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ABSTRACT

A generalized three parameter virial equation of state has been 

developed and tested for seven pure gases having different molecular 

characteristics. The equation has also been tested for more than 

thirteen binary gas mixtures using three different mixture rules. The 

final equation is as follows:

„ , . B(T) . C(T) . D(T) . E(T) . VF(T) . VG(T)
T ~ ~  •bvV V V V e e

The expressions for E(T), F(T), and G(T) along the critical isotherm 

were derived in terms of critical properties and two constants, a and 

b which appear in the sixth and seventh terms in the above equation 

from the conditions that the first and second derivatives of pressure 

with respect to volume are zero at the critical point. The two unre

solved parameters, i.e. a and b, were established from the experimental 

P-V-T data along the critical isotherms of pure gases, i.e. nitrogen, 

carbon dioxide, propane, carbon monoxide etc. A direct minimum 

seeking method which operates on an error function constructed below,

?  <Zi,obs ' Zi,cal.)
E -i=i---------- 5---------r zn

was used. By minimizing the function, the best value of the parameters, 

i.e. a and b, was obtained. The second, third, and fourth virial co

efficients were calculated from the Gyorog and Obert Tables (37), 

using the Lennard-Jones force constants obtained from the critical



properties by means of generalized relationships.

The calculated compressibility factors for all of the systems 

were compared with the Gyorog-Obert, Redlich-Kwong, and Generalized 

BWR equations. The absolute average and maximum deviations from the 

experimental values were computed for all the systems considered in 

this work.

Expressions for the fugacity of components in gaseous 

mixtures were derived for the Joffe-Zudkevitch mixture rule. The 

fugacities of components in1gas mixtures and the enthalpy 

departures from ideal gas values were calculated for three binary gas 

mixtures using the Joffe-Zudkevitch and the Pitzer-Hultgren mixture 

rules.

The equation presented in this work gave excellent results when 

compared to the standard Redlich-Kwong, the generalized BWR, and the 

Gyorog-Obert equations of state, The equation developed in this work 

gave less than 1.5 percent average deviation for compressibility factors 

of pure gases and below 3 percent for compressibility factors of 

binary mixtures up to 1.8 times the critical density. The results for 

other thermodynamic properties are also superior to those obtained with 

the Redlich-Kwong and Gyorog-Obert equations.

It is noteworthy that the range of applicability in the gaseous
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region of the three-parameter generalized virial equation developed 

in this study is the same as that of the eight constant Benedict-Webb- 

Rubin equation, i.e. up to 1.8 times the critical density.
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INTRODUCTION

Dependable prediction of thermodynamic properties such as 

pressure-volume-temperature behavior of gases as well as of gas 

mixtures is essential in chemical engineering process design calcu

lations. The relationship between pressure, volume, and temperature 

can be expressed by an equation of state. Thus, the equation

PV = RT (1)

which is based upon the assumptions of ideal gaseous conditions, does 

not apply to real gases and gas mixtures. However, it is convenient 

to express the observed relationship by the introduction of a com

pressibility factor which may be defined in the following way:

Z = PV/RT (2)

Recently, several papers have appeared in the literature des

cribing more than one hundred equations of state based on different 

techniques. An excellent survey of most of the suggested equations 

up to 1963 is available (1,2). A summary of some important equations 

of state is also available (3). Several charts (4,5) and tables 

(6,7) are also available based upon the Law of Corresponding 

States which has been discussed many times (8,9).
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There are two approaches to the development of a satisfactory 

equation of state. The first approach is to start with either a 

kinetic theory or statistical mechanics involving intermolecular 

forces. The second is more or less empirical in a sense that the 

experimental data are fitted to an equation involving constants and 

using suitable mathematical techniques for evaluating these constants. 

Hie former approach was followed by van der Waals (10), Lennard-Jones 

and Devonshire (11), Flory et al (12), and Hirschfelder et al (13); 

whereas the latter reflects the work of Clausius (14), Berthelot (15), 

Dieterici (16), Wohl (17), Keyes (18), Beattie and Bridgeman (19),

Keyes et al (20), Benedict et al (21), Joffe (22), Redlich and 

Kwong (23), Martin and Hou (24), Pings and Sage (25), Hirschfelder 

et al (26), Strobridge (27), Epstein (28), Costolnick and Thodos (29), 

McCarthy and Stewart (30), Goodwin (31), and many others (32, 33).

In 1901, Kamerlingh Onnes (34), suggested an open ended virial 

equation of state for the compressibility factor in terms of an inverse 

power of volume. Using classical statistical mechanics, Hirschfelder, 

Bird, and Spotz (35), derived and presented in the tabular forms the 

second and third virial coefficients for non-polar and spherical 

molecules as functions of the reduced quantity T* which in turn is 

related to temperature by the definition of the Lennard-Jones force 

constant e./k. With the help of Hirschfelder, Bird, and Spotz tables 

for the second and third virial coefficients, Joffe and Patel (36) 

showed that the Epstein's equation (28) yields better results if the
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force constants are calculated from the critical constants. They also 

compared their results with the truncated virial equation involving 

terms up to the third virial coefficient. Gyorog and Obert (37) 

calculated generalized second, third, and fourth virial coefficients as 

functions of temperature for non-polar molecules. In the present work, 

a three-parameter generalized virial equation of state is developed 

for non-polar gases as well as for gas mixtures, which is based upon 

information at the critical point and can be applied well beyond the 

critical density. The equation developed in this work utilizes the 

Gyorog and Obert tables for the estimation of the second, third and 

fourth virial coefficients. The predicted values of compressibility 

factor and other thermodynamic properties are compared with the 

experimental values using different mixture rules.
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SCOPE AND PURPOSE

The literature available on the subject "Equations of State" 

is enormous. However, none of the presently available equations of 

state can predict thermodynamic properties over a wide range of density, 

i.e. beyond critical density, without the aid of experimental data.

The virial equation offers advantages over other equations because of 

its ability to predict thermodynamic properties from simple 

mathematical relationships.

Gyorog and Obert tables (37) for virial coefficients are not 

adequate enough to produce satisfactory results in the high density 

region and also near the critical point. It is desirable to extend the 

virial equation beyond four terms to make it work up to one-and-a-half 

or two times the critical density. In the present investigation, the 

virial equation of Gyorog and Obert is extended beyond the fourth term 

using thermodynamically established relations. Thermodynamic properties 

for pure gases and gas mixtures are calculated by the proposed method 

using critical and pseudocritical constants only. Results are compared 

with those obtained by using the standard Redlich and Kwong equation, 

the Gyorog and Obert equation, and the generalized Benedict, Webb, and 

Rubin equation as developed by Edmister et al (38). Three different 

mixture rules are used to estimate pseudocritical properties and the 

Lennard-Jones force constants from the pseudocritical constants.
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BACKGROUND

The virial equation of state originally suggested by Onnes can be 

expressed in terms of power series:

With the above virial equation experimental data can be fitted over a 

wide range of temperature and pressure. The terms B (T), C(T), D(T), 

E(T), etc. are known as the second, third, fourth, fifth virial co

efficients and are assumed to be functions of temperature only. The 

contribution of the virial coefficients to the compressibility factor 

is due to the deviation from ideality in terms of attractive and 

repulsive forces between the molecules during their collisions. The 

original virial equation was suggested only to fit the experimental 

data. Later on, it was proved that the equation is theoretically 

correct. From statistical mechanics, it has been shown that the 

virial coefficients can be derived in terms of intermolecular potential 

functions. This is well treated by various authors (39).

From classical mechanics, it is clear that the second virial 

coefficient, B(T), of a gas composed of non-polar molecules possess

ing spherical symmetry is given by

PV/RT = Z = 1 + B(T)/V + C(T)/V2 + D(T)/V3 + ... (3)

(4-a)
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where N is Avogadro's number,)^ (r) is the mutual potential energy of 

a pair of molecules of separation r, and k is the Boltzmann constant 

The expression for^(r) which has received considerable attention is 

the well known Lennard-Jones 12-6 potential;

where €. is the depth of the potential well and <f is the separation of 

a pair of molecules when (r) is zero. From the above mentioned 

potential function second, third, and fourth virial coefficients can 

be calculated in terms of reduced quantities B*(T*), C*(T*), and 

D*(T*) (39), using the relationships:

^  (r) = ^[(fi’/r)12 - (<*Vr)6 (5)

B(T) = boB*(T*) 

C(T) = b2C*(T*) 

D(T) = b^D*(T*) (8)

(6)
(7)

(9)o 3

and T* = kT/e (10)

where 6" and €./k are called the Lennard-Jones force constants.
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Thus, substituting Equations (5), (6), and (10) into Equation 

(4-a) leads to the form:

When the exponential term in Equation (4-b) is expanded in an infinite 

series, the analytical integration leads to the expression:

Similarly, the expression for the third virial coefficients 

can be derived from the partition function method and Kihara's 

expansion for the third virial coefficient (40). The detailed 

derivation is given in Reference (39). The final result for the 

Lennard-Jones 6-12 potential is

coefficient, and are products of complex gamma functions and double

B*(T*) = -4/T* (-12/r* ) + (6/r* dr* (4-b)

B*(T*) = b^^T*"^^ +1)14 (4-c)

where coefficients b ^ ^  are in terms of gamma functions.

j + 1/2
(4-d)

CO

(4-e)

where c^^ are the expansion coefficients for the third virial

integrals. The expansion coefficients b ^ ^  and c ^ ^  are given by

Hirschfelder et al (39).
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Expressions for fourth and higher virial coefficients become 

more complicated because they involve four-body and higher 

interactions. For example, the expression for the fourth virial co

efficient is given by:
V

= 8V"liIir£3f12f23f34f14 + f 12f13f 14f23f34 + f12f 13f14f23f24f3^

dRjdRgdlljdl^ (4-f)

where f ^  = exp ̂ -^(r.^/kTj- 1 (4-g)

and dR^ are three-dimensional differentials. A numerical method has

been suggested by Barker et al (41) for computing the fourth virial 

coefficient i.e. Equation (4-f). They also extended the same method 

to evaluating the fifth virial coefficient (42).

The force constant £./k, and the kinetic constant b , have beeno
established for some gases and listed by Hirschfelder et al (39).

The functions B*(T*) and C*(T*) are also given in tabular form by 

Hirschfelder et al (39). Gyorog and Obert (37) have also calculated 

the function B*(T*), C*(T*), and D*(T*) from experimental data on 

argon, nitrogen, methane, xenon, and carbon monoxide. Thus, the 

closed form of the Gyorog and Obert equation can be written as (37):

z . i + M i !  + oil! + £ £ !  (U)
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In their publication, Gyorog and Obert have also calculated the first 

and second derivatives of the virial coefficients in the form of 

reduced quantities.

The equation of state suggested by Redlich and Kwong (23) can be 

written explicit in pressure as:

Although Equation (12) is simple; in form and strongly supported by a 

number of workers, it breaks down at high density and also near the 

critical point. The Redlich and Kwong equation is so far the most 

accurate of the two-parameter equations of state. Later on, a third 

parameter was introduced to correct it at the critical point (43).

The equation of state proposed by Benedict et al (21) involving 

eight constants can be written as:

P (V - b ) r
RT (12)

T V (V +  b ) r

where a = 0.4278 R2T 2,5/Pr c i (12-a)c

and b = 0.0867 RT /P (12-b)r c c

P = RTd + (B RT-A -C /T2)d2 + (b RT-A )d3 o o o ' w w
+  a ctd6 + c d3/T2 (l + T  d2)exp(-7 d2) w w  w w r w (13)
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where A ,B ,C ,a ,b ,c ,ot , and"V are empirical constants and can be o o o w w ’ w w w r
derived from experimental data. Recently, the BWR equation, i.e. 

Equation (13), has been reduced to generalized form by Edmister et al 

(38). The BWR constants are expressed in terms of critical properties, 

i.e. T^P^, and the acentric factor,Gj . The empirical relationships 

of BWR constants are (38).

2

Ao Pc
—p —  jo.343258 - 0.12752<j- 0. 509131cd2J  (13-a)

RTc r  2]Bq = 0.113747 + 0.127349tu - 0.243280b I (13-b)

jo.098224 + 0.401236co - 0 .0397267<Sj2J  ( 13- c )

Jo.0235866 + 0.290284cJ - 0.295413<m2J  (13-d)

Jo.0275404 + 0.131009OJ - 0.134924a)2J  (13-e)

R2T 4
Co = ^ -c

3 3R Tc
aw = p 2 

c
2 2 R T

r3t 5

c
2 2 R T

c
3 3R T _ c

a w  p 3
c

J o .035694 + 0 . 185297w - 0.230125«*j (1 3 - f )

J o .052058 - 0.09064a> + 0 .10506co2J  (13-g )

J o .0000875 /  awJ  (13-h)
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The generalized BWR equation can also be applied to multi- 

component gas mixtures using the mixture rules suggested by Benedict 

et al (48). These mixture rules for all eight BWR constants are:

Aom )l (14-a)■ p W / 2 >J 

■ p A l ]B =| 4y.B . I (14-b)om I i^i oi I

°™ ■[? <yicoi1/2>]2 ‘14-«om

awm = [ ?  (yi awil /3 >]3 <l4"»

bwm - ( ?  <yib„ i 1 / 3 )]3 <1 4 - e >

- = P < v » i 1/3] 3 (14- £)

7  = P ^ „ i 1/2] 2 <14-s>

cl = 1 4 - ( y * , 1/3)l3 d4-h), 1 /3 )T1 U  W1 'I

Another equation of state suggested by Martin and Hou (24) can 

be written explicit in pressure as :

5
P = ^  f^CV-b)1 (15)

where f^ is temperature dependent:

f. = A. + B.T + C.e^K 'T/,Tc^ (15-a)1 1 1 1
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The constants A^, B^, and can be evaluated from critical properties 

and a vapor-pressure datum point. Later on Equation (15) was modified 

to extend it up to 1.6 times the critical density (45).

Thermodynamic Properties: The deviations of thermodynamic properties

such as internal energy, enthalpy, entropy, and free energy of a system 

from ideal gaseous values may be written as:

00

U - u* = -fjTf^r) - P| dV (16)
- ■]

- /v [ < |f ) v - - }

- / v [ ( i ) v - t )

CO
H - H* = PV-RT - PldV (17)

00
S - S* = Rln(PV/RT) - £|dV (18)

G - G* = (H - H*) - T(S - S*) (19)

Expressions for the deviations of the above properties can be derived 

in terms of the equations of state such as the virial equation or the 

Redlich and Kwong equation.

Application to Pure Gases:

From the foregoing description, it is clear that knowing the 

force constants, e/k and bQ , the second, third,and fourth virial 

coefficients can be evaluated and subsequently, using Equation (11), 

the compressibility factor may be calculated. The force constants, 

e/k and bQ , for some gases are available in the literature. For most 

of the hydrocarbons and fluorocarbons, the constants are not yet
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established. Hence, it is desirable to use the force constants which 

can be predicted from the critical constants. It has already been 

shown that these constants can be obtained from the critical 

properties of gases and results have indicated that the estimation is 

sufficiently accurate (46,47). These relationships between the force 

constants and the critical constants are purely empirical and derived 

by taking average values with the help of the law of corresponding 

states. The relationships given by Nelson and Obert (46) are:

e/k = 0.756 Tc (20)

T
and b = 17 —  (21)o P 'c

where Tc is the critical temperature in degrees Kelvin and Pc is the 

critical pressure in atmospheres. The relationship in Equation (20) 

is based on nitrogen data. Hirschfelder (39) proposed a similar type 

of relationship except that different numerical constants appear in 

Equation (20) and (21). Since it has been shown that the relationships 

given by Nelson and Obert (46) yield better results for pure gases 

(47), they are used throughout the present work.

Using the force constants predicted from the critical data,

T* can be calculated and subsequently the second, third, and fourth 

virial coefficients can be estimated from Gyorog and Obert tables. 

Finally, the compressibility factor can be calculated using Equation

(11) or a similar type of equation.
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Application to Gas Mixtures:

For gas mixtures, the deviations in behavior from that of 

ideal gas mixtures may be caused either because of the fact that 

pure component behavior may be non-ideal or the interaction between 

components may be contributing to non-ideality largely due to the 

collision of unlike molecules. There are at least three different 

ways of estimating thermodynamic properties of gas mixtures:

(1) By assuming that the mixture has the same properties as a 

fictitious- pure component. The constants of this imaginary component 

are usually called pseudo constants of the gas mixture. There are 

various combination rules available to estimate these pseudo constants 

using the pure component constants.

(2) Some of the equations of state for pure fluids can be converted 

to equations of state for mixtures utilizing some technique of com

bining the equations-of-state constants of pure compnents. For 

example, Benedict et al (48) suggested mixture rules for their equation 

of state, i.e. Equations (14-a) thru (14-h). The eight B-W-R 

constants for the mixture can be evaluated using these mixture rules 

from pure component constants. In the case of the virial equation, 

this type of rule can be applied if interactions of unlike 

molecules, i.e. cross-coefficients, are taken into account.

Many mixture correlations of this type are available and discussed 

thoroughly elsewhere. (3).

(3) The partial quantities can be evaluated and then the mixture 

properties can be obtained by a molefractional summation procedure.
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This is not a common approach. Usually the first two methods are used,

because they are more feasible than the partial properties approach.

Mixture Rules:

Several mixture rules are available for calculating mixture 

properties. In the case of the virial equation, the mixture properties 

can be evaluated using individual virial terms for the mixture. The 

virial coefficients for a mixture can be obtained from the following 

equations:

n n
B = 7" TZ y-y.B.. (22)
m j-i 1 j

cm = E  E  E  yiyj7kcljk (23)
r=1 j=l k=l J J

where B , C , etc. are virial coefficients for a mixture. The m m
equations contain cross-coefficients terms B^ , etc. The cross

coefficient terms are due to the difference in size and properties 

of different molecules. If the equation contains more terms of the -  ̂

kind, then the evaluation of cross-coefficients becomes very difficult 

and is usually restricted up to only the third virial coefficient.

Based upon the second virial coefficient and the Redlich-Kwong 

constants, Joffe and Zudkevitch (49) suggested a new method for esti

mating pseudocritical constants which is given by the equations:
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T 2,5 n n T .,2 *5
p^ -  - E  E  (24)
cm 1=1 j=l cij

T n n T . .
5 ®  - E  E  (25)
cm i=l j=l cij

Where T anc* ^ci2 are interact:*-on parameters. Equations (24) and

(25) can be solved simultaneously for T and P for a given mixturecm cm
by using the interaction coefficients given by Joffe and Zudkevitch

(49). Other than these rules, there are several rules available for 

the Lennard-Jones force constants which can be used to estimate virial 

coefficients for mixtures. These mixture rules have been discussed 

several times (3), (39). For example, the interaction parameter of 

the second virial coefficient, i.e. , for a mixture can be expressed 

as:

Bi j ' £< V “ ij/k) (26)

where d\ . and &. ,/k are interaction parameters for the Lennard-Jones 
ij iJ

force constants. These interaction parameters for non-polar mole

cules can be estimated from the expressions (39):

S. . = (<T. + < 0 / 2  (27)ij i J
and

^ ij/k = ( ^ e  )1/2/k (28)
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Pseudocritical Mixture Rules:

The pseudocritical constants for a mixture of n components 

which were defined by Kay (50) are given by:

n
T = y~ y.T . (29)cm , l cii=l

n
P = T “ y.P . (30)cm f—.; l cii=l

For binary mixtures, Tang (51) showed that the simple molefractional 

summation was a fair approximation for critical temperature but the 

pseudocritical pressure deviated widely from linearity. Case and 

Weber (52) also found large deviations from Kay's rules.

A different kind of approach for estimating pseudocritical 

constants was adopted by Pitzer and Hultgren (53) which is based upon 

the three parameter, acentric factor corresponding states theory for 

binary gas mixtures, extended to multicomponent mixtures by Joffe and 

Zudkevitch (49):

n n
T = n  II y.y.T. . (31)cm £zi i J ij

n n
p = H  H  y-y-p- • (32)cra £ i  £ i   ̂ J U

n n
iD = T~ TL y.y.w.. (33)cm ^  ij
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where w is the acentric factor suggested by Pitzer(44) •

The pseudocritical mixture rules derived by Joffe (54) from the 

van der Waals equation of state are:

p “ i n  y.(T ./P . ) / Y  y. (T ./P .)cm I 1 ci ci . i i ci cii=l i=l

cm (T ,/P .) 1 ci ci

(34)

(35)

Joffe showed that the method of combining the equation of state 

constants is entirely consistent with the definition of a pseudocritical 

point. As a final result, Joffe suggested the following relationships 

for estimating pseudocritical constants of a gas mixture:

’“ r -  t  y i W ci/pCi'5) (36)
P i = lcm

^  - k t E  y.y.fa ./p -)1/3 + (t../p .)1/31 3 (37)8 ^  J i J j |  Cl C1; Cl Cl JP 8cm

The second equation is based on the Lorentz combination rule for

van der Waal's constant b . For five different gas mixtures, Joffe'sv
mixture rules yielded more accurate results than Kay's rules.

In the case of the three-parameter generalized equation developed

in this study there is need for a combination rule for either VJ cm
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or Zcm, which then serves as the third parameter. The following rules 

have been suggested by Prausnitz (55).

n
V = £ y . V  , (37-a)cm *7- i ci

n
Z = Y~y.Z . (37-b)cm *r- i ci x

In their original publication, Redlich and Kwong (23) 

suggested the following mixture rules for the constants appearing in 

their equations:

1 = IZ 5Z y-y-a ..
r i=l j-1 1 3 rlJ

n n
5 = Y~ Y~ y.y.b..r f— , J iJ 3 riji=l j=l J

n n
= T “ y,y,b^.. (39)

where interaction constants a .. and b .. can be estimated by:rij rij

a . . = (a .a ,)1/2 (40)rij n  rj7

b . . = 4  (b , + b .) (41)rij 2 ri rj

There are several other combinations rules available for gas 

mixtures (56). In this investigation, mixture rules suggested by 

Pitzer, Joffe and Zudkevitch, and Joffe are used and results are 

compared for thermodynamic properties of several gas mixtures.
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DEVELOPMENT

The virial equation of state can be written for the compress

ibility factor in terms of a power series:

where B(T), D(T), E(T), etc. are referred to as virial coefficients 

and are known to be functions of temperature only. When the truncated 

Equation (11) is applied to gases near the critical temperature, using 

the Gyorog and Obert table, it provides good results only up to the 

critical density. Thus, it is necessary to extend Equation (11) 

beyond the fourth virial coefficient in order to yield better results, 

at least up to one-and-a-half or as much as two times the critical 

density. This may be accomplished by adding extra terms to Equation 

(11). To develop expressions for these additional terms, it is 

necessary to use the singularity condition at the critical point.

It is a well established fact that at the critical point, the 

first and second derivatives of pressure with respect to volume at 

constant temperature are zero. Thus:

z = x + i £ i  + c m .  + d(ti + m h  +
2 3 4V V V . V

(42)

P = P (43)c

(44)
c

(45)

c
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Making use of these three conditions, it is possible to add three 

additional terms to Equation (11). Many other conditional restraints 

may be applied to evaluate coefficients in the equation. For example, 

higher than the second order derivatives of pressure with respect to 

volume may be assumed to be zero at the critical point (57). When 

experimental data for carbon dioxide were fitted to a seventeen-term 

virial equation, Martin (58) showed that the third and fourth deriva

tives of pressure with respect to volume at the critical point have 

very small magnitude. For practical purposes, one can assume that 

these derivatives are zero for carbon dioxide. However, derivatives 

up to the second order should only be used because the magnitude of 

the third and fourth derivatives have not been established to be zero 

for other gases.

Now, if Equation (11) is extended with an additional three terms 

which are an inverse power of volume, it can be written as:

! _ , i  + M a  + £ m  + £ffi. + M a  + £ i n  + G e i  (46)
RT V ?2 v3 y4 v5 v6 y7

The three additional terms are expressed in terms of B(Tc), C(Tc),

D(Tc), and utilizing the three conditions of Equations (43), (44),

and (45). Upon application to pure gases, it is found that Equation

(46) converges very slowly beyond the critical density. Therefore, it
6 7is necessary to add terms other than F(T)/V and G(T)/V . Upon close 

examination, it can be seen that these terms should be effective even
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with a small change in volume. Pressure must be increased rapidly 

with little change in volume. Such terms should be exponential in
c iVnature and vanish at low density. The interesting terms are F(T)/e 

and G(T)/e^V or F(T)/Vmeav and G(T)Vne^V as pointed out by Martin (58). 

