88
46437
45.87
45.87
46.81
45.83
45.71
45.71
47.25
45.85
45.85
45.85
45.99
45.88

TABLE Twe

X1

C.912
C.912
C.912
C.912
€.970
C.970
C.970
€.3170
C.845
€.845
C.845
C.845
C.854
C.854
€.894
€.912
C.912
C.912
C.970
C.970
€.970
C.845
C.845
CeB45
C.B845
C.894
C.864
C.854
C.894
c.912
C.912
C.912
C.912
c.970
C.970
c.970
C.845
C.845
0.845
C.845
C.894
C.8%4
C.894
C.894
C.912
c.912

TR

1.422
1.442
1.445
1.445
1.543
1.56¢C
1.56C
1.560C
1.372
1.4C2
1.4C5
1.4C5
1.445
1.489
1.489
1.498
1.519
1.522
1.63C
1.643
1.643
1.422
1.473
1.477
1.477
1.518
1.564
1.564
1.564
1.574
1.596
1.60C
1.6C0
1.7Cc8
1.727
1.727
1.512
1.544
1.548
1.548
1.592
1.64C
1.640
1.64C
1.673
1.677

PR

c.730
1.480
2.966
4.449
0.881
1.854
3.7¢C8
4.450
0.727
1.485
2.577
4,466
C.B&4
1.855
4.452
C.730
1.480
4.449
1.177
2.225
4.450
0.860
1.485
2.917
4.466
0.864
1.855
3.710
4.452
€.730
1.480
2.966
4.449
0.881
1.854
3.708
¢.727
1.485
2.977
4.466
0.864
1.855
2.968
4.452
1.480
2.966

PREPERTIES £2F MIXTURES

b4

0.932
0.867
C.e017
C.807
0.948
c.887
C.843
0.854
0.919
0.€5C
C.787
0.790
0.928
0.860
0.827
0.648
0.896
0.84C
0.942
0.897
0.881
C.522
0.879
0.823
c.823
0.545
0.888
0.845
0.856
C.96C
0.920
0.872
C.668
c.970
0.931
0.896
0.950
0.%04
0.852
0.85C
0.957
0.911
0.884
0.880
0.936
0.894

(F/P)K

0.940
0.881
0.790
0.721
0.947
0.892
0.3810
O.787
0.931
0.869
0.768
0.693
0.932
0.870
0.752
0.950
0.903
0.770
0.943
0.898
0.823

0.929

0.890
0.806
0.743
0.944
0.893
0.812
0.789
0.959
0.921
0.857
0.805
0.966
0.932
0.874
0.952
0.908
0.837
0.781
0.954
0.912
C.870
0.822
0.937
0.882

H

0.657
1.536
2.931
3.982
0.636
1.577
2.874
3.226
0.752
1.672
3.183
4.294
0.767
1.792
3.650
0.561
1.316
3.438
0.836
1.612
2.808
0.803
1.449
2.753
3.149
0.656
1.568
2.854
3.204
0.493
1.161
2.196
3.005
0.504
1.216
2.182
0.549
1.274
2.416
3.301
0.575
1.385
2.065
2.825
1.026
1.942

PSI 1

0.028
0.060
0.113
0.154
0.010
0.021
0.038
0.043
0.052
0.108
0.203
0.7273
0.039
0.079
0.160
0.023
0.049
0.126
0.012
0.020
0.036
0.055
0.089
0.167
0.226
0.032
0.066
0.119
0.134
0.019
0.041
0.077
0.105
0.007
0.015
0.026
0.034
0.075
0.140
0.190
0.026
0.055
0.082
G.113
0.035
0.065

PSI 2

-0.287
-0.624
~l.174
-1.593
-0.325
~Ce679
~1.239
~1.391
-0.283
-0.589
-1.1C5
~l.486
-0.326
~0.666
-1.353
~0.234
~-Q0.5C8
-1.305
-0.392
-0.659
-1.150
-0.298
-0.485
-0.910
-1.235
-0.266
-0.555
~l.CC8
-1.130
-0.196
-0.426
~0.794
-1.086
-0.235
-0.473
-0.850
-0.187
-0.407
-0.762
-1.037
-0.223
~0.467
-0.696
-0.950
-0.359
-0.670

1§
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P

PT

865
869
813
817
886
889
885
899
qe1
s07
913
921
925
932
937
943
346
949
§55
959
961
966
970
973
$78
986
99¢
997
1005
1c08
1016
1023
1028
1040
1041
1044
1053
1055
1062
1069
1071

TC, K

215.21
200.64
199.317
199.37
233.1C
233.1¢C
224,74
220.05
220.05
219.3C
215.21
199.37
199.37
233.74
233.1¢
224.74
220.05
220.05
219.3¢C
215.21
215.21
201.54
199.37
199.317
249.7¢
256424
296.45
277.3¢
249.03
249.03
3C2.94
269.23
268.63
249.03
369.36
337.75
293.04
293.04
268,63
249.03
370.4C

PC,y, ATN.