The former are to be considered first because of their simplicity in 

differentiating with respect to volume. Equation (11) can be 

rearranged for pressure and can be written as:

p , RT|i + £ & .  + £111 + fifll, (47,
v v V

Introducing three terms E(T)/V^, F(T)/e3^, and G(T)/e^ into 

Equation (47), leads to the form:

p - D t * a i a t < ^  + fiip + sfli + i i a  + £ i g l  (48)
I V V V V e e I

where E(T), F(T), and G(T) are assumed to be functions of temperature. 

At the critical point, the assumed functions'should be reduced to 

constants. The functions can be represented by the equations:

E(T) = Ecf1(T) (49)

F(T) = Fcf2 (T) <5°)

G(T) = G f (T) (51)c J

where f^(T), (T), and f^(T) reduce to unity at the critical

isotherm. The functions f^(T), (T), and f^(T) can be evaluated by

taking the second derivative of pressure with respect to temperature
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at constant density in Equation (48) and setting it equal to zero at 

the critical density. It was suggested by Martin (58), that the 

second derivative of pressure with respect to temperature at constant 

density is also zero at 1.8 times the critical density. However, 

two conditions are not sufficient to solve for three constants 

appearing in the temperature functions which are to be assumed. 

Therefore, the temperature functions have to be established by trial 

and error procedures, using experimental data for different gases.

Rewriting Equation (48) for the compressibility factor:

, B(T) , C(T) , D(T) , E(T) , VF(T) , VG(T)
V v2 V3 v4 e aV ebV

Differentiating Equation (48) with respect to volume at constant 

temperature and dropping the temperature dependent notations, yields:

2 B _ 3 C  4 D _ 5 E _ a F _ b G
„3 „4 " „5 " „6 av bvV V V V e e

(53)

Differentiating again with respect to volume at constant temperature:

I V f L  J L  +  6B + 1|C +  2fiD + m  +  h .  +  bfol
Lav2J  Iv3 V4 V5 V6 V7 eav ebvJ

Substituting the condition of Equations (43), (44), and (45) into 

Equations (52), (53), and (54) yields respectively:

(54)
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B C  D E V F V G  z = 1 + _ c + _ c _ + _ c _ + _e_ + _cjc _c_c ( }
c 2 3 4 aVc bVc v 'V V V V e ec c c c

2B 3C 4D 5E aV 2F bV 2G
i + —  + — f + — | + — f  + c„ c + — ^  = 0 (56)

V V 2 V 3 V 4 e ec c c c

and 6B 12C 20D 30E a2V 3F b2V 3G
2 + —  + ~ f  + “ f  + - f  + I v c *  + “ bvT^ = 0 (57)V V V V e ec c c c

with Equation (55) being the expression given in Equation (52), 

evaluated at the critical point. Solving the above three Equations 

(55), (56), and (57) simultaneously for Ec, Fc> and G^, expressions 

in terms of a, b, and the critical properties are obtained. The 

detailed derivation is given in Appendix (I). The final expressions 

are:

[■
E =1 w.w_ Z - 1 - (B /V ) - (C /V 2) - (D /V 3) + (w + w„) c | 1 2 c c c  c c  c c  i z

1 + (2B /V ) + (3C /V 2) + (4D /V 3) - 2 + (6B /V ) c c  c c  c c  c c

+ (12C_/V_2) + (20D_/V_3)Jv 4c c c c
--------------------------------  (58)

£ W1W2 " 5 ŵ i + w2  ̂ + 30J



where w, = aV and w„ = bV . In order to complete the equation of 1 c 2 c
state, the constants a and b must be evaluated using the experimental 

data for the critical isotherm of pure gases. However, if the third 

and fourth derivatives of pressure with respect to volume at constant 

temperature are zero at the critical point, the constants a and b can 

be evaluated directly. In this investigation, however, the constants 

are approximated with the help of experimental critical isotherm data 

for carbon dioxide, propane, nitrogen, carbon monoxide, etc.
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Once the constants a and b are known, the functions f^(T),

y and f ̂ (T) may be established. There are several types of

functions available which are equal to unity at the critical point,

i.e. the conditional restraints used to derive expressions for E^,

F , and G . Some of these are: c c

f (T) = A. + B .(T /T)n where A. = -B. + 1 (61-a)1 1 C 1 1

f(T) = (T /T)n (61-b)c

and f(T) = em (T /T)n + 1 - (T /T)n etc. (61-c)c c

Because of their simplicity, the inverse power of temperature functions 

were adopted for E, F, and G. Inserting these in Equations (49),

(50), and (51), results in:

E = E (T /T)nl (61)c c

F = F (T /T)n2 (62)c c

G = G (T /T)n3 (63)c c

Similar functions were also suggested by Epstein (28) for his equation 

of state. Epstein assigned arbitrary values to n^, n^, and n^.
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Thermodynamic Properties:

Once the equation of state is in its complete form,.the 

thermodynamic properties can be evaluated. Thus, starting withF 

Equations (16), (17), and (18), expressions for internal energy, 

enthalpy, and entropy can be derived respectively from Equation (48). 

The detailed derivations are given in Appendix II. The final 

expressions are:

Internal Energy:

U - U* - J t dB T dC T dD T dE T dF T dGl ,,,. 
- ^ v S  + ^ d i  + ^ d i  + ̂ d E ^ S f  _ _ J  (64)

Enthalpy: 

H - H*
RT

Entropy:

S - S* = Rl

= 7 i fidB _T_dC _ T _ d D . _ T _ d E . _ T _  dF , _X_
‘ V dT _ 2 dT „ l3 dT '4 dT aV dT . bVdT L  2V 3V 4V ae be J

-Q - r[?(b<i) + 4?) - ̂ (c(i) + 4i)+-p(D(T) 
4l) + ̂4(E<T) + 41) + + 41) + 7bv(G(I)w LX! > a p hP

(66)

4V N ae be

+ T ^ ^<

The free energy and fugacity of any gaseous system are related to 

enthalpy and entropy by the relationship:

G - G* = (H - H*) - T(S - S*) = RT ln(f/p) (67)

where G is the free energy and f represents fugacity.
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Substituting Equations (65) arid (66) into Equation (67) and then 

simplifying yields:

i.(f/p) - -uz + iMIi + Cfll + M i l  + m  + K E i  + gfl3+ (68)
L v  2V 3V 4V ae be J

Starting with the Redlich-Kwong equation i.e. Equation (12),

instead of Equation (48), expressions for enthalpy, entropy and 

fugacity can be derived:

r

S - S* . RlnZ + Rln ^  + - 5 * 5 -  (70)
r

2
ln(f/p) = Z-l - ln(Z - BP) - ln(l + ~ )  (71)Jt> It

where
a = 0.4278 R T 2 ’5/p (13)r c c

b = 0.0867 R T /p (14)r c rc

A2 = a /R2T 2,5 (72)r c

B = b /RT (73)r

Thus, enthalpy and fugacity of any gaseous system can be 

calculated from Equations (65) through (68), or alternatively from 

Equations (69) and (71).



The virial equations may also be written in reduced form. Thus, 

differentiating the following equations:

T* "eTk (10)

B(T) = b B*(T*) (6)o

C(T) = b^C*(T*) (7)

D(T) = b3D*(T*) (8)o

with respect to T yields,

dT* = _X_ 
dT e/k (74)

dB . dB* = dB* dT* = _^o dB^ n ,.
dT odT odT* dT e/k dT* K }

h 2
dC = _o_ dC* 
dT e/k dT*

h 3dD = dD* 
dT e/k dT*

The first derivatives of the fifth, sixth, and seventh virial 

coefficients can also be represented as reduced quantities. Thus, 

differentiating Equations (61), (62), and (63) with respect to T, 

yields:

(76)

(77)
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x-V * 1 c
dF
dT-̂=- - - p*c V T c

(79)

dG
dT

x„V * 2 c
- G * c V T c

(80)

where ,
E = b E * (81)c o c

x,V *
F *e

F„ =   (82)c

x0V *
G %  2 C

Gc - -S-J  (83)

Substituting Equations (74) through (83) into Equation (65) and then 

feinfplifying, gives:

r B* C* D* E*
- 2-l - U  + -S-j + -S-y + -S-y (-n1(Ic/I)nl')

Ki L v 2V* 3V* 4V* ' *

f*(-h2 (TC/T)n2) Gc (~n3 (Tc/T)n
X (V*-V*) X (V*-V*)

X,V*e C X0V*e c1 c 2 c
f]+ "  f (84)

Likewise, Equation (68) leads to the reduced form,

+ C*(T*) + D*(T*) + E*(Tc/T)nl
2 V* 3 V* 4v*4

F*(T /T)n 2 G*(T /T)n3■ c   cv c   ■ /oc\
X (V*-V*) X (V*-V*) 1

XnV*e ° X V*e c1 c 2 c ]
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where (86)

(87)

(88)

and
X = a.b1 io (89)

X. = b.b
Z  'o (90)

In the above equations, x^ and represent reduced.values of the

constants a and b respectively.

Thus, Equations (84) and (85) are useful generalized equations 

for calculating the enthalpy departure and fugacity of any gaseous 

system.

Fugacity of Components in Gas Mixture:

In accordance with the pseudocritical method, the fugacity of 

pure components in a binary gas mixture is given by the following 

Equation (59):

(1 -y)(Z - 1
(91)

and

In
y ( z  - i )

(92)
PR V y
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Using Joffe's mixture rules for Tc and Pc , i.e. Equations (36) and 

(37), expressions for fugacity of pure components in binary gas mix

tures can be derived as shown in Reference (60):

/ rA  ^  - y ^ nm“ - nm ;jV 1/2
0 >  < f >  a ' yl ? c  -  h l/V  - * >  * » ]

fc (̂QFly “QF2) " QF3J
2(1 - y)(Z - l)Pr1/2 

+ ---------     i P / ' ^ Q ^ y  -Q^ ) - | (93)

and . /p
f0 \  /f„\ y(Hm* - H J P

ln ((I -2y)p)° ‘{ f }  7 ‘ r t i “ C [Pc1/2(QFiy ' QF2)  - 2<!F3]

fr. ^Fiy " QF2 " QF 3 J
2y(Z - l)Pc1/2 r  1/2

(94)

where

Qpl = 2S4 + 2S5 + l/2|s/( + Sq /J|J (95)+ s51/3] 3 

( s 41/3 + s53« ]QF2 ' 2S5 • 1/4IS/.1/3 + S»1/3i3 <96>

Qf3 - S7 - S8 (97)

T
54 - ^  (98)

C1
T

C255 = (99)
°2
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1/2

and
1/2

(100)

(101)

The equations of Pitzer and Hultgren (53), i.e. Equations (31),

(32), and (33) can be used to derive the fugacity of components in a

gas mixture. As shown by Joffe and Zudkevitch (42) the expression for
tilthe fugacity of the r component is given by the equation:

+ 2 (XZ y^ir -<0)ln(f) (102)

Starting with the method suggested by Joffe and Zudkevitch (49), 

i.e. Equations (24) and (25), it may be shown than the fugacity of a 

component in a binary mixture may be derived from Equations (91) and

(92). The derivations are given in Appendix III. The final p. t 

expressions are as follows:

c

y2^  + (1 - y)2Rj.2 + 2y(1 ~ y)RF3

^ 7  ■

L  (RF4)3 ’5 J
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and 9 „
/ h \ _ - y  p  «FL + a - y> ̂  + w  - y)RF3~1
V  YV  P RT T 1,5 L  J

In

where

X (,Z. ^ 1). [7 ^-1 + L  V .+ ^ 7  + ._RF,8l 
p.1:’ L (^,)3-5 J

h i  " l (SlS6 - S3S4> <105)

^ 2  ’ f (S3S5 ' S2S6> <106>

*F3 " 3 (S1S5 - S2 V  <107)

^  = S4y2 + S2 (l - y)2 + 2S6y(l - y) (108)

Rp5 = -(2S1 + 2S2 - 4S3)(S4 + S5 - 2S6) (109)

*F6 ' f(fl<S5 ' V  + S2 (8S4 + 9S5 - 17S6>]

-|2S3(4S4 + 5S5 - 9S6J  (110)

y  ' f[iSlS5 - S2 (5S4 + 9S5 - 16V

+  2S3(Sj - 3S6j  (111)

®F8 " f « S 2S5 - 5S2S6 +  2S3S5) (112)
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2.5

S, =1 P
'1

2.5

S„ =2 P

and

2.5

S„ = '12
3 P

'12

S, = '12
6 P

'12

(113)

(114)

(115)

(116)

The fugacity of a pure component based on the standard 

Redlich-Kwong Fquation (23) is given by the following expression:

<z - " i t  - ln<z - BP) - 1 +  f ]  <U 7 >

where

A2 = ar/R2T2’5 (118)

B = b /RT r (119)
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Thus, the fugacity of any component in a gas mixture can be 

calculated from either of the three mixture rules selected in this 

work. The fugacity can also be calculated by the standard Redlich- 

Kwong method, i.e. Equation (117).

The procedure for calculating a component fugacity with 

Equation (103) is shown in a sample calculation in Appendix IV.
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PROCEDURE

Digital computers were used in all computational work involved 

in this investigation. During the course of the work an IBM-1620 

and an RCA-SPECTRA-70 were used. The basic language of programming 

for the two computers was essentially the same, i.e. Fortran IV.

For convenience, the programming problem was divided into three major 

segments:

(1) Program Polyfit - to evaluate coefficients of polynomials 

which express the Gyorog and Obert Tables in terms of simple 

mathematical relationships.

(2) Program Constants-Approximation - to evaluate constants 

which were in the assumed sixth and seventh terms, of the virial 

equation with the help of P-V-T data along the critical isotherm 

of different gases.

(3) Program Compute z-Factor - The function of this program is 

threefold:

(a) To compute compressibility factors of pure gases and gas 

mixtures with different equations of state.

(b) To compute enthalpy of gas mixtures using different equations 

of state.

(c) To calculate fugacity of gas mixtures using different 

equations of state.

Selection of Experimental Data: Table <1 contains a complete listing

of the references used to obtain P-V-T data and critical properties of
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the pure gases used in this work. Likewise, Table (2) contains the 

references used in obtaining P-V-T data and the thermodynamic 

functions for binary gas mixtures. Table t.2) also contains critical 

properties and interaction constants for the mixture rules of 

Pitzer-Hultgren and Joffe-Zudkevitch.

Program Polyfit: This program uses a least square fit for a

polynomial,

n
q* = £  A. T*J (120)

j=0 3

where q* is any of the generalized quantities given by Gyorog and 

Obert (37) for the second, third, and fourth virial coefficients and 

their first and second derivatives with respect to T*. In order to 

express the entire range of T* the Gyorog and Obert Tables were 

divided into several parts on the basis of T*. Each part was then 

fitted separately to a polynomial. The coefficients, thus obtained, 

were used in the specific polynomial to back-calculate the function. 

For each function, q*, the coefficients for the thirteen polynomials 

are given in Table 32.

Program Constants-Approximation: This program evaluates the constants

a and b, assumed in the sixth and seventh terms of Equation (48), with 

the help of experimental data along the critical isotherms of carbon 

dioxide, propane, nitorgen, carbon monoxide, xenon, etc. Equations 

(58), (59), (60), and (55) were utilized to calculate compressibility 

factor for the critical isotherm. The Lennard-Jones force constants
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were estimated from Equations (20) and (21). Thus, the reduced 

quantity T* was constant for all gases:

Tc = iTk = 0.756T = 0.756 (121)c

where fi/k = 0.756T c
V P°V RZ

= i r " i f r ' -if <122>o c
T

b = 17 (123)o Pc

Subsequently, B*, C*, and D* were computed and were also constant for 

all gases except monatomic molecules. For monatomic molecules Gyorog 

and Obert (37) suggested that the value of D* should be adjusted with 

the addition of 0.02. Finally, the critical isotherm equation for the 

compressibility factor becomes:

V F* V G*
ZT = 1 + ^ -  + —  + —  + —  + I (v*-V*) + ~ i ’ (V*-V*) (124)c v* V* V* 1 c' 2 k c je e

where V = 7̂—  (125)r Vc

= assumed value (126)

= assumed value (127)

E* = E / b4 (128)c c o

F* = V F e"XlVc (129)c c c

B* c* D* E*
= 1 + 7̂v* + -£-

v* v* V*
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G* = V G e (130)c c c

In order to establish two unknown parameters X^ and experi

mental data along the critical isotherms of carbon dioxide, propane, 

nitrogen, carbon monoxide, xenon, etc. are fitted to Equation (124). 

As the equation is not linear with respect to the parameters, these 

unknown cannot be determined by simple regression analysis. A direct 

optimum seeking method was used which operates on an error function 

defined as:

The direct optimum seeking method operates on one variable at a time 

keeping other variables constant. The error function is minimizednon a 

sequential basis varying these parameters in three or four cycles 

until the difference is negligible in the successive iterations. Thus a 

direct optimum seeking method was used to evaluate two unknown reduced 

parameters X^ and X^ with the help of experimental P-V-T data.

Figure I shows curves of X^ versus X^/X^ for different gases.

Taking an average curve for all the gases considered in this work, 

compressibility factors for the critical isotherm were calculated.

Table 3-A shows the average and maximum deviations for Z from the 

experimental data along the critical isotherms for several gases. It 

can be seen in Table 3-A that the best values for X^ and X^ are 1.65 and

(131)
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6.1875 respectively. Thus, substituting values of X^ and into 

Equations (89) and (90) yields:

In the same manner, constants in the assumed temperature 

functions for the fifth, sixth, and seventh virial terms were 

established from the experimental P-V-T data on pure gases. Table 3-B 

shows the average and maximum deviations for Z from the experimental 

data. The best values for n^, n^, and n^ are 1.0, 1.5, and 2.0 

respectively. Thus, establishing all the assumed constants completed 

Equation (48) as function of critical properties only.

Program Compute Z-Factor: This is a main program which calculates

all thermodynamic properties of gases or gas mixtures. It is divided 

into five subprograms which in turn are divided into smaller 

subroutines. A logic diagram for this program is given in Figure II. 

It is capable of handling all the equations of state such as:

(a) Equation (48) developed in this work,

(b) Gyorog and Obert equation,

(c) Generalized BWR equation, and

(d) Redlich and Kwong equation.

It also has option of incorporating several other equations of state 

in separate subroutines. Each subroutine for the above equations of 

state includes calculations of enthalpy departure and fugacity of pure

(132)

and (133)
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FIGURE II
.1.

LOGIC DIAGRAM FOR PROGRAM COMPUT-z-FACTOR

LOCIC DIAGRAM FOR THE MAIM PROCRAM



component in a multicomponent mixture. Each mixture rule considered 

in this work is incorporated in separate subroutine. These mixture 

rules are:

(a) Pitzer-Hultgren rule, i.e. Equations (31) and (32),

(b) Joffe-Zudkevitch rule, i.e. Equations (24) and (25), 

and (c) Joffe rule, i.e. Equations (36) and (37).

Procedure for obtaining the third critical parameter for mixture is 

used such as:

Z = £ y  Z . (134)cm Is,, x cil

The mixture rules, i.e. Equations (38) and (39), suggested by 

Redlich and Kwong were used for R-K equation of state.1 Mixture rules 

for the generalized BWR equation were obtained from the original 

publication of Benedict et al (48). Additional mixture rules can be 

added in separate subroutines. Thus, this program has multifunctional

capability and should provide all the calculations required in order

to predict fugacity coefficient iq£ipurqucomporient in,■system;,; -hl n'
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DISCUSSION OF RESULTS

The compressibility factors and percent deviations from experi

mental values for seven pure gases and fourteen binary systems have 

been computed from Equation (48) and the results were compared with 

the standard Redlich-Kwong, Gyorog-Obert, and the generalized BWR 

equations of state. Three pseudo-critical mixing rules were used to 

obtain pseudo properties of mixtures. For pure gases, the deviations 

of computed values of compressibility factor are tabulated in Tables 

7 through 13. The deviations were calculated by dividing the differ

ence between the calculated and the experimental value by the exper

imental value. The deviations for four binary gas mixtures are also 

tabulated in Tables 14 through 25. Three different mixture rules 

were used in this work. Each table includes the calculated com

pressibility factors and deviations from the following equations of 

state:

1. Equation (48) which is developed in this work,

2. Equation (11) which is suggested by Gyorog and Obert (37).

3. The standard Redlich-Kwong equation,

4. The generalized Benedict-Webb-Rubin Equation (38)

The virial coefficients were calculated from the Gyorog-Obert 

(37) Tables which are based on experimental data for pure gases. The 

percent deviations for pure gases are summarized in Table 3-C. The 

absolute average and maximum deviations indicate that Equation (48)
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gives better results than the Gyorog-Obert, the Redlich-Kwong, and 

the generalized BWR equations. The results could still further be 

improved by evaluating the constant X^ (which is assumed in the sixth 

virial term), from the critical isotherm data and then (which is 

assumed in the seventh .virial term) can be read from Figure I for the 

specific gas. Figure I represents a plot of average values of X^ 

versus ^/ X ^  values obtained by trial and error procedures. These 

values were obtained by using P-V-T data along the critical isotherms 

of carbon dioxide, nitrogen, carbon monoxide, and propane. Due to the 

lack of high precision data along the critical isotherm, the values of 

X^ and X^ have been approximated and are taken as 1.65 and 6.1875 

respectively. The value of X^ is based on carbon dioxide and X^ is 

then obtained from Figure I. These values are not as accurate as 

might be desired for all gases since the P-V-T data for nitrogen, 

carbon monoxide, and propane at the critical isotherm are obtained 

by interpolation from the tables given by Din (64). The carbon 

dioxide data are the most accurate and are obtained from the paper 

published by Martin (58).

The constants in the assumed temperature functions are obtained 

by a trial and error procedure using the P-V-T data on carbon dioxide, 

propane, nitrogen, and carbon monoxide. The approximated values of the 

constants n^, n^, and n^ are 1.0, 1.5, and 2.0, respectively. The 

assumed temperature function gives poor representation of data near 

the bubble point, because the propsed equation is intended mostly to 

fit gas phase data. It could have been improved if highly accurate
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P-V-T data in the two-phase and liquid region were available. The 

assumed temperature functions give satisfactory results compared to 

other equations of state (i.e. Generalized BWR, Redlich-Kwong, and 

Gyorog-Obert equations).

Compressibility Factors For Pure Gases:

Table 3-C gives the comparison of compressibility factors 

calculated from four different equations of state with experimental 

data. The absolute average and maximum deviations indicate that 

Equation (48) gives as good as the results obtained from the Generalized 

BWR equation of state. The average deviation for total of 1515 points 

is 1.3570 for Equation (48) compared to 1.38 for the generalized BWR 

equation.

For illustrative purposes, Figure III shows pressure versus 

percent deviation for nitrogen at three different isotherms covering 

pressure up to ten thousand atmospheres. It can be seen that curves 

for the present equation are near the base lines whereas curves for 

other equations are far from zero deviation lines. Equation (48) also 

gave better results for chlorodifluoromethane compared to the Gyorog- 

Obert and the Redlich-Kwong equations. Generally, the equation devel

oped in this work gave better results for pure gases than the other 

equations.

Gas Mixtures by the Joffe ane Zudkevitch Method:

Table 4 gives the comparison of compressibility factors calcula

ted from four equations of state for fourteen systems. Table 4 also
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gives absolute average and maximum deviations, and the number of data 

points in the system. The results show that the equation developed 

in this work, i.e. Equation (48), gives the lowest deviations for 

most of the systems except methane-hydrogen sulfide, methane-ethane, 

and methane-propane. The methane-hydrogen sulfide system gives an 

average deviation of 2.837. for the present equation compared to 2.80% 

for the standard Redlich-Kwong, 3.567. for the generalized BWR, and 

4.177. for the Gyorog-Obert equations. The maximum deviation is lowest 

for the present equation compared to other equations. For methane- 

ethane and methane-propane, the present equation gives higher average 

deviations than the generalized BWR equation. Whereas the maximum 

deviations are the lowest for the present equation compared to 

other equations.

The interaction coefficients for the propane-nitrogen system

were calculated from the values T and P given by Bosler (61).cm cm
These values seem to be in error. The average deviation for this 

system is the lowest for the Equation (48) compared to other equations. 

Generally, the Gyorog-Obert equation gave higher deviations for the 

systems considered in this work.

Tables 14 through 17 give compressibility factors calculated 

from the four equations for four binary gaseous mixtures:

1. n-butane-carbon dioxide

2 . methane-iosbutane
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3. ethane-propene

4. n-butane-nitrogen

At the end of each table an absolute average and maximum 

deviation is given for each of the four equations used in this work. 

For illustrative purposes, Figures IV through VI show pressure versus 

percent deviation for the n-butane-nitrogen system at three differnet 

mole fractions. The cruves represented by Equation (48) are smoother 

and represent lower deviations than those of the Generalized BWR, the 

Redlich-Kwong, and the Gyorog-Obert equations. The average and max

imum deviations for the system propane-nitrogen should be lower for 

Equation (48) since the equation is developed using data on the pure 

components. It seems that the interaction coefficients are in error. 

The other binary systems give less than 3% average deviations and 

the maximum deviations do not exceed 12%. This relatively high 

value for maximum deviation appears in the results because data at 

higher than 1.8 times the critical density are included in order to 

test all available data for these systems.

Gas Mixtures by the Pitzer-Hultgren Method;

Table 5 gives absolute average and maximum deviations for 

fourteen binary gas mixtures. The Pitzer-Hultgren method is somewhat 

inferior to the Joffe-Zudkevitch method. For example, in n-butane- 

carbon dioxide system, the average deviation from Equation (48) is 

1.95% for the Joffe-Zudkevitch method versus 3.92% for the Pitzer- 

Hultgren method. Equation (48) is still better with this mixture rule 

than either the Redlich-Kwong, the Gyorog-Obert, and the Generalized 

BWR equations.
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Tables 18 through 21 give tabulated results for four of the 

binary gas mixtures:

1. n-Butane-carbon dioxide

2. Methane-isobutane

3. Ethane-propene

4. n-Butane-nitrogen

Figures VII through IX show pressure versus percent deviation

curves for the n-butane-nitrogen system at three different mole

fractions. Curves represented by Equation (48) are smoother and

show less deviation than the other equations. The interaction

coefficients, T and P , for methane-hydrogen sulfide and propane- 
C12 °12

nitrogen are still questionable. The overall results for the Pitzer- 

Hultgren mixing rule are not as good as those for the Joffe-Zudkevitch 

method.

Gas Mixtures by Joffe's Method:

Table 6 gives absolute average and maximum deviations for fourteen 

binary gas mixtures. Joffe's method seems to give the largest devia

tions among the three methods considered in this work. Equation (48) 

appears to be inferior to the standard Redlich-Kwong and the General

ized BWR methods. Tables 22 through 25 give tabulated results from 

the three equations considered in this work for the four binary gas 

mixtures:
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1. n-butane-carbon dioxide

2. methane-isobutane

3. ethane-propene

4. n-butane-nitrogen

Joffe's method is not as good as the other methods for the systems 

considered in this work. Equation (48) is still better with this 

method than the Gyorog-Obert equation.

Enthalpies Of Gas Mixtures

Enthalpy departures from ideal gaseous value are calculated for the 

following gas mixtures.

(a) methane-nitrogen

(b) methane-propane

(c) propane-propylene

For the methane-nitrogen system, the average and maximum deviations 

from the data reported by Bloomer et al (18) are calculated and given 

in Table 3-D. The average and maximum deviations are as good as those 

computed from Redlich and Kwong equation. Figure X shows the enthalpy 

departure from the ideal gaseous state versus pressure for CH4-N2 

system. The average and maximum deviations for twenty four points are 

about the same for all three methods. Enthalpy departures for this 

system are listed in Table 26. Enthalpy departures from the ideal gaseous 

values are also calculated for methane-propane system and are listed 

in Table 27-along with the values published by Edmister and Yarborough (82). 

Figure XI shows the plots of (H*-H) versus pressure for this system.
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From the plots, it is apparent that the calculated values are as good 

as the published values. The values of (H-H*) for the propane-propylene 

system are listed in Table 28 along with the values published by 

Stupin (83). The calculated values do not agree with the published 

data. There is consistent 18-20% deviation for all three methods.

The published data were reported using the graphical integration technique 

and thus the data may be in error.

Fugacity Coefficients Of Pure Components In Gas Mixtures

Fugacity coefficients of pure components are calculated from 

equations derived for the Joffe-Zudkevitch mixture rule. The average 

and maximum deviations for the following systems are given in Table 3-D.

(a) methane-n-butane

(b) n-butane-carbon dioxide

(c) methane-n-pentane

Figure XII shows plots of fugacity coefficients, 0, and 02, versus 

pressure for the n-butane-carbon dioxide system. The average and 

maximum deviations for all three systemsiindicate that the method 

developed in this work gives better results than the other methods.

For example, the average deviation for 0, in the n-butane-carbon dioxide 

system is 4.78% for the present method compare to 12.18% for Redlich- 

Kwong equation. The average deviation for 197 points is about 3.45% 

for 0, calculated by the present method whereas for 0£, it is about 

7.827». Tables 29 through 31 shows the values calculated from equations 

derived for the Joffe-Zudkevitch mixture rule.
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Generally, the equation developed in this work gives better 

results than the other equations tested. Equation (48) works better 

than Equation (11) in which the fifth, sixth and seventh virial coeffi

cients are neglected. The mixture rule suggested by Joffe and 

Zudkevitch gives better results than the Pitzer-Hultgren method,

provided that the interaction coefficients, i.e. T and P , are
C12 C12

accurate enough. Equation (48) seems to be far superior near the 

critical temperature and at high pressure. The results for the 

temperature range covered in this work indicate that Equation (48) 

should give reasonably accurate results up to at least 1.8 times 

the critical density.
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CONCLUSIONS

It has been shown that the equation developed in this work,

i.e. Equation (48), gives better results than either the Gyorog-Obert, 

the Redlich-Kwong, or Generalized BWR equations of state. Equation 

(48) is valid up to 1.8 times the critical density in the gas phase. 

This equation gives better results for pure gases as well as gaseous 

mixtures. The first three virial coefficients are calculated from the 

Gyorog-Obert Tables. The Lennard-Jones force constants are estimated 

from critical properties only. Thus, Equation (48) is in effect a 

three-parameter generalized equation of state.

Compressibility factors for seven pure gases and more than 

thirteen binary gas mixtures have been calculated from Equation (48) 

and compared with the.results obtained from the Gyorog-Obert, the 

Redlich-Kwong, and the Generalized BWR equations of state. Three 

different mixing rules have been utilized to calculate the pseudo- 

critical properties of the mixtures in order to use Equation (48) 

and (11) for gaseous mixtures.

The method suggested by Joffe and Zudkevitch (49) gives better 

results than the one suggested by Pitzer and Hultgren (53). The 

third method used in this work is the one suggested by Joffe (54) 

which gives inferior results for Equation (48) when compared to the 

standard Redlich-Kwong Equation (23).
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Finally, the thermodynamic properties of gaseous mixtures such 

as enthalpy departure and fugacity of pure component in gas mixture 

were obtained and the results show that Equation (48) has advantages 

over other methods provided that the interaction coefficients3 T
C12

and P , are correctly established from mixture data.
°12

If the critical constants are provided, pressure-volume-tempera

ture behavior of non-polar gases and gas mixtures can easily be 

predicted with reasonable accuracy up to 1.8 times the critical density 

with the equation developed in this work.
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RECOMMENDATIONS

The excellent results obtained in calculating compressibility 

factors of gases and gas mixtures indicate that further study should 

be made to evaluate other mixture rules for calculating thermodynamic 

properties. Equation (48) should also be tested for a large number of 

pure gases other than those used in the present investigation.

Equation (48) should also be tested using Lennard-Jones force 

constants for each gas which are available in the literature. The 

temperature functions for the fifth, sixth, and seventh virial terms 

should be examined for other than the inverse-power-of-temperature 

type functions.

An attempt should be made to predict the critical locus of 

binary mixtures from the fact that the second and third derivatives 

of molar free energy with respect to mole fraction are zero at constant 

temperature and pressure (87). Thus,

An equation for free energy is given by the following expression:

(a)

and,

(b)
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= In P + yin y + (1 - y) ln(l - y) + Z - 1 -InZRT
CO

+j[ [p/RT - p )tp\ dp + yiGi (c)

where P  is the molar density.

Equation (c) for the free energy may be differentiated, and the 

conditions in Equations (a) arid (b) may be applied. The resulting two 

equations may be solved simultaneously utilizing suitable mixture 

rules. The predicted critical locus could then be compared with 

the experimental data.



TABLE OF NOMENCLATURE

R-K Constant 

BWR Constant 

BWR Constant

Constant in sixth Virial term 

Redlich-Kwong Constant

R-K Constant

Second Virial Coefficient 

BWR Constant

Constant in seventh virial term 

Lennard-Jones Kinetic Constant

Redlich-Kwong Constant 

BWR Constant

Third Virial Coefficient 

BWR Constant

Fourth Virial Constant 

Fifth Virial Constant

Fugacity 

Free energy

Enthalpy

Boltzmann Constant
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N Avogadro Number

P Pressure

R Gas Constant

5 Entropy

T Temperature

U Internal Energy

V Molar Volume

Y Mole Fraction

Z Compressibility Factor

BWR ConstantOt W

X" BWR Constantv W

e/k Lennard-Jones Force Constant

y  Potential Energy

p  Density

6  Collision Diameter 

Subscripts:

C Critical State

C Critical State of Mixturem
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m  Mixture Properties

R Reduced Quantity

Superscripts:

* Dimensionless Quantity or Ideal Gaseous State

1
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APPENDIX I

Equation (48),

P = RT 1/V + B(T)/V2 + C(T)/V3 + D(T)/V4

+ E(T)/V5 + F(T)/'eaV + G(T)/ebV (1-1)

is differentiated with respect to volume at constant temperature, 

leading to the form:

|»P/a^ T = RT - 1/V2 - 2B(T)/V3 - 3C(T)/V4 

- 4D(T)/V5 - 5E(T)/V6 - aF(T)/eav - bG(T)/ebv (1-2)

Differentiating again with respect to volume at constant temperature 

yields:

[a2P/»V2J T = RT 2/V3 + 6B(T)/V4 + 12C(T)/V5 + 20D(T)/V6 

+ 30E(T)/V7 + a2F(T)/eaV + b2G(T)/ebv (1-3)

Imposing conditions (43), (44), and (45) upon Equations (1-2) 

and (1-3), and dropping temperature dependent notations, leads to 

forms :

1 + B / V  + C / V 2 + D / V 3 + E / V 4c c  c c  c c  c c

+ V F /eaVc + V G /ebVfc = Z (1-4)c c c c c
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Solving the above three Equations,(1-4), (1-5), and (1-6) 

simultaneously for E£ , F , and , expressions in terms of a, b, and 

the critical properties are obtained. Thus, multiplying Equations 

(1-5) by bVc and subtracting quation (1-6) from it, yields:

(bV - 2) + B /V (2bV - 6) + C /V 2 (3bV - 12) + D /V 3 (4bV - 20)C C C C C C G C O O

+ E /V 4 (5bV - 30) + V F /eaVc(abV 2 - a2V 2) = 0 (1-7)c c c  c c  c c

2 2and multiplying Equation (1-4) by b V a n d  subtracting Equation 

(1-6) from it, yields:

(b2V 2 - 2) + B /V (b2V 2 - 6) + C /V 2 (b2V 2 - 12) + D /V 3 (b2V 2 - 20) c c c  c c c  c c c  c

+ E /V 4 (b2v 2 - 30) + V F /eaVC(b2V 2 - a2V 2) = b2V 2Z (1-8)c c c  c c  c c c c

Substituting wn for aV and w„ for bV in Equations (1-7) and l c 2 c
(1-8), leads to:

B C D E
( w 2 - 2 )  +  ^ - ( 2 w s - 6 )  +  - £ - ( 3 w 2 - 1 2 )  +  - £ j ( 4 w 2 - 2 0 )  +  - ^ ( 5 w 2 - 3 0 )

C VC V c V C

+ ~lv|(wlw2"wl2) = 0 (I_9)e c

9 9 ^ ^ 9  D ~ ^ 9
(w„ -2) + (w -6)rp + —  (w -12) +-£. (w/-20) + — ,(w -30)
z z vc V V V

c c c

+ ■ ”22zC (I-10)e

Multiplying Equation (1-9) by (w2 +w^), Equation (1-10) by 

w^, and upon subtraction, yields:



Simplifying Equation (1-11) for Ec> yields:

r D Vj
rWlW2Zc”WlW2+Wl+W2_2') + v^(2wi+2w2_wlw2_6  ̂+ ~^Z(3wi+3w2- L c Vc

D -i
.... - w ^ - 12) -1— ^-(4w^+4w2- w2-20)J

E Vc c
Vc4 wxw - 5(w1+w2) + 30 (1-12)

Substituting Equation (1-12) in Equation (1-9) and simplifying, 

yields :

[ p W22V 4w22“30w2Zc+28w2"20) + (24w2-3w22-30)^-

2 C 2 D  + (18w_-2w9 -30)—  + (lOw -w -20)—^
V F  vc c  c___________________c
eaVc

J
(wi-w2)[wiw2-5(wi+w2) + 3()J (1-13)

Now, finally substituting Equations (1-13) and (1-12) into 

Equation (1-4) and upon simplification yields an expression for :
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V G c c
ebVc

form

E = c

F = c

G =

[(5w 2Z -30wnZ - 4 w 1 2+ 2 8 w , -20) + (24w.-3w 2-30) l c l c i  1 I I  V
c

v ™ ! . _20) ^pT |

7 C+ (18w1-5w1 -30) + (low,

-------------------£------------------------------------  (1-14)
(w2-wi)(wiw2-5(wi + w2) + 30)

Rearranging Equations (1-12), (1-13), and (1-14) leads to the

t
B C D  2B 3C 4D

W1W2 (Zc “ 1 " V” " 7 T  " + (wl + W2  ̂(1 + ~  + T T  + ~ l )c V V c V Vc c c c

6B 12C 20D

>](2 + f  + “ 7 + — V  vcc V v 1 
 £ £  ( I _ 1 5 )

W1W2 " 5(wl + V  + 30

T o 3B 2C D 24B 18C
w /  (5Z - 4 - f - - £T ) + w_ (-30Z + 28 + +  £V „ 2 . 3 2 c v „ 2  c V V c Vc c c

20D -i10D 30B 20D
+  f) - (20 + ---1 +

V V° c c _ (I_16)
[wi- w j  [wxw2 - 5(wj + w2) + 30J Vc e“wl

„ 3B 2C D 24B 18C
|w. (5Z _ 4 _ _£_) + „ (-30Z + 28 + ----- + c1 c Vc v 2 3' - - C  , 2

c c c

10D 30B 30C 20D
+ — ^ )  - (20 +    +  £ +

20D -I

7*]3 ' v 2 3V V V V _
— ------   £------     — ----    (1-17)

0^2 “ Wl| {ĵ iw2 " 5 (wi + w2  ̂ + 30J  Vce
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APPENDIX II

DERIVATIONS OF EXPRESSIONS FOR THE THERMODYNAMIC PROPERTIES

Expressions for the thermodynamic properties such as internal 

energy, enthalpy, entropy, fugacity, etc., can be derived from Equation 

(48) as follows:

Internal Energy: The deviations of internal energy from the ideal gas

values may be written in the form of the equation:

U ■ U* = "Jv T (dP/aT)V " P dV (II-1)

To integrate the above equation (II-l), it is necessary to derive the 

term (3p/<?T)^ from the Equation (48) which can be written as:

P = RT 1/V + B(T)/V2 + C(T)/V3 + D(T)/V4
f 1'L - - wj+ E(T)/V5 + F(T)/eaV + G(T)/ebV (II-2)

where E(T), F(T), and G(T) are given by the following equations:

E (T) = Ec (Tc/T)nl (II-3)

F(T) = Fc (Tc/T)n2 (II-4)

G (T) = Gc (Tc/T)n3 (II-5)

Differentiating Equation (II-2) with respect to T, keeping V constant, 

yields:

R/V 1 + B(T)/V + C(T)/V2 + D(T)/V3 + E(T)/V4 + VF(T)/eaV(9p/3t)v =jj
"]+ RT/V [l

1

+ VG(T)/ebV *J + RT/V 1/V dB/dT + 1/V2 dC/dT + 1/V3 dD/dT + 1/V4

dE/dT + V/eaV dF/dT + V/ebV dG/dT| (II-6)
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In order to get the first derivatives of the fifth, sixth, and seventh 

virial coefficients, it is required to differentiate Equations (II-3), 

(II-4), and (II-5), respectively, with respect to T. This leads to the 

following three equations:

m
= F n c (H-7)

dT " c l  ^ + 1

dF _ „ Tc 2 ( .
dT " cn2 Tn2+1 ( H - 8)

n
T 3

dG - r « c — -G n„dT c 3 Tn3+1 (II-9)

Substituting Equation (II-6) in Equation (II-l) and integrating it 

as a definite integral, leads to the following form:

U - U* = -RT|T/V dB/dT + T/2V2 dC/dT + T/3V3 dD/dT + T/4V4 dE/dT! T

L   '1
+ T/aeaV dF/dT + T/bebV dG/dT| (11-10)

Enthalpy: In a similar manner, the equation for enthalpy can be 

derived. The enthalpy departure of a real gas from the ideal gaseous 

state can be given as:
ao

H - H* = PV - RT - J^^T(3P/<?T)v  - pJdV (11-11)
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Substituting the term (dP/3T)^ from the Equation (II-6) and 

integrating between two limits, Equation (11-11) gives the following 

form:

= Rt|z - 1 - {t/V dB/dT + T/2V2 dC/dT

I- T

H - H*

+ T/3V3 dD/dT + T/4V4 dE/dT + T/aeaV dF/dT

+ T/bebV dG/dT>| (II-12)

Entropy: The entropy departure of a real gas from the ideal gaseous

state can be represented by the equation:
CO

S - S* = Rln(PV/RT) - J^|$P/2t )v - R/VjdV (11-13)

In order to integrate Equation (11-13), the terms P and ( P/ T) 

should be substituted in terms of Equations (II-2) and (II-6) respective

ly. Integration of Equation (11-13) leads to the form:

S - S* = Rln (PV/RT) - r|i/v{b(T) + T (dB/dT)} + l/2V2{c(T) + T (dC/dT)}

+ 1/3V3{d(T) + T (dD/dT)} + 1/4V4^E(T) + T (dE/dT)} + l/aeaV

{f (T) + T(dF/dT^ + l/bebV{G(T) + T(dG/dT3}J (11-14)

Fugacity: The fugacity of a pure gas is related to free energy by

the following equation:

ln(f/p) = (1/RT) (G - G*) (H-15)

where (G - G*) can be expressed as:

G - G* = (H - H*) - T(S - S*) (11-16)
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substituting Equations (11-12) and (11-14) into Equation (11-16) and 

subsequently into Equation (11-15), yields:

ln(f/p)= Z - InZ - 1 + B(T)/V + C(T)/2V2 + D(T)/3V3
+ E(T)/4V4 + F(T)/aeaV 4- G(T)/beb ĵ ( H “17)

Thus, any other thermodynamic property can be derived from Equation (48).
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APPENDIX III

FUGACITY RELATIONSHIP FOR PURE COMPONENTS IN GAS MIXTURE BASED ON

JOFFE-ZUDKEVTTCH MIXTURE RULES

The fugacity of a pure component is given by the following 

equation:

In (f-I /yP) = ln(f /P) + (H * - H )/ (RT)T (1 - y) T / Y I m m m  K K
+ (1 - y)(Z - 1)/PR ( PR/ Y) (III-l)

The mixture rules suggested by Joffe and Zudkevitch (49) are given by 

the following equations for a binary system:

T 2.5 T 2.5 T 2.5 T 2.5
C 2 C1 2 °2 °12 p  = y --- + (1 - y)   + 2y(l - y ) ^ ---  (HI-2)
c c]_ c2 c12

T T T T
° 2 °1 2 °2 C12 j- = y' j 1- * (i - y ) + 2y(i - y ) p ^  (m-3)
c C1 c2 C12

Solving the above two Equations (III-2) and (III-3), simultaneously,

for T and P , leads: c c
. _ S.y2 + S (1 - y )2 + 2S y (1 - y)

T - — 0----   5-----    (III-4)
c S4yZ + S5 (l - y y  + 2Sgy (1 - y)

S y2 + S (1 - y)2 + 2S y (1 - y)
P/ - 5 =  ----   5----- =2-------- 2~~5 (III'5)

S4y + s (1 - y) + 2S y(l - y ) ^ 5
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where:

T 2'5
51 =   (III-6)

C1

T 2 -5
52 =   (HI-7)

C2

T 2'5
53 =   (III-8)

c12

T
s4 - (III-9)

C1

Tc
55 = ^  (III-IO)

C2
T
C1256 = (III-ll)
C12

Differentiating Equation (III-4) with respect to y, leads to:

° '3 y ' [ » 4y2 +  S5 (1 - y>2 +  2S6y(1 ■ y)J

where:

*Ci = [(s4y2 + S5 (l - y)2 + 2S6y(l - y ) } ^ ^  - 2S2 (1 - y) + 2S3 - 4S3y} 

- (siy2 + S2 (l - y)2 + 2S3 (1 - y)y}{2S4y - 2S5 (1 - y) + 2Sg - 4S6y}~j
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Upon simplification, Equation (111-12) leads to the form:

1 • 5Tc' ■-T ~2--------  2------------ T2 (HI-13)
| V  +  s5 (1 - J) + 2S6y(l - y ) U

where:

eC2 = 2y2 (S1S6 - S3S4) + 2(1 - y)2 (S3S5 - S2S6)

+ 2y(l - y)(S1S5 - S ^ )

Similarly, differentiating Equation (III-5), leads to the form:

1-5Pc'5G r ) - ' r - 2------------‘t ------------ n s  (in-14)^  s  i  l. , Q , o c  ✓ -  „ \ | Jjs4y2 + S5 (1 - y)2 + 2S6y(l - y)J

where:

2S3= [{.V2 + V 1 - y)2 + 2V (1 ' y)}2 '5(2Siy - 2S2 (1 ■ y) +

- 4S3y) - (siy2 + S2 (l - y)2 + 2S3y(l - y)){2.5[s4y2 + S5 (l - y)2 

+ 2S6y(l - y)31'5)(2S4y - 2S5(1 - y) + 2Sfi - 4S6y)J

Expanding Equation (III-14) and then simplifying, gives the following:

1.5 P r 5-------------o-2----------- T T T  (III-15)
c dy [s y2 + S (1 - y)2 + 2S y(l - y^ 3,5



where:

^ 4  = lly 3 {(3Sl + 3s2 ' 6S3)(S4 + s5 " 2S6}) + y2{Sl(S! 