45.88
46.16
45.87
45.87
45.71
45.71
46.83
45.85
45.85
46475
45.88
45.87
45.87
45.83
45.71
46.83
45.85
45.85
46.75
45.88
45.88
46.37
45.87
45,87
45.56
46414
44,61
46.38
45,42
45.42
45.59
45.02
44,92
45.42
41.08
44.55
44.10
44.10
44.92
45.42
41.20

TABLE Twe

X1

C.912

€.970.

€.97¢
¢.970
C.845
€.845
C.894
C.894
C.894
€.912
C.S812
€.970
C.970
C.845
C.B845
C.894
C.894
€.894
C.912
C.912
C.912
C.970
€.970
C.970
C.784
C.784
C.608
c.707
C.784
C.784
€.608
C.707
C.707
C.784
0.287
C.475
c.608
c.608
C.707
C.784
c.287

TR

1.677
1.799
1.81C
1.810
1.62¢C
1.620
1.68C
1.716
1.716
1.722
1.755
1.894
1.894
1.687
1.691
1.754
1.792
1.792
1.758
1.832
1.832
1.956
1.978
1.978
1.245
1.279
t.161
1.241
1.382
1.382
1.191
1.341
1.344
1.449
1.022
1.118
1.289
1.289
1.406
1.516
1.064

PR

4.449
0.737
1.854
4.450
2.233
4,466
1.163
2.968
4.452
1.164
4.449
1.854
4.450
1.485
4.466
1.163
2.226
4.452
1.164
2.966
4.449
c.881
2.225
4,450
0.448
C.728
C.578
0.734
1.873
3.745
0.746
1.512
4.545
4.4G4
G.616
C.901
2.314
4.€29
4.545
44494
0.661

PRIPERTIES 2F MIXTURES

z

0.890C
0.982
0.946
0.924
0.891
0.874
0.651
0.904
0.901
0.557
0.510
0.958
0.942
0.535
0.895
0.360
0.931
0.920
0.666
0.930
0.628
0.588
0.562
0.658
0.927
0.890
c.876
0.874
0.800
0.756
0.850
0.808
0.755
0.811
0.175
0.756
0.698
0.725
0.794
0.840
0.794

(F/P)M

0.838
0.977
0.948
0.888
0.892
0.813
0.951
0.894
0.854
0.957
0.868
0.961
0.911
0.939
0.844
0.961
0.934
0.881
0.966
0.924
0.894
0.876
0.961
0.928
0.941
0.909
0.898
0.898
0.826
0.702
0.880
0.838
0.634
0.723
0.827
0.812
0.730
0.579
0.691
0.766
0.838

H

2.658
0.360
1.084
2.223
1.680
2.922
0.755
1.830
2.508
0.712
2.386
0.959
2.044
1.009
2.602
0.686
1.201
2,272
0.653
1.573
2,176
0.375

- 1l.013

1.912
0.488
0.948
0.847
1.001
2.254
4,089
1.111
1.978
4.860
3.973
1.481
1.808
3.386
5.390
44329
3.495
1.406

PSI 1

0.088
0.005
0.012
0.026
0.093
C.161
0.032
0.070
0.096
0.025
0.076
0.011
0.022
0.054
0.137
0.028
0.048
6.083
0.022
0.048
0.066
0.005
0.011
0.020
0.046
0.089
0.128
O.118
0.189
0.34C
0.161
0.213
0.510
0.314
0.341
0.315
0.453
0.704
0.434
0.264
0.308

PSI 2

~0.916
-0.150
~0.403
~0.826
=0.507
~0.877
-0.269
-0.589
-0.8C6
~0.262
~0.786
-0.340
-0.727
-0.294
~0.748
~0.234
-0.401
-0.699
-0.231
-0.497
~0.686
~0.156
-0.344
=0.551
-0.168
-0.323
-0.199
~0.285
-0.686
~1.234
~0.250
-0.513
~1.231
~l.140
-0.137
-0.285
-0.7C2
-1.092
-1.048
-0.958
-0.124

9/
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