+ S2 (8S4 + 9S5 - 17S6) - 2S3 (4S4 + 5S5 - 9S6)} H

S2 (5S4 + 9S5 - 16Sg) + 2S3 (S5 - 3Sg) + (3S2S5

+ 2S3S6,
A ]

Equations (111-13) and (111-15) can be written as:

0Tc^ V\ l  + (1 " y)\ 2  + 2y(1 - y)RF3(£>
'8y/ < v V

and

where

(3J i \  y% 5  + ̂ 2rf6 + yRF7 +

*7 ' "  < V > 3-5pc'5

V  ” 4/3(SlS6 - S3S4>

*T2 = 4/3<S3S5 - S2S6> 

Rj3 - 2/3(SlS5 - S2S4)
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Rp5 = - |(2S1 « 2S2 - 4S3)(S4 + S5 - 2S6)j (111-22)

" m  * | E i (S5 - V  + S2 (8S4 +  9S5 - 17V  ' 2S3 (4S4 + 5S5

- 9Sg)J (III-23)

Rf7 = j  [2S1S5 - S2 (5S4 + 9S5 - 16Sg) + 2S3 (Sg - 3S6>| (III-24)

*F8 ' i[?S2S5 - 5S2S6 + 2S3SI] (III-25)

In order to substitute Equations (III-L6) and (111-17) into Equation 

(III-l), it is necessary to use the following equations:

and

where

and

aXR _ T
8Tc " ' I 2c

!!*  j l
8Pc "  P 2c

(III-27)

(111-28)

(111-29)

since
Tr (III-30)

c
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and
PR = f- (III-31)

c

Thus, substituting Equations (111-16) through (111-31) into Equation 

(III-l) and then rearranging, leads to:

, f £i\ . f V ) ,  V  - y > (Hm  - V >  [ A l  +
c

2y(l - y)Rp3 (1 - y) (1 - Z ) p  ^ 5  + 7 *F6 

<*F4>2 ?c1'5 »- (RF4)3'5

)3-5 J+ yRF7 + h a  

(RF4
(111-32)
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Z (exp) 

Z (P)

Z (0)

DEV (0) 

Z (R)

DEV (R) 

Z (B)

DEV (B)

VARIABLES PRINTED IN THE TABLES 

Experimental Compressibility Eactor

Compressibility Factor Computed for the Present Method

Compressibility Factor Gomputed for the Gyorog-Obert 
Equation

% Deviation Gomputed for Gyorog-Obert Equation

Compressibility Factor Computed for the Standard 
Redlich-Kwong Equation

°L Deviation Gomputed for the Redlich-Kwong Method

Compressibility Factor computed for the Generalized 
BWR Equation
KK7R
% Deviation Computed for the Generalized BWR Equation
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S U M M A R Y  ON TAB L E  7

THE C A L C U L A T I O N S  OF C O M P R E S S I B I L I T Y  F A C T O R S  FOR THE SYS T E M - C „ H j 
U S I N G G Y O R O G  AND O B E R T  TABL ES F OR  V I R I A L  COEFF.

AND E Q U A T I O N  D E V E L O P E D  IN P R E S E N T  W O R K

THE A V E R A G E  (ABS) D E V I A T I O N  = 1,01
THE M A X I M U M  (ABS) D E V I A T I O N  = 6 , 6 4

AND G Y O R O G - O B E R T  E Q U A T I O N

THE A V E R A G E  (ABS) D E V I A T I O N  = 1,06
THE M A X I M U M  (ABS) D E V I A T I O N  = 10. 4 7

US ING  S T A N D A R D  R E D L I C H - K W O N G  M E T H O D

THE A V E R A G E  (ABS) D E V I A T I O N  = 1,21
THE M A X I M U M  (ABS) D E V I A T I O N  = 2 0 . 7 6

AND B E N E D I C T  E Q U A T I O N

THE A V E R A G E  (ABS) D E V I A T I O N  = 0 , 3 5
THE M A X I M U M  (ABS) D E V I A T I O N  = 4 . 6 2

TOTAL NO. OF DATA P O I N T S  IN THE S Y S T E M  = 213

C R I T I C A L  TEMP. OF C O M P O N E N T  (A) = TCI = 3 0 5 . 4 2 9 9 3  DEG K
C R I T I C A L  PRESS OF C O M P O N E N T  (A) = CPI = 4 8 . 2 0 0 0 0  ATM.
C R I T I C A L  ZC OF C O M P O N E N T  (A) = ZCi = 0 . 2 8 5 0 0 0 0 3  
A C E N T R I C  F A C T O R  OF C O M P O N E N T  (A) = 0 . 1 0 5 0 0

C R I T I C A L  TEMP. OF C O M P O N E N T  (B) = TC 2 = 3 0 5 . 4 2 9 9 3  DEG K
C R I T I C A L  PRESS OF C O M P O N E N T  (B ) = CP2  = 4 8 . 2 0 0 0 0  ATM.
C R I T I C A L  ZC OF C O M P O N E N T  (B) = ZC2 = 0 . 2 8 5 0 0 0 0 3  
A C E N T R I C  F A CT O R  OF C O M P O N E N T  (A) = 0 . 1 0 5 0 0

vr
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O' CM CO vf CO 00 CM in CM CD O' COO M v l P- r-tP- Vf r—lO' P- m m'S- vO c vf O' CM 00 Ĉ CVJ p- CMo o rl »-4 f-4 CM CM CM CM vf in• • • • • • • • • • • •r-4 pH i—4 r-4 r—1r-4 pH *-4r—4»—ipH pH

cm r- CM O  CM 00 O' o cm r- m
oo O' H r—l r-l O  r-tm M" M* r- CC• • • • • • • • • • • •
o o r-4 pH r-4 r-4 r—4r—lr—4pH rH
1 1 i i i 1 1 l 1 1 1 1

r-4 O' co O' co O' P- in O' CM in r-4
O' >4- O' p“ p- CO O' o O  r-4O' CO<o O' Vt- o  «o CM 00 m r—4 P- CVJ 00O  O H CM CM CM CM vf in tr> xO nO• V • • • • • • • • • •r—4»-4 r—lp—4 r—4r—4 r—4 i-4»—1 r—l r-4r-4

CM 1—  -O CM CM O' CM CM O' vO O  CMBOO' r—lr-t O P~ vO Vf r—lr-4 m xO• • • • • • • • • • • •
o o *—i r—4 r—4 00

O o o o o1 1 1 1 1 1 1 I 1

r—l O' M" «0 O' oo <o in O' CVJ CMO' vl- O' r- oo CM P- CM O' r- m o
to O' <r O  < 5 CM O' <o CVJ O ' xO m
O  O  r-t CM CM CM CM vf in in xo r-
m • • •  m •  • • • • • •
H H r4 r—t r—t r—4 «—4r—4r-4 r—l p H r—l

in ̂ in
a. m  m v f
X o o O
U j o c o

•  • •
pH pH r—4

Ul UJ
go  m P-

2 . a o  h- co
3 CO CM 'O—J O ' in oa  h- •  • •
>* u r- xtr> O  O ' CO
LU o pH
QC
- J

00 oV) • •  • •
Kf) SI 7 8 O '
ULI H- CL <  
CL

*4" r— o  cm in oo ho o ■—< •—i cm m  mo o o  o  o o o

O ' C fC M  t—l v f  CM r—I
yO m  o m  M- st O'

o o o  o  o o  o

r l  r V  (M CM m  O

o >o co CO pH >tlA xO CO p- CM p-
CD in CM pH (M m >o O ' CM vf 00 O 'P- o xO CM CO o o CM O ' m pHo r—l pH CM CM ro M- in in O  p-• • • • • • • • ■ • • •
r—4 pH pH pHpH pH r—4 r—4 r—4 r—4 r—4 pH

in cm p- O' in in in co O' CM m mCM O ' O ' pH xO CM CM CM r-t m O '
r-4 O pH O' m CO r—4 a> CO o cm r~
Vf pH O' CM O' xO in CM CM CM r—4 o• • • ■ • • • • • • • •
in CM CM pH pH r-4 r—4 r—4 r—4 r—4 r—4

o O o O o 00 o o o o o• • • • • • • • • • • •o o o o o o o o o o o oin o o o o o  o o o o o o
r-4 CM m in -D P- 00 O' o r-4 CM



141

i
x
UJh- • 
in u  
>- u
to at 

□ 
uj o  
X

< c M  o
cc f* o  r~
□  a C x •  »
u  «— cc O  M

> a r-i
O' to 2

cc ac II II
d  a K
1—  u 2 X z

UJ o LU a  a
_ l <X l /> to »—• ►—i
CO U  UJ LU f -  H -
<1 _ i ac <  C
h- >- co a. M M

l- < >  >
Z h* h- X LU UJ
o _ l a. a

w  h-
> - CQ CC Q —
cc i—i UJ UJ m  to
< £ to CO CL ao ca
j r to o a C <1
X LU - i — ■ w
X CC O LU
to CL Z > U J  X

X c LU e  x
D O <  X
i_> e> oc •->a X Ul X
u  cc a >  <ra  a i— i <X X

> f-
to o < LU UJ
X X X X
D a 1—  I—
►H O  UJt— z<  —t Q_i w zX X  <o
—I
<.i_>
UJ
X

00 <r O'
tO (M «0
• • . .

»—1 O
m

o

v}- 00
m

II ii o
- r

ii ii

X X f— X X
a o UJ o  a
►—« M X H-4 f—*
H- h- 1 - 1 -
< < o <  <t

M X HI HI
> > D >  >
UJ Ul jTJ LU LU

a o o X a  a □
M t H-4
»- *-» X -— ^ I—
< to to o to to c
X co ca H* CO CQ X
G> < _ l <  < o
UJ Q

UJ
LU

1 - LU X DC UJ x
oc o X O X
UJ < X o <  X
co ac ►—1 ac CC H-I
a LU X <1 UJ X 1—
l > < D >  < l_>

o < X X < X H—•
D < o
ac UJ LU H- UJ UJ UJ
□ X X to X X X
> !“ 1 - 1— h~ LU
o o CO

Q 1—1 a
X to X
< —1

• •
O X UJ t- 
Q <tW

m  O' hCM O' OO' O' M  
cm cv in <r m  it O' in O' oco in • • co o• • x  cm 'j- in •—i

r-t cm uj rn n  ^  ^
-O I— O' o

CO CM •II II >- II II • oto oX X  ’—1 *”4 II
□ a  uj o  a.mi-* X h u - l  IIf— I— I- o<  <  iii im
H  H  2>  >  H* -* ~  II <
uj uj c  <r w
Q O COf- c  f-
 Z  t— I— —  z
CO CO •-* Z  Z  UJ
CO CO O UJ UJ I— z
<f < CL z  z  z  a
— — a  a  uj cl

<X CL CL X X
uj x  i- x  x  a  a
O X  <  DO O . U
<  X O O l_> X
a :  w  D u
UJ X U U U O D
>  <  a  a c
<  X u. ac• • to D  DUl UJ O  CL to h-
X X X  X  UJ O
I—  I—  ui dc cj <r

—J I— CL M U<tI— —I —I _l o
□ <1 <t <5 —*I— u  u  U  AC

I—II—It—( I—
I—  i—  i—  x:
M W H UJ
cc cc cc c_>O  O  l_> < CR

IT
IC

AL
 

TE
MP
. 

OF 
CO

MP
ON

EN
T 

(B
) 

= 
TC
2 

= 
13

2.
92

99
9 

DE
G

CR
IT

IC
AL

 
PR
ES
S 

OF 
CO

MP
ON

EN
T 

(B
) 

= 
CP
2 

= 
34

.5
29

01
 A

TM
CR

IT
IC

AL
 

ZC 
OF 

CO
MP

ON
EN

T 
(B
) 

= ZC
2 

=0
.2

94
58

95
2

AC
EN

TR
IC

 
FA
CT
OR
 

OF 
CO

MP
ON

EN
T 

(A
) 

= 
0.

04
10

0



142

Ui
co
>

u ® o > t '0 m r - m - t  o o  
o  o w m n  mm (vin

r t i n o m c o o ' H m o ' N O '
O O O r-4'. H r-4 CM (NJ H; H. r-4

X > • • • • • • • • • • • • • • • • • • • • • •
1— LU o o o o o o o o o o o O O O O O O O O O O O

cc
o
UL
to

O

CC

1
<fco-ot'-<i-'OCMininC'iA
coi-iff»«oo'»-*rn>i->j-mc\i
O ' O ' O O ' t m H O h - i o m

«o o  o  co >t oo O 'o  m in <t
o < r » i n  m o > < f H M < i
0 'C 'o r~ 'O in m N f- to ' f f lcc w O'O'O'O'O'O'C'COOCOCO O' O' O' O' O' O' O' O' O' 00 00

□ M • • • • • • • « * • • ■ » • • • • • • • « •

«_>
<r
LL

>
Oi

o o o o o o o o o o o

o o n i n i n o o m ( 0 ( M > m
o o o O H m m - o o ' N ' O

o o o o o o o o o o o

H N H O f M O ' i n o m m o '
o  o  o  o  o  o  h  n  m ^

1— > • • • • • • • • • • • • • • • • • • • • • •
IU o o o o o o o o o « - < » - * o o o o o o o o o o o
<3 1 1 1 1 1

H-4
co

CO
tn'OfMOcncMincncM'S-'O
O N O O ' t c O r - J ^ v O h N

C'-3-h'r-4<f'l-(\]COO'eOs*'
®<f® r-mmiH ®in(M O'

to O'. f f - c o N i n m m o o 'O ' i - O' CMC^'Olfl-fNHOCO
LU w O'O'O'O'O'O'O'd'OOOO O' O'O'O'O'O'O'O'O'O'CO
0£ rvj • • • • • • • • • • •
Q.
Xa
o

LL

*»>
a

o o o o o o o o o o o

H m m N i n - f ' O o o o m ' t  
C C O H n O t D C v f O N

o o o o o o o o o o o

o>-«'0*-to<M-i-<o->i-<\»in 
o o c H N m < f i r ^ e .  c

3 > • • • • • • • • • • • • • • •  • • • • • • •

to

a §
i—t <3

UJ
a

O O O O C  O O r-4 r-4 ■—< CM

- o o ' t D N N ' O i n o ' m o o
C0(\llftr-l<OO'tr-O(M(M

0 0 0 0 0 0 0 0 0 0 0
1

0' 'OcMcnor~oooo<\i-3-
o-j-0'tot^in-i-cvio'r--a-<3. § a O'O'COMn-tlMOO'MA O 'O 'co i^ -o t r i -4 ' rnooo '

H~ P-i w O'O'O'O'O'O'O'O'tDOO® O' O' O' O' O' O' O' O' O' O' CO
o 3 M • • • • • • • • • * •
rH OL 1 O O O O O O O O O O O o o o o o o o o o o o

LU
—I

2.
a  x
o  tu 

1— o. r - tm m N in ' j - 'O o o o m - t O r l> O H O N 'J - '0 < f N in
CD LU tO — o o O r i m o r o o > t o o M OOOOCMO,  v r m r - O O
< x  >- > • • • • • • • • • • • • • • • • • • • • • •
H I— to UJ OOOOOOOr-4r-(r-4fM O O O O O O O O O O o

o 1

o O' CO CM CM in o  CO c  o O' •0 CM CA *—4 r- o 1-1 00 CM -S-
CO <\l in r-4 o co M-O'cor-in-s-cMO'r-v}-

a. O' O' cc- r- in <r CM o  O' r- in O' O' ao r~ •c in <• <n r—4 O  O'w o O' O' O' O' 0' O' O' CO CO CO O' O' O' O' O' O' O' O' O' O' CO
LU ini • • •> • * • • • • • • UJ « • • • m • • m • •00 00 o o o o  o 00 -J o 000 O o o o o 00

o  a LL o O
LL o• s:

\
o• 21

o h- in O t f t H O ' o O cm m cn O' r-4 O  1— O' m O  CM CM O O' O' o o «-«o  r- LL Ol cc CM in c CM vO oo r- o CA co r~ UL 00 •s- co r- in CM O' o CA O' in
cn ca 3 X O' O' co r- in co rH O' in ca • CA 3 O' O' oo r* >0 in CA CM r-4 O' CO• O LU O' O' O' O' O' o 0s GO CO CO CO •S' O O' O' O' O' O' O' O' O' O' CO CO
o ii w • • • • • m • • • • • (A II • • • • • • • • • • •
CD

20
2 h4

LU
o o o o o O o 00 c o r-J

^ %
X 20

2 o o o  o o o o o O o o

• UJ -J r-4 f—■ IA CO cm oo 0s m  co in oo W • (A sf O  'O •O r-4 CM in o rH of*. s: Cj CO CO •H CM o M* o o  in CM CM CA CA 0' CM (A CM CD CM in O' r- rH
II a. 3  s: •o o in on CO CM CO rH CM o  ca II CL. •O cm m  O' CA co CM O' •o m in

s: -j ^ r~ r- m CM CM H  CM c  Mr cm m CA •o cc in CM in O' in n- nO
LU LU II a  h- • • • • • » • •  » * • LU LU II • • • • • • • • • • •
a: fr— >  UL nO CM 00 *-( in CM CM O' O' CM -O K. h- CM CM CC. r-4 O' CCV rH o •c 00 CM
3 -J 3 m c o o o o ' C M O ' r - m ^ - >1- CA 3 _J CA •O CM r-l CA o CO so in •4“ M"
H - i D UJ O O' r- m H 1- -J □ CA CO •S' CM r-4 r"4
<t < > a: <1 <t >
a! o 3 H in o o o O o 00 o o o: O H in o  o c a c o o o O
LU • • • • • • • • • •  • • • LU h-4 • • • •  • • • • • • • •
0.1-1- KTi s : o o i-» CM CO M- m MD r- co O' CL t— f - o o r-4 CM 3 4 5 6 7 oo O'
X *-* UJ H* X H4
LU a : CC cc  < r LU Ci OC
l— O O a . 1— o o



PR
ES

SU
RE

 
VO
LU
ME
 

Z(
EX

P)
 

Z(
P)
 

DE
V(

P)
 

Z(
O)
 

DE
V(

Q)
 

Z(
R)
 

DE
V(

R)
 

Z (
B) 

DE
V(

B>
AT
M.
 

CU
FT

/M
DL

E

143

o  cj >-« «-* <m w  <0 r- O' r- ca O' in ro 0* co m  m  m
. - l '.-4  O O O O O O O  O i*-« O  O  O  O  N  < t  0> »-4
t •

0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  o  —-i

co c- H i f i o o ' r - ^ o > f N f f l ( O v o c o ( > n o ' N
03 CO 0'!Ar-lr-IC\lr»\vJ-'4-N}-sJ-<i-Nj-OOC\jr'-C\]>000 O'C'O'CQf^vOin'tmNHOlTlO'Nnw
co r- o '0 '0 '0 '0 '0 '0 '0 'C M > 0 '0 'o o M ^ > o i f t• >
0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

r -  c j  N O O N H H O f f l H i n F t i n o N N O f f '>o >t- o o o o o o o o o o i - t r - i s r r - o c n m..  •
O  r-4 O O O O O O O O  C O O O O O . - l . - i . - lI I I I I

in o  r-*>oc\ic\j(\iooorricc«-tmf\j>3->i-tnm«3-
in 00 (M nr4 <M m > t ' f in in '0 O om st> 0(M sr
r- o  O 'C 'O 'aor- 'O in ' i -mnj^ io ino 'n i 'a -^- tcon- o'O'O'O'O'O'O'O'C'O'O'O'oonnotn. .  » • » • » « • • » » .  • • • ■ « »
0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

o  -? N«iinoo^oin'tnno'(Mnin(vnMNm  <r o c o o H W ( \ i r i f f i < t i r i ' C N O ' n n H. .  • • • • • • • • • • • • • • • • •
r~< 00 o o o o c o o o o c o o . - i . - i o j r c i i n

0 0  N t c n N n o N m N O ' O n n w n m nr—i r~ ( M O H m  +  >on<DO'00>-iOri-coniM
coo O ' O ' O ' o o n o i n - f m n N r - i o o m i f i m
oo co O 'O 'O 'iMno 'O 'O 'O 'O 'O 'CMooonoin» •
0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

o  in rvjmmco>d-oin>j-n-(^0' 0' ' 0 >0 (M(Moom  <j- o c o o H N N m m s i - i n ^ N a M n m. .
r—i m o o o o o o o o o o o o r - i ^ - i n i m f n

0 0  cvjoop-<\ir-o(vjmcMO'Or-*n-<\jooom
r—i  n- O ' l n n n ^ r o n e o o ' O o n O ' t i D o m
coo O'C'C'ccn-oir ,  -3-omnjr- i>oominc\ i
COCO O'O'OO'O'O'O'O'O'O'O'O'COfflf-Olfl
• • Lii • • • • • • • • • • • • * • • • •

0 0  _i 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
U- O  □

o  2:• \n-n- r - io t -  o o N v f m ^ o o H t o ^ N O ' o n N n ^O' r- m  r- u. 0'in.-iojm<f-'3-inininin>3-occo'm'0
'O a> • c n o  O ' O ' O ' o n r o m ^ m N H o i n o H n o00 n  co o  o 'O 'O 'O 'O 'O 'O 'O 'd 'O 'd 'O ' to n n ro m
• • co 11 • • • • » • • • • • » • » • « • •

C O  «-i co o o o o o o o o c o c o o o o o o
-- o^  njo  0  —  • n < o > O N r - 0 ' H H n N i n n o o o i n H m

a> ■? rc tno'cvi'j-ccvrr-cnn-tn<Mr-i^-ico o  <r in
r-4 r- II a. O ' O i n O ' O ' m ' t N ' t ' t H H H l f t H O ' ^
r-r-  2; rcoO'fCsforciinnjn-i-icocc»o>off 'Co
• • LLI LU II • • • • • • • • • • • • • • • • •

n-n: ql i— >ocMcocMcn>a-0'0-fn>a-co<\i>oooc‘‘iO 'o
mm .0 —i (M > t 'O m inr - i i>n ro iA o- ' tN - i r - iI— —1 O  M f O N r l H<  <  >
c o  cc o  . - i i n c o o o o o o o c o o o o o o• . LU rH .
o  in a.1—1— o O i - K M n r j - i n o M D O ' O i n o m o i n
H H  2 1  r—I l-r  ■—I •—I (\J CM m  CO

uj cc aZ 
1—0  0



TE
MP

ER
AT

UR
E 

= 
20
6.
31
 

F 
CR

IT
IC

AL
 

TE
MP
 

(K
) 

= 
37

0.
00

 
CR
IT
. 

VO
L 

= 
3.
20
2 

CU
FT

/M
OL

E

144

ca
>
LUa

o o o o o  o  c o  c  h  roin >j- in tn »o >3- ro o* o «-< sf »-t e\i 
oooooooooooooor-»mc\ir^ooo'r-ir-«o'%a-^-io

CD
M

m r < O H ^ v O i >- h < n i n m i r t i n ( D o o o N M ( o i » « N H ^ H a >n i n o c o o ' O H N m m m > i - o O ' O H « o c o m > o o o c M o > t O ' 0 '<or-om-}'-tmMH,o>-iincoocDK:o(M'tha'r-iinf-i^o00'0'0'C'£J'0'0'0'®C01^<0'0'J'MMMMMlMffl-t1or'0'
o o o o o o o o o o o o o o o o o o o o o o o o o o

o'

>
LLia

r-l(\lr4r-IH4'i-l-tin(<lO0'--l(MC0^\fl^0'v0inC0C0O0''0
O O O O O O O O C N ' J N M D O ' C O O N O C O C O v t H m i n j )

O O O O O O O O O O O O O O O O m O C f l O « 4 - m r - t > 4 - C O ( V JI I i ■ I I m O ' O ' O i n m ' t m M N

cc
fvj

•>ocncornh-otvjco>-<'0co^\0'0moa>»-*p^(vja'0»-<o>or-m i n % o o o ' H N « i ' t ' 0 ' i - ' O o a ) 0 0 ' M n B > o o n N ' t o c offlr-oin-3-'4-MNH>cr-iino'Ocir'Mcomccr-tinH^jOr-iO'O'O'O'O'O'C'O'tMDtor^'O'O'fMtnm-t'j-ininhoooH
O O O O O O O O O O O O O O O O O O O O O O O O * —l«-i

□u

a
>
UJo

a
tvl

Hmo'fno'HO'O'O't-tm'OMnon-Nr^ino'r-f^r^f^oH H r t M M p K f i K M n o i n m M n H M D c o ' t O ' - O M c o m c ' r - i
c o o o c c o c o H H N ( v m i n h - G i n c r \ ' 0 ( M i n 1Offic

m  cm cm --h r-c cm m  vt- 
l I l l

tntv r ' n - i n m ( i ' ' t c D - O r - i r - i h - M H f f > f f i < i - K O M C M ' t ' t ® r n
ccr-'OvOLnM-mcvj^r-cM'OocMoo'r-orM^-invocor^rHsr0'ff>ovONO'0>0'(MJ'oocor^NvOin(MCMm«imfOtn-t'i-inin
O O O O O O O O O O O O O O O O O O O O O O O O O O

UJ

CD
c

a.
>
LUa

Cl.

h4

r-ifrio^cnch-*chONO*^in>oo'0^r-ioOHr*cMin>3-r-40'^-iH H H { M f \ i ^ ^ i n i n c i n ^ N D O ( M O N t ,cocir\(M>tHO'(M^
o o  c o o o c o O r i r t N N n N  O H M M M i n ' f i n m M i ni c I I I I I I t I

cc r- i"" i"- m  m  o ■j-cD'Or-iMMr^M'O't'tMO'r' oinci-io' 't'Ooocj'tinMoiO'fcD'j-HiO'OommoNncai^r'fl' a^o<oinsKfiMHf'M<ccMeoh-i-i(ciiOO'H<-f^H«tin 0'0'0'0'0'0'0'0'0'cocor-r«->c>sfcM<MCMeMc\jfamM'or~co
o o o o o o o o o o o o o o o o o o o o o o o o o o

Q.
X

mmoNLaao<rcMcoh-ooinr^O'0'0'3-r^oincno^cn>-cominiicoo'-iNNn-tHOinmin^moc octiO'O'NfMcoNcoM>oinj-'j-miMH^Hincooh-r'<-i>j>0(j'MinO'tiy' HO'O'O'CT'O'C'O'O'Cf'COOOt^'C'O'd'MNMNMmMinvOn-O'
c o o c o c o o o o o o o o o o o o c o o c o o o c

o  □  o  s:
_I X  □  I-> u.

id
LU O  
CC
z>to «oo z:
LU h-
CC. <  
a.

on>t(Mno'HNco(MO'HNi-iiDOh-'00'>0'OocoNinm ■-Hi-iNtnct'imincccDttir-ir în'OrHr-iir', t^invtMinincnfnco Ni-i'fHh-0"OinNNmO''-imcoo(^'t'OHcotfm>OH[^^^-tiricMO'f^-£)oov}-oi^-crl—icnr^cMoo'cocor-r-'OiriinM-
O ' C h m ^ i n > O O ' < t C O 0 ' - f H C O U ' i C r i N H H H H H H H r l H
ff| in ft  Q\ I— -Om'H'-tMrHrJH 
CM I—t rH

o o o o o o o o o o o o o o o o o o o o o o o o o o
< M m - 4 - m o r ^ 0 0 0 ' O i n o c n o i n o c M o o o o o o o o o oHrH(MNmm't<i-in>or'fflO'Oinoino

r-t r-t CM CM m



145

CQ in  rvi r—t i-t r4 CM r—t v f v f XI f- vO r^- O ' O  r-l o r>- co XI XV X* CM X> O  f - CM
in O' o o o O o o o o- o o o o r -1 o o o 1 r—t r-t CM m  > XI co r~ O'> • • • • • • • • m • • • • • 0 0 • • • 0 0 0 0 0 0 0 0

UJo O  CM o o o o o o O o o o o o o  o o o o o  o  o  o  o 2 2 5

o  rH v f oo r- to O' v f 00 CO >o O' CMco co r-~00 O' O' cm r-t co o  oo r- vf CO
O' O' X3 m r» o v f r- t—tvf r- r-l - f  O ' CMto CM 00 r-t CM XI O  vf XI O 'CO -t o O' O ' O' oo co r- vO XI v f v f CO O ' M3 CMCO CO O ' CO XI 00 vO vO CO co

w o  CO O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' 00 CO co r - r- >0 XI v f CC| CO CO CO -S’
rsj 0 0 • • • • • • 0 ■ • • m • • • • « 0 0 0 0 0 0 0 0

r-t rH o o o o o o o o o o o 000 O o o o  o  o  o o o o  o

aL oo r- o o o CM CO CM v f X I v f  r - r - t o  CO O ' co vO o CO 0 0 i—t o CO O ' X I«̂«r» O  CO o o o o c o o o o o o o r-t CM CM - t XI vO 00 r—t CO v f  vO r-t
> 0 0 0 0 0 0 0 0 0 0 0 0 • 0 0 0 0 0 0 0 0 • 0 0 0 0 0
UJ oo xi o o c o o o o o o o c o 00 o o o o o 90

XI o -o CDQ r-t r—t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i r—l CM CM CM

O ' X3 v f 00 X I o v f CO r—t v f vO r - O ' O' CO CO o 00 f - O ' X I O ' CO o O CM X I_ r-l X I O ' o CO r - o CO r- o CO t o O ' cm r- o »-H O ' XI r -  co CM O  CO CO CM O
CL to xi O ' O' O ' CO co r - o o X I - f CO CO O ' vO CM r - CO co I'~ X I r-t CM XI O vO

CM CO O ' O ' O ' O ' O ' O ' O ' O ' O ' o O ' O ' co co cor~ r - vO X I v f  v f Vf v f XI vO
tvi 0 0 0 0 0 0 0 0 0 • 0 0 • 0 0 0 0 • 0 0 0 • 0 0 0 0 0

r—t r—t o o o o o o o o o o o o 00 o o o o o O  O O o o o

□ CO co r—t CM v f f - O' X I r- r—t vO r- •1 1f -  CO r—t COO' O' oo X I f- O O' -o o co
w CD CM c C C c o rH r—l CM CM CM CO CO X I < ! CO O' r—t vf r—t O' X I X I r- X I o
> 0 0 0 0 0 0 0 • • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LU - f CO o o o o o o o o o C o o 00 o o r—t r—t CM CO 00 CM CM CO t̂

- o v f
1

v f
1

r -t r—t r—t

o o vO v f o O' CO X3 vf r—4 co v f o X I O' r-4 vO r—t r~ X I r—t r- o o CO O' s f
1— X I X I O' r- COr- r - t XI O' CM -o o CO o m  co o r—t co CM O r—t  O' co CO O' X I
z o r- o O' 0' O' co CO f - >o •o X I X I vf CO o  o CO O' « f O O' r- o r—t CM V f CM
o X I •o O' O' O' O' O' O ' O' O' O' O' O' O' O' CO co f- f - r— xi v f v f v f V f  V f  X I
o M 0 0 0 0 • 0 0 • 0 0 0 0 0 0 •  » 0 0 0 0 0 0 0 0 0 0 0

o o o o o o o o o o o o o o 00 o o o o o o o o O o o

10

Cl. co O ' r—t CM v f r- O' X I r- r—t vO r- r - t f - CO r - l O' o vf r - t  CO o O 00 CM CM r—t
•*___ CM CM o o o o O rH t—tCM CM CM CO co X I to CO o r—t CM CO CM f - X I O' CM r—t

UJ > # 0 0 0 0 0 0 • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
-J LU r-~ r- o o o c o o o o o O o o 00 o r—t r—t r—t o O v f o X I V f
co Q  II<

CO <3 't o O' CO «o -4- r—t 00 vf o XI O' CO r -t f- CM CO •O CO o o CO o vf
f -  v f O' f - CO r—t X I O' CM O o CO o co co o co O  X I -f XI r—t CM XI rH

CL O co O' o O' CO CC r- tO vO XI XI M- CO o »c CO O' vf O  00 XI O' O' o CM
Vr— O' o O' O' O' O' O' O' O'O' O' O' O' O' O' 00 co r - r - r- xi vf CO CO v f v f in
rvi 0 0 LU 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 • 0 0 0 0 0 0 0 0 •

O  ̂ -1 —1 o o c o o o o o o o o o 00 o o o o  o o  o o o o oU. O  Do  s:
rOO' o h- ro f- XI iH r- o XI CO O' vf XI XI XI co vf vf CO CM M3 r- CO co CO •f r—4

Q. ro O' Is- LL o co r- o vf r~- o CO f- o CO CO CM CO CO O' CM CO co r~ M3 c M3 o
X HD •cn O Ch 0^O' co co r- vO vO XI -f vf CO O ' M3 CM 00 to O ' 00 XI r~ M3 cc O ' CM
UJ o r—4 o O O O' O ' O ' O' O ' O ' O ' O ' O ' O ' O' co 03 CD 1̂ - M3 in vf to CO CO co XIW • • o ii • • • • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

»—4«—t (V CM c o o o o o o o o o c c o o o o o o c o o o c o c
uj ic: cviLU _j XI CM • o CO <r >1“CM o in 0 0 CM r- in r- oo HT o CM 0 0 cm m nr r-* >o

z a O' CM m o r—4 CO r—4 0 0 o O m m r- co cnr- CM in in r. o «—4 CM
o V f  CM II Clr O' CO 'C in o i H GO >3* in m r - co r- c-H CM r—4 O' m p - m rH CM 0 0 CM
_ j v . V f  v f y CM O ' CM CO o r-•—IvO CO o a ^ o rH o o CO CM O CO□ »— ■ •  • UJ LU ii • • • • • • • • • • m • • • • • • m • • • • • • •
> Li. r—4 H cc <M O' rH CC rH rH Os! <r O' i-H (MIs- rH O' o CM CM CM CM rH

3 3 -i m <r CM in Is-CM o CD f̂-O in <r c n  cm cH i-H rHUJ «_) I—  l  O  N  O  10 N  H  >J r - t
aL <  >3 O  O a: O i-H in o o o o O o o o o o 0 0 c o o o o o o o c o cLO • • • HI l-H • • • • • • • • • • • • • 0 0 0 0 0 0 0 0 0 0 0 0 0
CO £ o  o Cl 1— H- o o «-H CM cn in 'C r - CO O' o X I o X I o X I o o o o o o o o
UJ h ~ tn o 21 HH HH H r -t  CM CM CO CO Vf X I X3 f- co O' O  XI
OL < LU a: oi r—t r—1
D- I- O  O



PR
ES

SU
RE

 
VO
LU
ME
 

Z(
EX

P)
 

Z(
P)
 

DE
V(

P)
 

Z(
D
) 

OE
V(

O)
 

Z(
R)
 

DE
V(

R)
 

Z(
B)
 

DE
V(

B)
 

AT
M.
 

CU
FT

/M
OL

E

146

o  vor~ o- o {nr-»«virr»r̂ r“0'Of-itM<»->*-'a-«Moa>oor»«a-otvrM 
0 - 0  O ' O  O  O  O  »H rH : . h  rH ;rH  N ( M N O O O ( n m > C >
o o o o o o o o o o o o o o o o o o o o o o

W O r t W O  m  r-« 0 o
cm in in co o
<0 M O  O' H

mr~'3-cor-tineor-t>4'vOoooh-corr>'J,'0'OOCJr-iO'O ' h i n O ' O r - t o N f ' N M n o m o N i n m t f l - O N i n0'0'0'0'oooor~r-'0«oinirvcMor~incMO''i-cowcoO'O'O'O'O'O'O'OO'O'O'O'O'CMDCOOOI^^iOOlfl
O O O O r-4 o o o o o o o o o o o o o o o o o o o o o o

in cm in M) in
M) CO r-4 fC) l f \

m  h  o  N - n ' t  io m o  o o m r - H i n c o a ) r 4 o O " 0 ' 0  
o o o o o o o o o r - t —4rH^-4ro«i-'OMOsi-tnvom

M3 rH UV 
CVJ CVJ H

00 o o o o o o o o c c o o o o o o o  I I l i I I I i I I I i t i I i I I i i I I
c a  co  r -  cm in  
M  O  M  rH  c a
r-l (C| vf it 
CO O' O  r-4 (\J • • « * •
O  O  rH r—4 r—1

inNOr-icvjfci^j-vj-tnintnin-d-C'O'Oa'trioof'-r-iN}-
O ' M n o i n o i n o i n o i f i O ' t O ' M i n c o H i n o o mO'O'O'C'COCOMM'O'OlClincvJO'M'J'rHGvcCiMCVJOO 
O ' O ' O ' O ' O ' O ' O ' O ' O '  O ' O ' O ' C J ' C O C O C O C O M M O ' O m• • • • • • • • • • • • • • • • • • • • I *o o o o o o o o o o o o o o o o o o o o o o

CO rH o  vO O
oo cc r- ca co» • • . •
as m o  Hia
I r—I CVJ CCl cc>I I t I

C  00 O  i fa> >3- o  ca in 
cOdl'O O l d  in vO rO m  r~• • • • .O O  O  O  O

cf>rHcnino'Occi>i-<oO'r-HCMMO'3’00''i‘cncc»o'cooccoo>-iHHHH(vj(vjm'f'f'f'f'f<f'OODcn
O O C O O O O O O O O O O O O O O O O O O r HI
inr-inC'vj-cocviinC'cviinccO'-J-inrHo^f-O'j'inC » ' M f t O ' O H M V I M < l < O m < M n O i n O ' ( M O O r t N O 'O'O'O'O'oocoMM'OOinmcvjocoincvjO'i’O'vj-O'
O ' O ' O ' O ' O ' O ' O ' O O ' O ' O ' O ' O ' C M O O O C O C O ^ O i O i n  ..................o o o o o o o o o o o o o o o o o o o o o o

ca m  r~- cm o
CVJ o  rH r-4 in

cf»rHcntno'Of*>'3-<O0'rHcvjr-otn-HocvjNi->ooin
O O O O O H H H H H l M N f C I V t ' f ' f i n ' t H C C l O O '

-4- cvj cvj >3- in I I I C O O O O O O O O O O C O O O O O O O O . n o  I I I I
rOCHMflO 
CVJ CO rH CM CM M  CO 00 00 CO 
vO M  CO O '  O  

•  •  •  •  •  
O  O  O  O  rH

c a  c a  c m m  i n
in cm rH <j- in
- f  f - O N - f  
> O M f  O r l  • » • • •
G O O rH  rH

rH o  CM CM m
>C - f  O '  O '  IT,
O' CM M m o
<5 M3 in in in

o  o  o  o  o• • • • »O O O O Oo in o  m  o
cm cm ra ca vj-

UJ
u. o  □  

o  s• M
■H o  J—  nMj. 

r  m  3
CM l_> 
ca ii
ca cm 

-h o  
sc: cm

ca
II Cl.z:
UJ UJ II 
DC J—
3  3
h  -l D  <  C  >  
cz <_>
U J 1-4 •o. I— I—
SZ I—I »-H
ui u: a: 
J—  o  o

i n M i n O ' ' i - c o c M i n O ' C M i n o c O ' i n i n c M r H i n i n c M r a c o  O'MmOsOrHMcMMcaaucaO'inoino'cvjMJMOin 
O ' O ' O ' O ' c c c o M r - ' C v O i r -  i n c M O c c i n c M O < r c o r a a . '  
O ' O ' O v O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' C O C O c O D O M ' O ' O i n  • • . ■ • . • • • • • • • • r r r r . r t f to o o o o o o o o o o o o o o o o o o o o o

coj3cM-3-incoo'<Mca<j-inMtncoM3MO'Hinr-MM-O'MflOlflOinrHOrlC'HOtHiOrHUlO'mO'lOrH
O ' O ' O ' O ' c o c o r - M ' O  o i n i n c M O M i n c M O *  -t co m  O' 
O'O'O'O'O'O'O'O'O'O'O'OvO'O'cococor-M'O'Oin

o o o o o o o o o o o c o o o o o o o o o o

rHoor-ino'cocain oo'inoonM-inr-<i-int'-r-M 
• f c a o c 0 H o m c C ' f ' f c c i H >0 ' f ' 0 ' 0 0 'C \ i r H r 0 0 " f  
M 3 0 ' O M 3 i n O ' M 3 C 3 ' C M O ' i n c a r H r - M r H C M i n c M M f i n M  vOo3'3-caO'McoincO'i--M-OMOcvjvf-<iinvO'Ccvjc\!
rH ca m  -o O'- rH cm ca c- tfrtinir, - o o o c a H c c - o i n ' fcoinNiDcoMHO'r'OOinicicvjcMHHH 
I'' rH in CM rH rH rH
r H i n o o o o o o o c o  o o o o o o o o o o o  

o o H C M m r f i n o M o t f o i f i o i n o i c i o o o o o
rHrHCMCMcarasj-inM3Mc»



PR
ES

SU
RE

 
VO
LU
ME
 

Z(
EX

P)
 

Z(
P)
 

DE
V(
P)

 
Z<
0)
 

DE
V(

O)
 

Z(
R)
 

DE
V(

R)
 

Z(
B)
 

DE
V(

B)
 

AT
M.
 

CU
FT

/M
OL

E

147

CVJ <1- m r- O' M3 in vf rH rH r—l
vf r- O' vO vO vr vf co O O O
• • • . • • • • • • •
o 0 2 vf vr mj 0 in 00 O

r~ O' 0 m n- r—l-0 co r- in O
Ov m  0 0 o» Vf ao n- O' GO r~
vr m  m > vf Vl" -3" vf in O' O' O'
in in in <0 r- co O' 0 O' O' O'• * » • * « « • . • «
o 00

0 0 O O r—l 00

0

rl vf O' 00 rn rH rH vf
cn O' in r-l in M) ro vO 0 0 O
» • • . . . . • * • .
r—l -h 0 CM r—i r~ in CO 0 0 O

rH 1—1 rl t 1 1

o cm in in 3 CO vO CM r- vf r-~
•f CO ao 0 r- r -l co vf Ov 00 0
in cn <0 r-~ M3 M3 O' O' O'
m in xO r- CO 0 0 rH O' O' O'« • • * . . • • • »
o 00

0 0 0 r—l i-H 00
0

r~ cvj co co r- 0 00 m r-l O r—l
CO co n~ CO 0 r—lcn O O O
. • • * . . • . • . .

m m  *f O f- -3" O' CO O O O
1 1 r-l r-l CM 1 1

1 1 1
<0 St- H r - l 0 r—l in O' r- in O
OO co in CVJ r - l in M> O' co r-
M3 in 0 r- cn rH in O' O' ov
in in M> mj r- r- CO co O' O' O'
* • ■ . . • • • . » .

0

00

0 0 0 0 0

00

0

vf rH  O 0 ro ^H co f- r-l O r—l

0 r- 0 n3- CM rH r- co O  O O
. • • . . • • * . . .

CVJ c\j in vr co 0 r—l CM O 0 O
1 1 1 1 1

M3 in in O' O in O H r- m Ooo CM rH CM i-H M3 rH O' 00 f-
in in rH c r—l 0 O' cr O' O' Ov
in in 0 r- CO O' O' 0 O' O' O'• • • . » . • • LU • • .
0

00

0 0 0 0 rH _J 00

0

LL O □
O 21•

vf ov in 0 M3 -3" 0 rH O t- CO in I—I
r- n- e' cn M3 CM vf m m  r- UL O' CO I-
vf en r- r- ao O rH (M • cn 3 O' O' O'
in in in >0 r- O' O rH 0 O O' O' O'
. . * • • . • • 11 • . •

0 0  0 0 0 O rH rH nf- CM c 0 0r-* O
CM

cn cvj vf vr vf co O w • ro m > in
r- c 0 0 Ov O' n <r c CM 0r-t *-i rvivO »H ro r- CM it CL CM O CM
in ir-t CVJ O' CO n- vO O SI CO CM CM
. • • • . • • • U l UJ 11 . . .

ro m  cvj r-l r—l r—lr—l rH QL h- O' CM m
3 sQ  rH m
h  J O in m V3
<t < >

0 0  O O O O O O CC O rH m 0. « • * . * • • UJ H4 • • • .
O O  O O O O O O CL K h - O 0 r—l
OV 0  in O in O in O S I M HH

1—i r—i CM CM cn ro LU C£ a:
h -  O  C J

- i n - 0 v f in <0 vO n - in co <0 in r—l CM •t co
0 0 0 O 0 0 0 0 0 0 0 0 O O O  CM
• •  • • • • • • . • » • • . • •
0 0 0 O 0 0 0 0 0 0 0 0 O O

00

r—l  r—l  CM CM CM CM m cn m vf -f vf in in r- r-
V f  r - l  CO in CM O' vO m 0 m 0  in 0 in 0  —1
O' O' CO co CD r- r- r- IT, vf CM r—l O' co in
O' O' O' O' O' O' 0 O' 0 O' O' O' O' oo CO CO. •  » . • . • * . » » • • ■ • •000 0 O 0 0 0 0 00 O 0 O 00

m  0 CM vf 0 O' r—l O co vf O >o CM nO  O
0 0 0 rH rH r—l r—l CM CM CO tn f- co O r—l >0• • • • • • • « » • * « . * • •
0 0 0 0 0 O O O C 0 O O 0 rl r—l r—l
1 1 1 1 1 r 1 1 1 1 1 1 1 1 I 1

in CM O' vO vf rH CO O CO 0 r- inin xO CO -fco 0 0 m 0 n- m O f- r-l Vf co CM 0 0  0O' O' co CO 00 n- f- f- vO in cn rH O CO r*-O' O' O' O' O' Ov 0 Ov O' O' O' O' O' GO CO co• « . « » • m • • . m • • • • *0 O 0 0 0 0 O O 0 0 O 0 0 O 00

O  CM vf CM CM cn CM m r—l CM CM in O vf -0 coC 0 0 C C c O 0 O O c 0 rH rH r - l cn. * » « • • » . . . . . • • • •O  O 0 O O 0 O 0 O O 0 0 0 0 0 0
1 l 1 1 1 1

O 0 0 O O' O' O' O' O' f- •0 m in in 0  00Vf --I CD in 1—Iao in CM O ' - f  O ' vf O ' v f O ' 0
O ' O ' CO CO 00 r- f~ f- 0 in cn CM 0 O' r- m
O ' O' O ' O' O' O ' O ' C f O' O' O' O' O' 00 00 co• • • • • • • . • • • • • • • *
0  0 0 0 0 0 0 O 0 0 0 O 0 0 0 0

O  CM vf CM CM cn CM m rH CM CM m O' cn m  0O O O O O 0 O 0 0 O O 0 O rH r-l Vf• * . . » • . . • . • . . • . .
O O O O O 0 O 0 0 O O 0 O 0 c 0

1 1 1 1 1 1

O O O O O' O' O' O' O' r- <3 in in •o f- vO
v f  r-l ao in rH ao in CM O' v f  O' > f O' vf O' 0O' O' CO 00 cc r- r- f- •o in cn CM 0 O' r- mO' O' O' O' O' o» CJvO' O' O' O' O' O' co co CO• » • » • . « » « » » • • • »
O  O 0 0 0 0 0 O 0 0 0 O 0 O 0 0

O' CO vO co r~ nO r- <o CO 0 co 0 cn r- 0  0cn 0 r- >f rH CO in CM O' <f O' in 0 in r—l Vf
O' O' 00 CO CO 1''-n- r- vO in cn CM rH O' CO inO' O' O' O' O' & Ov Ov O' O' O' O' O' CO CO CO. » • • m » . . * • » . . • .
0 0 0 0 c O 0 0 c 0 0 O 0 0 0 0
r-l CO in in xO 00 xO cvl rH rH m pH O' GO pH
O' CO 0 0 co in CO CC CM c M3 cn >r
~o rH CVJ rH xO rH CM pH  r- rH hi* ■ t r- CMin O CVJ in 00 rJ c r- GO CO cn O' 00 CM» • • • • • • • • • • • • • • •
0  f~ CVJ O' r- pH O rH rn rH O O' O x$-CM rl O Cvl 0 a> CO r- xO m CM iH rH i-H rHcn CVJ rH rH rH
0 0 O O O 0 0 0 0 0 0 O 0 O 00

• • • • • • • • • • • • » • • •
cm cn m O r- co O' 0 in 0 in 0 in 0 OrH rH CM CM m cn xf in



148

oo

UJo

>t o m  (Mn o m m o M o m - j  si- >o in in h- o ®  >  otn com t-i• • • • • • • • • • • • a
o o o

r-4 r—l CVJ r-l In ^  *0 vO CJv 'J1
O  O O  O O O O O O O O  O i H . H

o o o o o o o o o o o o o o

co
KJ

in0'fMv0or~r-i0''0mr-i0'0'
N O ' M n n O ' t o o M n m i M  oor-r-~r'-r'-r~r-aocoo' o n  +
O O O O O O O O O O r - l r H r - l

d ' m i n o u v o ' O H ^ r - i r - m  o o  
a ' 0 ' ® M n < t N r i o ' ® o i n ® i - i  0'0'0'0'0'0'0'0'oocococor^r~ 
0 ' 0 ' 0 > 0 N 0 S 0 ' 0 ' 0 ' 0 ' 0 ' 0 V 0 ' 0 ' 0 V • • • • • # • • • • • • • •o o o o o o o o o o o o o o

>
LL)
o

»-ir~'Oini^oorc»cn>o«ooocj

r-i cm cm cm cm O  
I I I I I I

O O N v f
I I I

H O r - i < f m r ' ® H N v c ^ m f ' 0 '  
O O C O O O O H r J r - J r i r j ( M ( ( J  • • • • • • • • • • • • • •
O O O O O O O O O O O O O O  
I I I I I I I I I I I I I

cc•—r
I X

cncnr-comcD—iin.-icivonJrci
r - l ' t O V ® N O ' N r - I O ' ® ' t f < l ' t
H o i n m i M O M f i n N C ' O H

• • • • • • • • • • • • a
O O O O O O O O O r - l r - l r - l r - l

oor-tcvjinr^ocvjincoornrOr-ico
0 ' 0 ' ® ' 0 > f N r 4 ( M v . O ' l - N ' l - i n
0 ' 0 ' C ' 0 ' 0 ' 0 ' 0 ‘ ® ® ® C ® P ' > 00v0v0v0vC'0'(>C'0s0vO0v0v0v • * • • • • » • • • • • • •
O O O O O O O O O O O O O O

□
CJ

UJo

a
rx

ovron-cvi^oi^-ov'S-cncvir-o
- f l f \ ® N r - I C < J N ( ' l O H l O h H• • • • • • • • • • • a *
O O O  O O r l r t r —
I I I I I I I I r 4  r-» CM

I I I

m M n m N r H ® i n « i i n m ® r tcMO'f-mcncvjocMcocncovO'tf-oon-r^f>~is-n-h-ooooovovo*-i• • • • • • • • • • • • •
O  O  O  O  O  O  O  O  O  O  O  ■—* r—l

r - i r - t r - t o n N m N N N m n m o0  O  O  C  C  O  O  C  O  O  O  r-l G  c• • • • • • • • • • • • • a
O O O O O O O O O O O O O O1 I

O O C M S l - C > C C \ C O < M t s ' C M ' X >  r- l  vO r - l  r -ovovQO'Omcncvioovr-iO'j-r^O'
O ' O ' O ' O ' O ' O ' O ' O ' K O f f l E h ' O
O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O '• • • • • • • • • • • • a *
O O O O O O O O O O O O O O

co<

CL
>
UJ
o

CL.

IX

CL
X

IX

LU 
LU _1
s ;  a
DD S 
—I X
a  h-
>  u  

o
LU «_> 
CCr>
CO •  
t  n s: ui J—
DC <
a .

'OOr-lfPim'OCOO'rO'rO'OOm • • • • • • • • • • • • •
O O H r l r l r i m N N r l O H N  
I t  I I I I I

cooovj-r-rj-rniMr-r^vomr-icorxcni^srr-cncosi-omovrom
N O ' v O ' f N N ® O l f i f O H ® v C  
o o r - r - r - r ^ n - r - c o o ' O r - i ( M v t -  • • • • • • • • • • • • •
O O O O O O O O O r - l r - l r - l r - l

h [ ^  j- o m  ffl o  m ■}•-o -t h  m r^Hvomoor-iovO'OQDcMox- 
N O M n m r i i n ^ N M H O i ®  
o o o o n - r - r - i ^ h - < n o ' O r - i c M > i -

•  • a a t a a a a a a a a
O  O  O  O  O  O  C j O  O  r H rH rH rH

N O ' O m o v m r - O N m o - m ' O  B > O h  cMCMcomcoovcMr— f'-in 
m N J ' H m r - j f f > C ( M i - l N O N  omcnmoor-isj-cMOO'cor^'O• t » a a a a a a a a a a
O ' t ^ - r C l T .  S f m C M C V J C V J i — lr— lr-lr— I

o o o o o o o o o o o o o• • • • a a a a a a a a ao o o o o o o o o o o o oo r - c o o v o m o m o m o o or-Hr-icMcvjrornvJ-LnvD

u  o  CD 
o  Si 

•  s
r-4 O  I -cn r- u  

•  m o  
o  <_> 
cm u 
«0 cm ^  o

JsC CM

II
m

CL 
£

Ul  Ul  II
CC H
I—  _J CD 
<1 <  >
CC o
U J  M  •  
CL I- I—  5;  r - l  r-r
LU DC CC 
l— O O

H r i r i o n i M K i N N N m d i m o  
O O O O O O O O O O O r - l O O  • • • • • • • • • •  • • • •
O O O O O O O O O O O O O O  
I I

r o N v t O ' m r o N M M ' O H O n N
0'0'00'0mcncMO0vn*<0'i-^-0‘
C ' O ' O ' O ' O ' O ' O ' C T ' O O K O I ^ r C  
C J ' O ' O O ' O ' O ' f f ' O ' C M J ' O ' O ' O ' O '  • • • • • * • • • • • • • •
O O O O O O O O O O O O O O

ovr-imC'O'Oomo-4-ooo'co^- 
( M M c o m n N C C ' M f i m > o f l '  
0 ' 0 ' 0 ' 0 ' 0 ' 0 ' 0 ' 0 ' ® ® r o ® r ^ r 0  
0  0 ' O ' O ' O ' O ' O ' C ' O ' C '  O ' O  O ' O  • • • • • • • • • •  • • • •
O O O O O O O O O O O O O O

r - i c M X - r - i i n x - n - < N j m — i ^ i - j j - r ^ m  
o c o m o m r - m c j ' c o  o in cv jn -c  '3-rOcjvm'3-n-'3-r^omr--3-va-m 
N O r i o m i O ' f r i j - n m M i i N  • • • • • • • • • •  • • • •rtmr-mHimiCOrii^iOh-riffl
o h t o o ' 0 ! M f l « i r t O r ® M n n
O  in M < 1  (M r l  W  r l  r l

r - i m C O O O O O O O O C O O  • • • •  • • • • • •  • • • •
o o - K M m i f  m « O M B O ' O m o

r - l  r - l  CM



PR
ES

SU
RE

 
VO
LU
ME
 

Z(
EX

P)
 

Z(
P)
 

OE
V(

P)
 

Z(
O)
 

OE
V(

O)
 

Z(
R)
 

DF
V(

R)
 

Z(
B)
 

DE
V(

B1
 

AT
M.
 

CU
FT

/M
OL

E

149

— t r-t CM CM CM CM CM CM ■-» O  C  00 ............
O  ©  O  O  O  O  O  O  O  O  • -*  f -c

O P 1 M ' 1 ( M O ® O O H M D ( M

«iniri>j-mcMHOO'cof'0' 
O' O' O' O'O'O'O'O' CO COCOCO
o o o o o o o o o o o o

f ^ O ' O i n O r H i n c o < t N M - | v<j-mor,'OiM'j'00'N(oe
. . « . * . . . « o » .

O O O O H r l r t H H N m ^  I I 1 I I I I I I I I I

r-0'<\j-$-or-tn<j-mf-r-i<o in j-+ m n  c O'e i'd m
O ' O ' O ' O ' O ' O ' O O C O C O C O O O O O
o o o o o o o o o o o o

O  C O O O r 4 N W > f ' O I ' ' t....... ...I.
O O O O O O O O  OOr-<C\JI I I I I I I I I

< i - h  O' h  m co h  O' >  m NinOJr-CO^-'O'OCOrHO'N 
Oi n ' t ' T NHOO- BJ OOCO 
O ' O ' O ' O ' O ' O ' O ' C O O O C O O O O O  . . . . . . . . . . . .
O O O O O O O O O O O O

NHi-ii-icoincoinO'CDcoo
C O C O O H ( M ' t O O ' - f l ( l. . . . . . . . . . . .
O O O O O O O O O O C M C M  I I I I I I I I I

>tfci'j-r^ooocor^i'-^*'0 NincoH(M^vOifi>ocomi^vOCTiM-^CVn-lOO'OOr-'CCC
O ' O ' O ' O ' O ' O ' O ' O O C O O O O O C O............
O O O O O O O O O O O O

c\i'J-roor'-<»-iria»eosj-.-<m niir, ® H O ' ® o D O - N M n o
O l A ' l - ' J C M H O f f ' C r ' C O C O H
O ' O ' O ' O ' O ' O ' O ' C O C O O O C O O '. . . . . . . . . . . .
O O O O O O O O O O O O

orvtnr-oococoi'-c^mr-cMcminM(\JO''tO'(v/NcJO'ini-coo'O'OW'ONO'inccmHmin»oow<ocoO''Oin............
oinH®<j-(MocchCisftn«1 l\l !\J 1-t H  H

o o o o o o o o o o o o. . . . . . . . . . . .i n o m v o o o o o o o o o  o  m  o
H  i—I CM



150

<PjOPiP-l
|
2UJ • •
1- • O  X CD Xui a. LU 1— LU 1—>- ll Q  < Q <to UJ r-□ CO O  O' O  O'UJ cj r—4 O  O' O O'X o  O' m o  O' in
1- _J 0 0-3- CO-3-< in o cn cn cn O' C\l CM II O  O  00 o O O CO O
cc *-< r-t cm CC OJ -3- O O O' • • O' o • • O' o
□  cC x • • • • • • • • y O CM in CM O CM m  CMLL —< or r-4 f- cn co vf cn 4—1 rH UJ r- <r >o in r~- <}• vO m

> a -3- >o »—4 Y- cn r~ -• cn n- --I
o Ul 3 CD U1 CM • CM •rH ai aC II II II II a it ii II II >• II II • o II 11 • o

□ a H X Ul c o
h- UL Z z z z z i— z  z z  z rH 4—1 II CM CM II

UJ CJ UJ a c o a UL! a o o  a LU CJ Cl CJ CL<  u> Ul •—11—« 4—4 4—4 2 4—4 4—4 rH 4—4 X 1— CJ 4—I 11 1— CJ CM II
ca LL UJ UJ i- i~ 1— 1— 1- l~ 1— 1— h- CJ cj
<t _J ai < < <t < CD <  < <  < II II M II II M1— >- ca CL >—4 1—4 4—4 4—4 z 4—4 4—4 4—4 4—4 z rH

H- < >  > >  > a >  > >  > 4—4 r-» rn || <t -— •—• II <1
2 *-h H- z UJ UJ LU UJ 3 UJ LU Z UJ U j <L <£ 'r co ca -—'
□ _J 1-4 a ci o o  a X o a CD O  O Ul W  W 4r rr r.

*-H H *—4 1 4—4 1- < I- ca 1—>- cn ac o .—  — . 1— rH rH X h- r-» rH z 1- 1- ~  z h- 1- -r Z
ac 1—4 UJ UJ Ul Ul <t Ul Ul cj Vl U) < to ui 4—( Z Z LU Z Z UJ
< Ul CO a. co ca X ca ao 4—4 CO 31 X ad tXi a UJ UJ 1- z UJ LU I— Zui a G < <r CD < < -J <  < o <t < CL z z z a z z z  aLU —I —- w UJ >—- Q <—4 W LU □  □lIJCL □  aujfl.

CC Cl LU LL! •a: cl a z x CL O. Z X
Ul CL Z > LU X l- LU X a: LU X LU X H- X X O  CD x x a  aX < UJ O  X ec O  X O  X O  X <r G  □ Cl O □ O  Cl CJ

a o < X LU <t X Q < X <  X o CJ CJ X CJ CJ Xo  o CC 4-4 CO DC 4-4 DC ac 4-4 ac t-i □ u. C  U.□ z UJ X o LU X <r UJ X 1— LU X LL LL. LL CJ G LL LL CJ CD
u. ac □ > <1 1 > < a >  < cj >  c C O G □ aa  a 1—« < X o <  X z <t X 4—4 <r x LL aL LL ac

> 1- X < o • • ui o a • Ul G GUl o < UJ UJ ac UJ UJ I- LU LU LU LU LU □ Cl Ul 1— Q. Ul h-
z X X X CD X X U1 X X z X X Z X LU CJ X LU CJ
O a t- H- > 1- H- 1- H LU 1— 1- LU CC CJ < l u  ac c j  <Zi—i O LU o o CC 1— CL M U- 1— CL IX LL
t- z z<1 4-4 a Q 4—4 □ h- —J —J -J CJ _1 —1 —I CJ
—J Ul z Z Ul Z □ <  <  < 4-4 <  <  <  r4
X X < < X <x H- cj cj cj ac CJ CJ CJ OL
o 4-1 4—4 4—4 f— 4—4 4— 1 4—4 h~
_J 1- 1- 1- z 1— 1—  1—  DT
< 4—4 4—4 4-4 111 4—4 4—4 4-4 LU
o OD OD CL CJ CC CL CL CJCJ CJ CJ < CJ CJ O  <UJX1-



151

ca in t-4 H m m m r 4 ® o o ) i A t o a ' 0 > o c o m - j - i n  o  to
UJ — O  CM c  o  o  o  o  o  c mm  >o eor- O' sr oo st- cn cm '£> <oX > • • • • • # • # • # • • • • • ■  • • • • •
1-
CC
Q
LL

LU
O

o  o

m  t-i
in cm

O O O O O O O O O O r - 4 C M C ' f n C M ' O C M t - 4 0 '
i-H rH r4 rH

O'CMCMCOCMI'-sl-CMOOO' M - O ' ^ - C M ' l - M ' O O ' C Mm m < } - r - I O O O O ' O O r - r - 4 0 ' 0 ' ® 0 ' 0 ' r - l i n - 3 - r - 4
U) CO O  O' c i n i - 4 r - o o o ' C M t O « - t ® r - 0 ' O i n r - t - * - i ' 0 > 4 -
O' O' r- 0 ' c o c o r - o i n i n s f > t m N r 4 ( M C M m > o O ' O i n
a
i-
o<
u.

M

ac

• •
o  o

-̂i m

O O O O O O O O O O O O O O O O r - 4 r - » C M

M - t M r - 4 c M ®  o  o  m  cm m  r-4 sr r-4 ®  cn O' cm r-> %_rt o  ro r- c c M c n s j - r O O ' O O ' r - s r  O H i ' N o n r i M o
> • • • • • • • • • • • ■ • • • • * • • • •

ft-i
-J
1-4
CDft—4

LLi
O

O  r-l

cm in

o o o o o o r - 4 o o o . - 4 C f ' - - o c t O ' a - i ^ - f >~
iri'Or^'OsrcncMCM

c M c n o c M ® > 0 ' O r o r - i c M c n o r - c M s r o ' r - 4 c n « i -
CO «—* f-4 <f m o r - i n M - c n c n o c o  o r - 0 ' O c M c n m m ® o
CO CL r-4 O O ' C r - t i ' - o o o m r ^ r - i o s t ' - o o o — 4 0 ' i n c n o r - »
UJ O' 00 0 ' ® ® r - o o i n M - ' r m c M c n c n i n < o o ' c n o ' r -
o'a.
21a
O  f£]

CM • •
o  o

• • » • • • • • • • • • • • • • • • •
O O O O O O O O O O O O O O O O t - l r - l C M

Q a 00 r-4 O M n m i ' o m - t O N H ' t O ' f H i n c u i f i i o
LL H
a  g
!2 S 
g g

W o <r r-osrcor--r--incMocr-4eoi-4«a-r-4mcnM-r-r-4>UJQ
• ■
r-4 CM

M- O'

• • • • • « • • • • • • • • • • • • •
O r 4 r l H N m ' t i r i f l f 0 l ' W H M f l ( C i a > r - ) O

rn m  r-i I cm cn m  o  I I l l
O  CM rl rl cn (<| O' r-4 O O l A O ' t C O I S H

in cm 0 ^ - ' 0 0 0 ' O C M O O ' r 4 i n c M c n c M ® 0 0 0 ' M -
< <d □ r-4 r—l r i - o c M W O ' W i f i O ' n o o ' h c n H O O H ^
t- a — O' 00 0 ' c o a o h - 0 ' O i n ^ < r s i - N N ( n m - j - i n < o N f f l

rH 3 M • •
r4

UJ

(X 1
a  s
<J LU

o  o o o o o o o o o o o o o o o o o o o o

(— a. OO r-4 or-mtno'r-cM®r-r-t-40'r-'00'OOr-4M-
CC LU CO — O  sf r ' - O s T C O v O O C O O C M ' O  O r - 4 ' O C M > O m C M O O O '< X  > > • •
H* I— to UJo r-4 CM O H r l H N ( n ( \ l C M H O  O  O  H  <T O  h  M A

m- o vr >o cn CM in o CM cm cn *H in CM cn co CO CM CM m CMr-* m  rsi o r - O s O c o o m o o r H v r o ^ c n r H C M ^ c o c n
CL r-t r—t H •XL CM CO O' r—tvT Is- CM CO r- C cn h O  so r- o«—* O' CO O' oo CO Is- o  o  in vr vr m cMcMojcnvrf^omcMLU M •l • LU • • • * • • • • • • • • • • • m • • •_J o  o -J o 00 O o o  o O O O o o o o o O  rH iH CM

o D LL O  DLL (\J21 CM• M •
sr 1— r- co 1̂ vT t— o  vr vr o CM CM cn M-Hin in co in O'n  co ^o  o u. Q- in cn 00 O LL vr 00 <r CM o CO CO m CO >r in o  o cn CM CM rH O'o  cn 3 X O  O' • m 3 o  m  rH r-- oo O*' CM O  rH r- Is- o m o m i n o ' C ' H• CJ UJ r- r- U O' CO CO r- 'O in in nT <r cn CM cm cm cn vr O  O' H

O  11 *—* • • CO II • • • • • • • • • • • • • • • • • • •
sf r- rvi o  o Is- o o o o o o o o  o o O o o  c o O  O •H CM

o <■—.o
UL in UJ in— m LU _J o  o w • cn r- cm n- GO O' o CO CO cn m nO rH in m o  cn rH O'rH s: c o  c o O cc r- o cn CO •H CO CM o CM CM >3- o in %o cn Is-

ii a. 3  X 00 "T II CL H m  r- so in *H f*- f*1— rH O' O  rH cm vr 00 cm r- cn o>jr —J 's. (VI SO X c  ® >r- m *H O' •h  >o cn o in o  O' co r* Is- nO o inLU LU II O  h- o • LU LU II • • • • • • • • • • • • • • • • • • •
OL (— >  LL 't c a: 1- O' (M O' r- in cn cn CM CM CM rH »H o  o o o  o o c3 —1 3 OJ rH 3 _J r—4 c-H
h- -t □ LU O I— -J o<t <1 > a: < <  >
cc o 10 vO C\l a: o o h  >r co Is* rH CO nC cn CO cn O' m o O  00 rH vJ-LU t-t • co • • • UJ ft-H • • • • • • • • • • • • • • • • • • • •
a. »- l- CO X cn Is- Q_ h- h- O' >r o CM r-t O  O' rH (M CM rH O' CM CM O  xO CM Is-22 r-T M UJ H- rH C\| X ft—4ft-̂ .-i<Mcn.T-in<0'0'Or-r'-r'-coo''rtM®cO'rr4
LU CC CC a: < UJ o' a: «H CM cn in cr vr



TA
BL
E 

11 
(C

ON
TD

)
152

co
>uio

H C M m o H o m N ' t O ' } ' ( M m N o o e 9 0 ' H N « o m  o o  o  -* o  in in O' cj <t -4 sr sr oo pi:ho'> <4- i"- srm • • • • • • • • • • • • • • • • • • • • • •
O O O O O i - H C M x O O ' O i - H . - s . - S O O O ' I ' - s r  o  m

* _• __ i __■ _ i

00
M

co-4-tnr'-i-4in'Or^ooocMmoa-iiniMtn»-icMcncoM3'N<MOr-io'i^'f'i-'Ocr'm<i-inO't'-ioiMor'f0v00'O00O'i-inr-0'r-«m>0»-<'0r-)r~0'O^HminO'Of^MnfiiNNNNmmm-i-'tiftin'Ooo'Ofi■ • ■ • • ■ • • • • • • • • • • • • • • a *O O O O O O O O O O O O O O O O O O O O - l r - l

>
UJ
a

ooO'0'tf'Hminoco>o N O N o o o ' r i o t M n o o o  o c - J H N r 4 [ ' c r ' m > i - M O ( i ' O H i ' ^ G ( M f r (
o o o O C m M O N ' f - t n N O " 0 ' t H a i 4 ' O C C t t 3n.j-ininuMntn't't'i-'i-mmmiviN

o'
fs l

0'0''Omiv-fn'00'«-ip-i<M'00'«4->o*-irocnooinr^cvi MM'i'tr^'ONO>Ht'(Moin>oO't'tinoinN>o 
m -c o  o t o o t n  0 ' 0 0 ' t c o N O ' ' C N c a c H H c v i m  O'cof-Mnmm't-tiftinin'O'Oheocooi-iNm't • • # • • • • • • • • • • » • • • • • ■ • •
O O O O O O O O O O O O O O O O O i - i i —li-Hi-ii-c

a co co oo r - l  CO o O' r- o «-• r- cm cn o  *h cn -4- sr cm >o cnXa*» m o  <t r-i cm n- r—4in 4* in cn cn > o O  O ' Is - O' m m a in
> • • • • • • • • • • a a • • a a a a • m • •
LU C  O  .-H CM cn oc in -4- r—i r— cn O' IT* r—4 > £  rH m CM CO WOO'a CM CM CM r-H 1 1 i-H . - I  cm cm cn m  m

1 l 1 I 1 I 1

sr 0  o CM cn H m O' r - o CM 00 m r -  o vO so o  o  r» r-
r i < o  -t o  i n  m o sr o  o  cn oo cn O' cm sr sr cm m  cm o  oo

o sr N- o rH O  CM CM sr o 00 O r—4 m in 00 o CM SO O' cvj in Is-
w O' co oo o  m cn cn cn cn sr 4“ 4" 4- 4- m in in i n o vO oM •  • • • • • • • m • a • • • a a a a • m • •

o o o o o o O o O O O O  O o O  O O O  O O o  o

CL co O' O' i n  r -  i n CM co o o c n nO o ^  o  m r-4  . - 4  cm cn i-4 r-cn cc sr O  CM O' O > 0 sr o in CO r H 4* ro in in CM rH -4"m CO
> • • • • • • • • • • a • • • a a a a • • • •
U lo O  O  -I CM CM r—tsr sr in sO o o Is- 7 7 7 r -  c c  i o >o

ST O' r-l CO sr co 0' co CM -4-00 cvl cn cn sr vO O' o  sr O' •4*srr-t vo sr r- O' cm n- O' CO CO CO O' O' O' -o sr O'Or-i' o na sr Is- o l-H O' o o co i—( sr r- c cn O' in i-H r- 00 CC cc O' O'O' co co r -  tn m CM CM cn m cn 4" 4" sr i n  o -O I—  CO O' o rH
U J 1st a a a • a a • • • « a • • a a a a • • m • •
- J O O O O O o O o o o O o o O o  o o o o o •H H

UL O ClCVJ z:
• \

o 4* h- ao cm m sr r-l O o O' O' in O O' CVJin in m o  cn sr cm r- inc O LL a r- cr <m cn «o r- o o r—lco in CM o sr CO I-H -r o CO CO in o
• m 3 X cn vO O' o  CO O' in r~ o  cm in CO r H sO r-i r- CM CM CM CM CM CVJo O U l O' co n- r~ in CM CM CM cn cn cn cn >4* sr m  in O Is* GO O' o rH
o ii v • • • • • • • • • • a • • a a a a • • • • •r-4 r- M o o o o O o o o o o O o O O c o C o c c iH r—4

oin U J• U l  — 1 o o o o o o o r-C o  r- CM CVJ <VJo  tn Is- in O CO 4- O'H s; o o o o o O  t'- m c n£ o M- NO rH r- CO CM O' o  o 4“CVJIICl 3  z: o  in cn CO CM CM CM in O r- m cn cvjO' r- o sr <VI •—* O' co r -2; _ 1  ^ rH  O  O ' CM in sr O O' O ' C0 oo CO CO r "  n -  r - NO NO
LU U i II a t- • • • • • • a • • • a • • a a a a • • • • •
CC I- >  u. k  ml' in cn r—ti—to o o O o o O c o O o o o o
3 3 CM -“I\— a Ul o
< < > occc O 3 vO CM CO sr o r—tr—lH rH r—4r—4rH r—4CM CM CM CM m m sj- *4" in
U J M • (/) • a a a • • • • • • a • • • a a a a • • • • •
o . H* H - in rrr cn r -  o sr co in CM O' cn o r- <T CO CM vO O  CO o CVJ o
z: *—iM U l 1— r—C CM in O  CO o r-i cn in r- CO o cn r- o • T O N *H COUJ CC CC cc < r—lr—4 r —4 r-Hi—i*—4 CVI CM CM cn cn *4-*4" in o o
h- O u a.



■
c o xOcn o  r- r- m w-t COi—i

,w» o *H ^ 4 O o O CMCMo
> • • • • • •  ft • •
Ui
o

o

000

o

00

o o

H o  sr o' o Is- cmcn r—l
r*~cm «a- ro o 1"- r - l COin

CO in H sC H o CO r-l cn co
w O' o  CO COr- sO ~D in sr
M • • • • • ft • • •

o 000 o 00 o o

cc 00 i n cm Is- o Is- cm i n r~
r l c n o 00 r H sr CO r- o

> • • • • • • ft • •
Ui a o o o r H r—t r—t r—l oo I t 1 1 ! 1 I 1 1

co o CM CM p—I O' •a-cn 00
sT Is- CO <o !-1r~ r—l o sr

a: i n o in o i n r - o <n C0— O ' O ' CO oo r - ■o •o i n sr
fsl • • • • • • • • ■

o 00 o o o O o o
r—»
a ca cn cn co cn sr o

r—4CMcn sr in r~ O' a*
> • • • • • • • • •
UJ o o o o c c o i—i CJ
o

Cl Is- CM-J- 00 O' O CMo ca
!- r- cn vOM3cn cn oo r- O'
z a in r-l -C r—l >o O' r—l O'
a W O' O' co oo Is- M3o in
o M • • ft • • ft ft • •

o

00

o o

00

o O

iH

CL CMr- or ^ i—i CM O in in
w r—4ca cn sr m r—l O' M- or

Ui > • • • ft • ft ft • •
UJ o o o o o o o H o

co Q 1 1
<
I—

r~ cm in O' sr O' O' o m
Is- cn ~o m>cn CO nO ca r-

a. m r-H M3 r—l M) CDo cn GC
w O' O' oo co Is- 'O M3in

UJ M • • • • • ft • • •
—1 o o o o o o o o O

u  c o
CMs:
• \

o  sr H- *■«* in ao o cn in o  in GOCJ
o o LL CL o O cn cn O' 00 CMO' in
• CO3 X in r-l M3 r—l in oo »Hro CO

o O UJ O' O' CO00 Is- 'O O in
'O II v« • • ft ft • • • • •
r—4 r- M o o c o o o o c o

o
in LU
• UJ —I o o o o o o o o o

r—4 s: o o o o o o o  in »H cn
fl a. 3  s: o sr Is- sOin o r—4in r—l

S' -J oo •-i in r- o o  r- o «o
UJ LU II a  h- ft • ft • • • • • •
CC H >  IL ■ i in O' sC in cn COca i—4
3 -J 3 cn t—i
h  -j  a UJ o
<  <  > QC
OL O 3 nO CM00 -a- o r—t f—4r—4*—4
UJ r-4 • co • • • ft • • ft • • •
CL H* H* co 2: cn r~ o -a- co in ca o 'O
51 1—4M UJ l— i-—i CM<r in •o co o r4 cn
uj a: CC CC C r—i r—41-4

CM CM r—l O' r-i rasr cn O  'O cn n- O'
r-H sr cn CM in o 00 CM o c > o  O' r -ft • • • • • • • ft ft • • •
o o p—iCM 3 5 5 6 vO in 3 1 0

r - s r ■—i >a- cm r- i n  o c n •a- c n  O' f—1
O' c n >o m CO no  r - sr r- i n o o
i n i n i n o O' CM <o o o- 00 co co co<r sr sr s r -a- i n m  vO so r- CO O ' o• • • • • • • • • • • • •
o o o o 00 00 00

0 0 1

vO r- cn vO sr o CM CM m  <x>>0- O Is-
O 00 in cn o  r- f—I O cn tn in co r-

ft ft • • • ft ft ft • • • • »
cn r~ r—l sr co O' o  o O' CO Is- >c ini-Hr—1 •—ir—1 CM CM rH r4 H rH H

o r—l sO O' O' in r- O' in CO O' in
o »—1 o m oo 'O CM M5 r—l r—l O' O  Is*
r- O' r—t sr c >o CM r~ CC CO Is- Is-ST sr in in vO -o r- r- CO O' o »—1 <M» • • » ft • ■ • • • • • •
O o o o o o 00 o O i—4 rH rH

r—4 m CM r- o rH r- sr in CM O  sT
rH CO xC in cn CM C  >-iO ' O ' CM O' cn• • • • • • • • • ft • • •
in Is- r- sO cn o  cn oo cn oo r-l in

l 1 r—l r-l CM CM
1 1 1 1

N*- in in O' >o !— CO o  r- cn cm cn
CM O 00 cn m  sr r- l O cm cn r-l sO Is-
CO CO O ' rH sr r- O  CM Is- r—l tn CO r—l

<r m m in ■O s o o  r - Is -  Is - co• • • • • • ft ft » ft • • ft
o o o o o  o o  o o o o o o

o r- CM *—i r - l  *r co r—1 in sr sr o  in
CM Is - sr o r—l  sr O  00 -c M3 00 r-l CO

• • • • • • ft ft • ft • ft ft
cn sr in m 6 5 in rasr sr M- in Mr

O ' o cn rH vO o cm sr O ' O ' 0 J rH 00
cn co sr sr r~ CM 0 0 CM Is- m o 5 h *
Is- Is- oo o sr co cn Is- Is- o o in *3--a-sr sT in m in M3 M3 Is- co & O  rH

• • • • • • «  • • • • • •
o o O o 00 00 o o o rH rH

CM cn CM cn cn co ■a cn r- sr Is- co Is-O' in cn Is- cn M3 r-H Is- 00 O' 00 M3 sTin in >0 Is- r-i in o  sr cn CM rH O  O'>3- nJ* sr in m M3 M3 Is- co O' c o• • • • • • • • • • ft ft ft
o o e o o o c o o o o 1 1

o o o o r - l  in O  00 M3 0 0 M3 CO O'
r- »H o 00 in m O' c 00 Is - cn cn Is-in r H CM tn Is - CM oo M3 r-H CO S3 sr CMcn CM r H o O' O' CO oo 00 Is-Is- r- r-

• • • • • • ft ft ft ft » ft ft
r H rH r H r- l o o o C c c c 0 0

*“ 4 rH rH rH CM CM CM CM CO M- 4- in
• • • • • • • • • • • • •

cn o r- -O' CO CM xO O CO xO CM Om Is - CO o co r - o O  Is - rH CO
rH rH «H CM CM CM ro M* x̂- in xO o



TA
BL
E 

11 
(C

ON
TD

)
154

CO

'>
LUO

in'Ovfoo'cMaovfmrHvfi— cocnvfvftncncMoovfcD 
r 4 ‘H N N r < N  o o  O O O  O r t  N  C O  CM CM v f  v f  o  Vf• • • • • • • • • • • • • • • • •  • • • • Ao o o o o o o o o o o o o o o r H C M c n m m c n c M

ca

M

m m m e o M c i n i n m o ' N O ' O O ' t ' O i a f f l N o m i n0'0>omocoi>' r ^ M o e o m N O i O O O > i n o k'Or^oomoh't(Mf'--(coinrjHO^(\jir\N~jHC'r-,o0'0'0'eooor-r'r'-M3M>M3M3M3M>M>M3M3?^cocoo'0
O O O O O O O O O O O O O O O O O O O O O r H

ac
>LUo

O ' - h  r -  ro M3 ao ro O ' v f  >—i  cn n  cm co t o  01 w  in O  v f  v f  cm

0  o1 l l I I
CM CM CM fM CM I I I I I

cc
M

N O N N f f ' t o o - J - i n M o o o o ' - f K i ' O m a N o r '-ocMr-W'Ooooo'm-3-in»o>oinoH^rir'ONHowfl'ONcO'tO''i)rir-ioo(M>cO'jnHCoj>o0'<j>cocooors-i^'0'0'0'0'OvO'0'Or'N(oo'OOH§ • • • • • • • • • • • » • • • • • » • • •
O O O O O O O O O O O O O O O O O O O r - « r 4 r - t

o

UJ
a

M3iMcninvfr~-vfin OM3r'-mcococoinor>- o c o  o  ro 
O O C H N N ' t ' t ' f i - c N I C i r ,  t ntnf'-M3M3rHM30'C'
• • • • • • • • • • • • • • • • • • • • • a

O O O O O O C O O O O O H N C M r l O N O O ' C V I f l  I I I I I I I I I I I I i—I •—II I
nO  O  O' t* (VI O' in o  n- o> r- vO m  O' in o cn M3 in in O' CM

r—v s 0 ' o n o r - ' t ( c i ' t o o ' 0 > ( o i n i n r ' ( ( i o ' 0 ' 0 ® i ^ ^ -
□ M3 co o  r- ro O' in r-l r- sf cm r-4 rH Cvl vr r- O' vf O' ro r-0 ' 0 ' 0 o o c o r ~ r ^ f w ' 0 ' 0 0 > 0 ' 0 ' 0 ' 0 ' 0 ' 0 r ^ r - o 3 00 O'
M • • • • • • • • • • • ft ft ft • • • • • • #

o o  o  o  o  o  o  o 000 o  o o o  o o  o O  o o  o

-—» 
a. M3 cm cm vf vf c» O  O' vf c o i A ( \ J O ' O c M c O ' O i n > t i n N i n
'— o o o r-l CM CO O' vf o O  Sf ro i-H O' CD rH CM O' cc sf cn tH
> • • • • • • • • • ft ft • • ft • • • • • ft • ft
LU o o o 0 0 0 O  -i CM Cvl r-4 O  rH CVJ cn Vf vf cn cn ro cn ro
Cl 1 1 1 1 1 1 1 0 I 1 1

M3 M3 O' CO CM O r—l M3 M3 sr O' in %o in M3 rH CO M3 f- sf in 00r-v co m > cn o  r~ vf O  M> f* f- ffl r-»CVJO'\OCJ'>fOOOr-»r-H
Q. M3 CO o  h- ro o' in o M3 m  r-4 rH H cv in CC CM o CD O Sf CMw O' O' O' co oo r- r*- M3 o  o  o  o M3 M3 M3 f- CD CD O' O  r-4

UJ KJ ft • • ft ft ft « • • ft ft ft ft • • • • • ft • ft •
o o o 000 o  o O o  o o  o o  o  o  o  o  o  o r—4 r—4

LL O o
CM sr
ft \

O <s~H- -—■» O  CO r-l r-l CM O  O' CM m o  o in ov vf vf in cm r-i cm m o  m
o o LL Q. 00 M3 vf cm O' e' M3 Is- r—4 1-4 00 cn in r—l CM rH in o CD CO cc• m 3 X M)rnor-fOO'ir>t-«cotrvr\jr-io--irO'00'r'-'ffMoco
o U LU O' O' O' en co r-- n- r- M3 o  o sO nO M3 M3 M3 M3 r~ 00 O' c o
C\J ii *-p • • • • • • • • ft ft ft • • • • • • • • ft ft ft
CM r- I'M c O o o o o o  o o o  o o  o o O O o  o o o *—4 »—4

oin LU• LU — 1 o o o o o o o  o o o  o o  o o o o O H M n CO r—4
iH s: c o o o o o o o  O' in o  cvj r- ro vf cn CM vf M3 cn sD so cn

II a. o oo O' in cm m co co CO r-4 m cm f- r- in r- rH cn 00 sf r-H O'
2T. _J 's. CO o O' O' r-< M3 M3 O' sf r-4 CO O  >f CM r-l O O  O' GO 00 co r-

LU Ui ii a  h- • • • • • • • • ft ft ft • • • • • • • • ft • •
O' K >  u. in r- r~-\ *?9L cn cm CVJ CM f-4 r—4 rH r—l * i rH •H o o o a o
3 _i 3 CO r—l i-»
h- -J O UJ o
<1 <r > cc
Ol o 3 Ml CM CO 4 0 1 r-l r—l r-H t—4 H r—4 rH CM CM CM cm cn n't -fr sf in
LU M • to • • • • • • • • • ft • ft ft ft • ■ • • o • ft • •
CL 1- i- to s; co r- o  -f- oo in CM O' o cn o f- vf 00 CM M3 O  CO vO sf CM O
s: M ►H LU H- rH CM vf in M3 CO or-tmmr^coomr-ovfor-vfr-iooLU or CC a: <T r—l r—l rH r-( »-h  f\j CM cm cn cn vf sf in SO vO
H* o o a.



155

m  N c M ' t m i n M M c o t M n h O N i f t m m ' t o o o o ' c o>«-. o .h  h  (\i pj m  m  n  m  n  N  m  >t ' t w o  -o w  >  • • • • • • • • • • • » • • • • • • • • • •
LU O O O O O O O O O O O O O O O O O O r - i r - l r - i r - ia

0 ' M n N N C M H i n > 0 ' O t M r \ 0 0 ' ' O r H C O ^ ^ ( J ' 0  -» M f t m H ^ ( M < o H c o c o N a > ( H N - o o o o < M n ( M - i -cd t^inmr-<covomHco-o^ri(MNW't'0 '-<vom o h-w  o'00'0'aDaococor-r-r-i^r-r-r-t--i^cocoCT' o o
tvl 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

O O O O O O O O O O O O O O O O O O O O ^ - t r - f

oc i n i - ) < f r t N o m c o H ( M n ( M O N m - o m o o ( M < D m
UJ C O C  H H H N C V i N m m f T ,  r O P O H O O H H M H Ha I I I I I I I l l l l l I I I I

c n c o s f C M i n o O ' c n i - i s f r n ' O s f c M v r c o i - i r - i a o i n c M c o  
—  sfcomcocncnvfcO'fcnsOcnmrMinsfcMr'-ini'-i^'O
cc t ' - v f < M C ' i ' - v f r - < c c v O v f c M . - i o o i - f m ' O C M O ' s O c n o
w o'O'O'ooaocooor'-r-r-f'-h-r-r— is-r-f,-cocoa'0'-i
tsl

O O O  O O O O O O O O O O O O O O O O O r - ! . - !

—  H H W v M f t h - K i c c N H C i o m c w o O ' O ' O ' n h ->  • • • • • • • • • • • • • • • • • • • • • •
LU O O O C O O O * - l r - l r - l r - l i - l O O O O O O C M s f l ^ - G 'a I i I i I I I I i i i i I i i i i i i

□o
□
IX

'tr'0(nNa>inoa3comooir\o<-i'j-wHr-imcor4 <ocMom<viro>Or-«r-i^'-«coO'OsfOr-4coLn»-«rrv'i- r ' t f \ N O C B l f \ N O M n ^ ( M N H N > f > O O i n O s f 0 2  O'O'O'O'eococoaor^n-r-r— r'-r'-f-n-r'-coaoo'O'O' • * » « • « » • • • • • • • • • * • • • • •o o o o o o o o o o o o o o o o o o o o o o

ac<

a. sf O' c n o c n c n i ' - c o c o i ' - c o i n f - c o in cn o o  m  O  aorH rH cn vf in r- O' cn r- cm Vf vf C  00 in f- cn i—i O  CM O'
> • • • • • • • • • 0 • • • • • m 0 0 0 0

LU o  o o o o o o r-l r-l CM CM CM CM O o r-l CM cn cn cn CM
O i 1 i 1 I i l 1 1 1 1 1 1 1

X- r- o in cn |v f  n  (\| [s vf •C m  in r- o  m O ' O t t sff l ( V I ( M f t ( V i m i n o O N O ' ^ O J r l N h H ( O H M a O '
CL r- in CM o CO in CM O' r- vf cn rl H  rl CM in f- vf o  r~ vf*_* O' O' O' O' co co co r- r- Is- r- f- r ^ r - r - r - r - c o o ' O ' OLU IX • • ■ » • • • • • * • • • • 0 m 0 0 0 0

-J o o  o o o o o  o o  o o o o  o o o  o  o  o  O  r-lu. o o
CVJ 21•

O ^ h .—* M f l r l CM O  O' in CM CM r-l o  o  in co n- CM sf f- ao Sf r—1
O o LL Ol r~ vf CM O' r~ O' cn o <j r- o s0 O  00 cn co o  m O  CO O'• re* 3 X M n n O  CO in cn O  00 sO in rn cm r-i cm m  vO r-l 00 sf r—l
o U LU O' O' O' O' cc CO CO CO f- fr r- f- n- r~ f- r- r- CO CO O' OCO ii '_* 0 • • • • • • • • • • • • • • 0 0 0 0 0 0
cvj r- IX O o o o o o o o o  o o o o  o o O  O O o  o 1—1

o
*c in UJw • LU -J o o  o o o  o  o  o o  o o o o o o O  O  O  |X O'

r-i :s: a o o o o o o o o C  sO r—l vO N  O'!) cm r- O' 00 o oo
II Cl. 3  >1 o vr cn CM sf sO ■—! |S- f\J O CO CM cm cn cn o  o  r- O' vf o>s: _l x. (X C' cn o o sf Vf «£> r-l cn rl O' sO vf cn cm O  O' O' co
LU UJ II O  h- 0 • • • • • • • • • • • • • • 0 0 0 0 0 0

CC V— >  LU 03 CO CM O' r~ in Vf cn cn cm CM CM •—1 r-l r—l r—4 r—4 1—1 o  o o
3 _l 3 cn r—4 r-4
»—  -i a LU «_>
<t <  > O'
ac o 3 «o CM 00 sf o r—4 r-H r—l rH r—4 ■ 1 r—l r-l CM CM (VJ CM cn cn vf vf
UJ *-• • t/> • • • • • • • • ■ • • • • • 0 • • • 0 0 0 0

Q. H  H oo 5: ro r- o sf CO in CM O' o  cn o  r- Vf CO CM sO O  CO sO sf CM
21 *—* M UJ 1- H t M > t in •o CO o  r-i cn in r- co o  cn r- O  Vf O f " f i—4
LU DC CSC cc < r—l r—l r—l r—l •—i i—l (M CM CM cn cn vf vf in sO
h- o  o a.



TE
MP

ER
AT

UR
E 

= 
34
0.
00
 

F 
CR

IT
IC

AL
 

TE
MP
 

(K
) 

= 
30

4.
20

 
CR
IT
. 

VO
L 

= 
1.
50
7 

CU
FT

/M
OL

E

156

to N « t O ' f O O M n O ' N H ( M O O ' O O N N < M m ( O m  
o  o  r-t o  r-t i-i ro sr sr '■a- ift i n t '  O H O' r» m,t\i co

Hi O O O O O O O O O O O O O O  O  "-t o  o  o  o  o
o

a3t^O'^sr(M^tMin>or-0'cvi'>o«\iO'srsr^-sr<}cj ^  tv»c-r-ivo^-irn<£)0incjr-ic0'00'--i0'-<rvr>rooo'
cd e o « o i n m w o o o M n > r m r o H O H i - i m [ ^ N o o m o '»-■ O'O'O'Q'O'O'OOoacQoooococoooaooococoO'O'OOIxl

O O O O O O O O O O O O O O O O O O Q O . - l . - l

cc sri^i^oor-oco^oosrooooinocaovincsicasro
uj o c o r J r J N N N M f n m n w i ' i m m N N i - t r J r J N
a  l I I I I I I I I l I I I I l I t l l  l I I

cvicooococnr'ino'oco<vjocn«osrirvO'r-0'crir-sr —  oo»-<fnir\r<*fnsri'-<\ioocM^vOOr\ii^'-io<M'-
oc o o o s r t v o o o o - d ' f M i H O O ' c o r - i ' - o o o s r O ' O i - i r -•w a>o'0'0'0'eococoeoooror-r-r-r'Nocoo'0'00hsj • • • • • » • • • « » • • • • • • • • • • • •O O O O O O O O O O O O O O O O O O O O ^ - l ^ - l

o  r-N'ONM<Mno''0^r'oocoM>ot)ONr'!n(\!oo—  Hdi«r«ocDCM'fir\tOMfl<acD>omNin(\isroO'> . . . . . . . . . . . . . . . . . . . . . .
LU O  O  O  O  O  »—1 r— ’ r—l  »—1 r—l ■—1 r—l  r—l r—l  r—l  ■—1 r—l CO {Cl LCiO  I I I I I I I I I I I I I I I I I I I I I I

o a
ixi

ocjO'i-r*irkino'cO'Or-r-iO'i>~iarx.cjcvic'ini^-r'(M-t'0<r(M(Mmino>inm'r'OC'r40inm'Oi-i-t'r
f f l < ! s l N r - l < M x i f ' , m N - 1 0 0 ' C O O ' O m n C M f ( C ( M0'0'C'CM>ooajcocoffloooor-r->co(ooocao'0'0  .
O O O O O O O O O O O O O O O O O O O O O r H

CO<1

>UJo

M M > O r l O N f f l O J M l W W n O N O > 0 0 0 ' ^ O mn m i f - o c o O N i O c n n i n w O ' f f l H H H O ' C O O ' O
O O O O O r t r l r S H N N N N N N i - l O  I I I I I I I I I I I I I I I I I co co

CL
IXl

O N v O O - M n N h N r i ' f O - ' r w o o o o o m H o - ocoxr>oo'CMcom^-r-r-ic-vococ\jcofMmLnccviAooc'c c > o s f N H O ' M f i m N C O ' C O f f i e c N r - n ( M A HO'C'O'O'O'cococooocorofxM^r-oococoo'O' o«-i 
o o o o o o o o o o o o o o o o o o o o « - i - <

ClXUJ

'Omo^Mxina>^r-irtiinNct>-ico^<f!D cvir-r- mrxrJinor-io-amc'coO'('j-tiA>-iin-ci^ifi>OH o o i O i n m N O m v O i n m ( M H H O O H N > O r ^ r ^ ( f i o0' 0 ' 0 ' 0 ' ( J ' 0 ' O O t O C O C O O O « ) O O C t ) a ) C B ( D C O C ' 0 ' O H. . . . . . . . . . . . . . . . . . . . . .O O O O O O O O O O O O O O O O O O O O r - 1 —1
LU

UJ_J O O O O O O O O O O O O O O O O O O O O s T f O2:0 o o o o o o o o o o m h n m h c o i O f l ' i n ^ f f l K i0 2 : o m o m o O ' i O ' O i O O - r i n N M v i ' i i - H m N O - c o ^
_J X  N h O O O ' H O N - O N i C i n W O ' M n - r N H O O ' O 'o 1— . . . . . . . . . . . . . . . . . . . . . .
>  U- M C l ' l O h ' O K l ' t n f l M N M H H H r l H H r l O O

O  <r (M r-l r-l
LU O  
CC
z> ' O t M c o ^ O H r i H H H H H r i N N ( \ n \ i r n m o ' ' i i n(/) • • • • • • • • • • • • • • • • • • • • • • •
to 5: c ^ r - o < r c o i r \ < M O o r < > o r - > ^ o o < \ i 0 0 c o o < r c M o
lu 1— > - i ( M o - i n i O o a o r - i m i f \ r x o o o m f ' 0 - t o r - o - H t o
a: <  Hi- i i - i r i r tH( \ iN(MWfri ' i - o i n >0 'C
Q-



TA
BL
E 

11 
(C

ON
TD

)
157

CO p~ cm -J- r-» m  co O' co
, w 0 O O O O  rH CM CM
> • • • • • • • •
Ui 0 O O O 00 O  O
Q

0 cn O rH vO CM co sr
00 0 in sr cn r-l O' O'

cn 00 i'~ vO in sr cn r-l O
w 0  0 O' O' O' O' O' O'
fM • • • • • • • ft

O 0 0 0 0  0 00

ac 0 CO sr Cn r-l O  h-
*ft-» sr h- O' cn vO O' i-r in
> • • • » • • • •
UJ 0 0 0 rH r-l r-l Ov! 00
(3 1 l 1 1 1 1 1 1

-0 r- CM CM CO 00 0  in
s sr O' in rH r- r-l 0- m

DC 00 >0 in sr CM r—C0s co
Ov O' O' O' O' O' CO 00
• m • • • • » •
0 O 0 0 00 00

O sr vO 00 O' >3- m r- 0
w CM tn sr vO cn O' 0  cn
> • • • • • • • •
LU 0 0 0 0 c 0 t—1 rH
Q 1 1 1 1 1 1 1 1

cn 0 O' sr 00 co cn 0
•0 cn O' r- in O r- in

a 00 r- in sr cn CM O  O'
O' O' O' O' Ov o> O' 00

hsl • • • • • • • •
O 0 0 0 00 00

a. <r 0 co O' >3- M- co in
CM cn sr >0 00 O' 0  cn

> • • • • • • • •
LL! O 0 0 0 0 O rl r-l
a 1 1 1 1 1 1 1 1

cn 0 O' sr cn co cn vO
>o m O' r- m  0 r- sr

Cl co r- in sT cn CM O  O'
«r O' O' O' O' O' O' O' CO

UJ t-S * • • • • « • ft
-j 0 0 0 O 0 O 00

ll 0 □
Cvj S• \

O  M* J— r*. r- in >0 O r-l vO rH 00
o O LL CL CO vO M- sr m  O' r- vo
• cn 3 X co r- >0 in sr cm r-l O

c Uf LU O' O' O' O' O' O' O' O'
o II — ' • • • • • • • •
vr r- I'M 0 0 O c 0 O 00

0
id LU
• LU _J 0 0 O 0 0 O 0  0

r—l 2: c 0 0 O 0 c O c  0
II CL 3  2 : 0 CM cn 0 0 vO sr co

2: _! vO in co 0 r- co vo r~
Hi UJ II O  1— ft • ■ • • • • •
QL H >  LL in CM sr f—! CO S3 in sr
3 Z> vl- CM rS rH
H- -J O LU O
<  <  > CC
a: O 3 vO CM CO M- 0 ■—l r-l
UJ M • to • • • • • • • • ft
CL h~ K <0 2: cn r~ 0 sr CO in CM O'
51 M ►-4 UJ 1- rH CM sr in 0  CO O  r-l
UJ ac ac e: <r *—1 r-l
1— 0  0  CL

O' COm cn cn rH  cn 0 CM -4- CM ■4- O' cn
CM •4- m in vOCO*“■1sr vOO' O' O r- cn

• • • • • • • • • • • • • •
O O 0 0 0 0 ^■4 r-H r-H rH rH CM rH rH

CM r-4 sr CM -S’CM CO in vO cm r - O' vO cnO CM in O vO cn in cn i n 0  cn cn S3 OO O' co co r -  r - co O' cn p- CM r~ cnO' 00 co co co 00 c o c o co O' O' 0 0 rH• • • • • • • • • • • • e •0 O 0 0 0 00

0 0 0  0 rH r-H rH

cn O' vQ in CM 0  cn 0 cn O' tn r- CM inO' O cn 0 co rH r-4 rH 0 r~ r~ in co cn• • • • • • • • • • • • • •
CM cn cn cn Cf. sr sr sr sr cn cn cn cn sr
1 1 1 1 1 1 1 1 1 1 1 1 1 1

cn sr CM >0r~ r~- CM in O' O  vO S3 CM 0
r-4 0 rH m r- 0 O in in 00 O' r- r- r-r- vO in sr cn cn cn cn sr r~- rH vO r—4 0
CO co 00 CO co co c o 00 co CO O' O' 0 0• • « ■ • • • • • • ft • • •0 0 0 0 O O 0 0 O 00 0 r—4 r-4

r—4 cn r-~ vT O r - CM 00 in vT r-^ CO cn
tn in S3 00 O' O' CC 0 in v r  c o CM c o r -

• • * • • • • • • • • • • •
«—4 r-4 H r-4 i—4 »-V •̂4 r-4 rH r—4 r-4 CM <r1 1 1 I 1 1 1 1 1 1 1 1 I 1

0 CM r—4 in *3* CM CM r - Is- H vO >3* h -
v r O O >3* O O 0 h - O ' CO 0 CM CM
00 n - O in in v r in in O 0 s ro CD CM O
00 00 00 GO CO CO ao CO CO 00 0 s O O O

• • • • • • • • • • • • • »
0 0 O 0 0 0 O 0 0 O 0 O r 4 r-4

in 0 0 r—C O O cn CM CO Is-  Is- ro 00 m
0 CO 0 v r O CO in O 0  r- in > 0 v r

• • • • • • » • • •  • • • •
H •—t CM CM CM CM CM CM ■̂4 0  0 r—4 r 4 r—41 1 1 1 1 1 1 1 1 1

CO 0s vr i n ro O  r-C vO CM O' CO r- Sf r-CM r—4 CM CO CM *4* CO O' r-4 CM co m r l
00 r- O in vr •3- >3* cn > 0 r-4 r—< r ~ cnCO CO CO CO CO CO CO CO CO O  O 0 0 rH

• • • • • • • • • •  • • • *
0 0 0 0 0 0 0 0 0

00

rH rH rH

sO O' co S3 O' CM 0 cn s f S3 S f s f O in
P' r- O in 0 -O 0 r—4 r 4 CM m cn r~ inO' 00 ao r- r~ S3 S3 r- CO rH  i n 0 in rHco 00 co co CO CO CO CO co O' O' 0 c rH• • • • • • • • • • • • • ft
0 0 O c 0 0 0 0 0 0 0 r—l*—1rH

O O O 0 O O O O O O O O O OO O O e' CO cn r- S3 S3 cn O' r- vr O'4- Sf m en f- CO Ov CO CM 0  tn tn CO CM
rH S3 CM o- S3 CM O' 1^- S3 vf CM r—4 0 Oft • • • ft • • • • • • • • •
Sf cn cn CM CM CM rH rH rH r—i r—4 r—i r-4 1—4

r—4 r—4 r—i r—4 r—4 CM CM CM CM m cn *3* vr in
• • • • • • • • • • • • • •

O fO O r- vr CO CM O O CO 0 CM 0cnin r-*CO 0 cn O -3* or- vr i—4 co
r—4 r-4 r-4 r—4 CM CM CM cn cn M* vr in nO vO



TA
BL
E 

11 
(C

ON
TD

)

158

CQ
>UJo

r H H m r t O N O O i n ^ o f l o n H  +  r t H N ' j ' O H  O  rH rH . tH rH aH © ! r H l .H  «h  sr sr 'tf- f*- rH Ifl O' •}■ co o  o  o  • • • • • • • • • • • •
o o o o o o o o o o o o o o n r t r t N N n m n

cc
isj

Hr'-oo'i^sfO'm'OomcDn'j-coHO'i^Of'Wci) 
r-iN-t«00'rtmi^rjM*io0'0>nftimin«HO^( M a h ^ ) i n i n < M f i n N N ( M H H N m ^ h r 4 0 r t v O
O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'O'OO'-J'^• • • • fl • I • • a a a a a a a a a a a  a a
O O O O O O O O O O O O O O O O O O r H r H r H r H

a:
Ha^

>
UJQ

riincoooooo'>0'i->ONNnjHNi-tino'S'>-ioo'N

©o.H,HfHCMCMiMCMcntncnsrsrsrsrsrsrsrsrinin
i i i i i i i i i r i i i i i i t i i i i i

O l
VaT

PSl

osrcnoinr^r'-t'-r-o<Mr-mrHincMt^-rH»DC'CMC' a>oin>t'rNHrHNinoo(Mcoff»N>omcortomi^ 
oon-romsrcncM —•coocoDr^r-r - r -eoO' j -oocM'O O'O'O'O'C'O'O'O'O'coooooooeooocoooo'a'O'OOa a a a a a a a a a a a a a a a a a a a  * •
o o o o o o o o o o o o o o o o o o o o < — •

a r- i*- r -  -3- cn <-* m o  r H  -n r ~  so O' o o o p - n m ^ cp
• h  sr o co o <T> •a- *o CD o o CVJ v f  in sr sr cn sr cn o

> a a a a a a a a a a a • •  • • a a a • • • •
UJ O O O O r H r H H r H rH CM CM (Vi CVJ CVJ CVJ CM CM CM CVJ CVJ cn Vf
Q 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l 1

sr cm m  co r- r-j cn cn sr o r - o m o CP r H  O cm cn cn r- CO
—* O' O' O' O' o  o Q r H  in 'O o  o CVJ O ' CP m sr O  M* CM r-H i—1
O cc -o in in sr cn CM r H O O  O' 0" 00 GO O' o cn mD o  vr 00

C> O' O' O' O  O' O' O' O' O' O' ao CO 00 a 0 00 O ' O' CP o o oM a a o a a a a a a a a • •  • • a a a • • • »
O O O O O O O O O O O O O O O O O O O r H r H r H

a. r- r~ r~- sr m  o  sr c M f - O ' O ' O r H r H f - c n n - O ' v f  m  cvl cvj
r - l  s T  o CO O CCl sr cn r H CM vO CP CVJ CVJ O o r- CO r H CVJ in

> a a a a a a a a a a a • • • • a a a • • » •
UJ O O O O r H r H H r H rH CM CM (VI cvj cn cn cn CM r H  O o o oa 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

■ f  ( \ i  r o CO CO CM cn CM O' sr vO o vf m 00 r H  i n r - oo o  vr r-
O' O' O' O' o o o H N i n o o m o o m m o  r H  in O' O' o  cn

Cl C  | s  > c  m  ITl S t  (T| CVJ rH o O' O' CO 00 CO O' O cn r- CVJ CO m
•w O' O' O' O' O' O' O' O' O' O' OO 00 ao co CO CO O' O' O' O  O  r H

LU 00 • • • a a a a a a a a • •  • • a a a • • • »
-J o o o O O o  o o O O o  o o  o o o  o 0 0 1 1 H

LL O c00 ^ 7
•

O  > f  t - H  00  O ' o  r — 'O O' co m  i"— *o co h  sj s O C P C V j C O r H ^ O C PO c LL CL . h  cn in 00 o CM cn >o c in O' vO in cvjcn f" rO CVJ CO o CO
• cn 3 X O' co h* o ■o m  -a- cn cn CM 1—1 r-4 r H  r H «H r H  CM in GO cn r - (VI

o O LU CT* O' O' O' O' O' O' O' O' O' O' O' O' O' O' O' O' <p CP o o H
o ii • • • a a a a a a a • • •  • a a a • • • • •
vf P - Isl

000 c o c O O O O o o o  o C O C o C  r H H H
o
t n Ul• UJ -1 O O O O  O o O o o  o o  o  o  o  o o o o o o o  oiW a o o o o o o c o o o o o o  m sr cn cxi r- cn r H CVJ m

u a. 3  s: o  r- m  sr oo cm 1“< CO O' o  cn O' r H CM o c p  r - CO H
_ j ^ O '  CM O  O ' sr in CM CM in o vC cvj o  tn <M o CO in cn cvi *H r H

LU LU II a  j- a a a a a a a a a a • • • • a a a • • • • •
q:b~ >  u. oo sr -c H  O ' r- vO in sr sr m m (T) CVJ CM CM r H r H i H *H r H r H
=> — J 3 sr cm 1—i •—i
K - J  O UJ o
<  <  > o£or O z> 6 2 8 sr o r H r—i rH rH r H rH r-4 r H  CVJ CM CM CM cn m  <r Vf in
UJ M • to • a a a a a a a a a a • • • • a a a • • • • •
a. »“  1— to s cn n- o -a- 00 in CM O' sO c n o  r- CO CM 'O o GO o Vf CVI o2:*—• ►H UJ  J— r-« cm sr m  o co O rH cn m  r- oo o m r - o > f O  h  4 “ H  CO
LU a: Od o£ < r H r H rH r H rH r—4 CVJ CVJ CM cn cn vf ̂  in o o
K O U Q.



TH
E 

CA
LC

UL
AT

IO
NS

 
OF 

CO
MP

RE
SS

IB
IL

IT
Y 

FA
CT
OR

S 
FO
R 

TH
E 

SY
ST
EM
 

- 
CA
RB
ON
 
DI
OX
ID
E 

US
IN
G 

GY
OR
OG
 

AN
D 

OB
ER
T 

TA
BL
ES
 

FO
R 

VI
RI
AL
 

CO
EF

F.

159

rH rH CM CO o rH
<}- CVJ <o H CO CO

X • • . • . •
DC t\j CC in o O' oo -O r-
3 o

ii II ii II a II n
1- Xz z z z z i—■ z z
UJ a O CD CD UJ a CJ
to H-4 4—4 X H-44—4
UJ t- H- 1- I- 1— H-
CC < < < *4 o <4 <4
CL M 1—4 z HH 4—4

> > > > a > >
Z LU UJ z UJ LU LU LU
t—t O a □4—4 Q O x

i
a a

o .— . h- .— - X
UJ LO to < to tn o to to
O l CO CO 3 cn tn H-1 CD tna < <£ O < < _1 < <
— 1 HH LU —- a -—- HH
LU UJ
> LU x 1- UJ X CC UJ X
LU o ZD ac o 3 o 3a <t X UJ < X o < X

cc 4-H co ai •—t DC DC 4—4z UJ X a UJ X < Ul X
CD > < I > < a > c
4— 4 < X o < X z < z
H- a <<t LU LU cc UJ UJ i- LU LU3 X T CD X X tn X X
O I- 1— > H- 1- 1- 1—
LU o ozO a H-4z z to<: < —'

X .o XLU 1-a <tnn- m r-lrH O'O'O'
ooin om  to II ■—icoin oco co . .CM o. . X t\jm m4—1 O' UJ o r- sf CVJ1 1 h—to ro r-nj nj—II II >to ii ii .o o

z  z i—i■ i iiCD CD Ul o CL
H H  HH X h~o r-l II
t- J— 1— L_><  < II IIrvi4—4 4-4 2 HH>  > 4-4 HHHH II*4z Ul UJ < < H-4o o  a to 44 '_-HH

H H K < h-H- HH ——— z -—-Z<£ to to HH z z UJ3 cn ca O UJUl 1- zO < < CL z Z z oUJ HH-- a a uj a.< Q- CLz XUJ X K -r X □ oO  3 <t CD a a.t_>C  X Q o o XDC h h □ u1— LU X U u u o 3o >  < a CD □
H H <  X u O CQ . .to □ CDLU LU LU a CLto 1—z X  X z X UJ <_)LU 1- 1- LUDCo  <tCC _j < h-CL (vlU
o —I_1—It_>z a < < < H H< i- LJ t_)o DC

H H 4—44—4H-
t~ J-1- 214—14—44—4LUDC DdCC OO o o <t CR

IT
IC

AL
 

TE
MP
. 

OF 
CO

MP
ON

EN
T 

(B
) 

= 
TC
2 

= 
30

4.
19

99
5 

DE
G

CR
IT

IC
AL

 
PR
ES
S 

OF 
CO

MP
ON

EN
T 

(B
) 

= 
CP
2 

= 
72

.8
50

01
 A

TM
CR

IT
IC

AL
 

ZC 
OF 

CO
MP

ON
EN

T 
(B
) 

= ZC
2 

=0
.2

74
52

57
0

AC
EN

TR
IC

 
FA
CT
OR
 

OF 
CO

MP
ON

EN
T 

(A
) 

= 
0.

22
50

0



cn O CM0 0  ^  r- r- M3
LU w O O 0 O r-l O CMcn
x > • » • • ■ • • •
H- UJ O O 0 00

O O 0

F
O

R

0

<5 r4 e' md cn cn co H
«->b sr O' en cm •—1 >r -r

CO CO ON00 00 r» 'O -4- r-l CO
DC w O' O' O' O' O' O' O' CO
o M • • • • • • m •
H* O 0 0 0  0 O O 0
U
<
UL

CC CMcn r- r-l in in vo CO
> O 0 c H O r-l O 0

> • • • • • • • •
M LU O 0 0 00 00 0
-J O 1 l 1 1 1 1 1 I
•—4
CO
*-H STe' 0 in 00 cm r» CM
tn sTen tn H O' CM r-l O
CO a: O' CO cc r- in sr —>CO
Ui w O' O' O' on O' O' O' CO
CC r̂ j • • • • • • » •
CL 0 0 0 00 0  0 0
21
O
O

a CM in tn t'- -i cn cmr-4
UL C 0 0 O CMcm in r-
a > • • • • • • ■ •

LU C 0 0 0 0 00 0
CO
X M0  g
LH <2

Q

r- sT t—! cn sr r» 0 CM
g <r O' sr cn cm m F'- r-

<  M a G--ca COe-~ 0 4  r-l 00
H- g •— O' O' O' O' O' O' O' CO
~» M • • • • • • • •
CL t 0 0 0 00 00

0
s:o  s:0 LUh- CL CM in m I"- r-l tn cm rH
UJ tn w 0 0 0 O  CM wine-
X >- > • • • • • • • •
1- tn UJ 0 c 0 0 0 0  0 0

O

r- sr r - l cn sr Is- 0 CM
<r O' sr cn cm m  r- r-CL O' CO cc I'- vC ST r-l cow O' O' O' O' O' O' O' co

UJ M • • • • • • • •
3 0 0 0 00 00 O

0 aU- r- X•
0 H M3 0 <0 M3 cn •0 m  O'

O O' LL 0. sr O' cn CM O cn cm 0
O r-4 3 X O' co co t'- MD ■t n  00• O LU O' O' O' O' O' O' O' 00H II —- • • • • • • • »
CO r- M 0 0 0 00 00 O
1 COin UJw • LU _l M3 md CM r-l CM CM O' cn

rH X  O sr m r-l sO CM cm sr sOII CL 3  X co O' CO O <r co m
X —I X sr sr sr vO CO O N h

LU Ui II a  e- • • • • • • • •
CC K >  U_ sT md 0 cn r- M3 M3 CM
3 3 3 m O' in tn CM r-l »—I
H- a UJ 0 CM rH
<1 < > a£
Cl O Z3 0 0 0 00 00 OLU M • I/) • • • • • • • • •
O. K to s: rH CM m 5 7 0  in O
X ►-4 l-H UJ I— rH iH CM
UJ a: cc: ca <h- 0 0 CL
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u j >  • • • • • • ■ • • • • » • • ■ • • • • • • • • • • • •
_i iu 4  o o o o o o o o o o o o o o o H N N H i M N m m m m t j
co o  l I I I l I l I I I I l I
< rI—

O' m O O ' ' t O h O C ' - O H ^ r H I D C O ^ M - < f - O r o ( M m r H t O - t O M
—  in ' t O ' i n « i ( M H m i n o M n < o c o f ^ N - H n i n r t ( M ' O c M i ^ m < M ^
d . c m  o ' ® t o i o ( o a ) o i j ( 0 0 ' 0 ' O H N i n o v c < i r ' H i n c > f O '  c u c o i m n
w  m  O ' O ' O ' C M M M M M M j ' O o o o o r H H r M r j m m m - t ' f i A i c i
M  •  U J  • • • • • • • • • • • • • • • • » • • • • • • • • •

r-H  I O  O  O  O  O  O  O  O  O  O  r-H r-H r-H r-H r-H t-H r-H r-H r— I I— I r-H t—H  r-H r-H rH r-H
L L O Oo  s: o

o o cn H- o o o o o o o o o O o o o o o o o o o o o o o o o o
CL r- o • U- i n o o i n 4 m in CO cn o O' CO O' i n 4 'O O' r- CM r- cc co O' o tH rH
X o • O 3 O ' O ' co 00 co 00 00 co O' o o rH CM i n 00 »-H 4 CO m >0 o 4 00 cn r- rH
Ui O O O' O ' O' O' O' O' O' O' O' o c c o o O rH rH pH CM CM cn cn cn 4 4 tnV** • O ii • • • • • • • • • • • • • • • • * • • • • • • • • •
M H 4 fH o o o o o o o c o »H t-H rH rH •H tH rH H *̂4 *H H •H r-H rH rH rH rH

UJ H
< cn

Ul a C\J I • o m co MO co r—l *4- O' O' 00 o r - o i n oo r - ao co rH rH f " O ' MO O ' t*~ CM
2: m a . CM rH o oo n- M5 sT r - r - O' O' cn <r 4 o O' r - O' o CO cn r - rH rH n - n-

i n II s : O' m i n t n r~ i n i n o n - O' CM rH MO CO O' co t t O' O ' O' CM i n o i n o M>
- j i - cn □ CO oo rH cn o CM o CM i n © r - 4 ^H n - 4 CM rH O' CO r - r~ MO M> t n m 4
a LL • UJ o II « • • • • • • • • • • • • • • • • • • • • • • • • •
> Z) H cc ^ r t n CM i n rH O' o i n 4 4 cn cn cn CM CM CM CM iH rH •H r-H tH tH rH tH rH

u 3 o O 4 CM t-H rH
LU I - < t >
a : <5 aC 1

< o e r U- □ o O O o o c c o o o o o o O O C O o o o o o o c O o
CO M • UJ 1 o • • • ■ • • • • • • • • • • • • • • • • • • • • • •
LO (/) o D- UJ 3 O O o o o o o o c o o o o o o o o o o o o o o o o cLU CL o UJ o O o o o i n o i n o m o m o o o o o o o o o o o o o oCL o UJ □ cn CM 4 MO CO o CM in n - o CM i n r - o t n o m o i n o i n o i n o i n o i n
(X ol—l

\— 2 a . H r-l rH rH CM CM CM CM cn m 4 4 i n m o >o n - r - 00 CO O' O'



259

CO fO
r—4

> •
UJ cnQ

-3
-r-h cn
CD o

in
M *

*
CM

«—» h-
•

UJ o
o r—l

1

oin
a: oocn
M »

r—4

a i—4
o> •

UJ cn
Q l

o '3-
f- in
2£ a o
a w in
O M •

r—1

r-
rH

CL cn
w vO

UJ > •
_» UJ <r
CO a
<
I— oo

r—* cn
O- CM
w <3
rJ * LU

r—l _l
u. o  a

o  s:
o  ^

r-* o o m h
CL CM o  • LL
X in • o  3LU in o  o
«-» • O II
rsl i—i ■3 cn

UJ rs in
_j <x co

uj a <3 I •
£  51 r-4 CL CM
ID \ m II £
_ J  1 - a
a  u_ • UJ O II
>  3 •—4 a: w

O 3  0  0
LU h- c  :>
CC < a: 1
3  < o aL u. O
CO M • UJ 1 Q
CO CO o a. uj 3
uj a. o £  _l UJ
a: o u j  a  in
CL o h- £  a.

oom>-tr>~ o o s t ’'-i<Mi-<cor-iO'$-'4-in'Oirt(n<MrM'O'0OO''ri 
c n o o co o •-« cm tn -3 o Is- eo:H in n  in r- r- in o  n  tn oo O' *-» • • • • • • • • * • • • • » » • • •  • • • • « • • •o o o o  o H ^ H H H r i H H  n  n  m m -j- in o r- r- r-r̂ oo

CM O ' CO N N  N M t \ N m < J - h 0 0 O U \ n N N O m N mcor'-0't\ico>4-in.-«t-iincMroon-cn ■^mmmiftO'ini-iP'M-H r-iAmNOOcnoomfflO'O'-i'teoN'OO'toNt^N'OtH-c
O ' O O ' O ' O ' C D C O O O C O C O O O O ' O ' O ' O  O O H r - l r l | \ | ( \ J ( T l f n > 3 - ^  

O O O O O O O O O O O O O O O i - t < - « » - i H H H i - i i - i H H H

oocMooinp^fncMrHCMr^(MO''Oi-ceoo'0>-4inn-M-r^oo<Mmn- o o v f O N i o m N i - i ' i ' O ' O N v o o n i i n m m o i n i O r i i n o H
a m* m. a a ^ a

O
t I I I

N N f n m ^ M - M - i r i i n i n i n  « o  o  c o  O ' O ' O '
I t  l l l l I I I I I l l l I l I I

O  O O  H  
r—4 r—4 rH r—4
i i i i

• 3 C M O e o i M ' 3 f n C ' C M O ' c n i M O ' r ^ r -  i n m o n - o o ' t M . o o t M m  iniM.-iriinoofflOMONmmo' a i r H H H n i n o n i ' o m  l^tncnr-<o'r>''Oininin>of^oo»-iM-comt^-^-«ino''i-a3<MP~-^-i O'O'O'O'cooooooocooococoajO'O' ( f O O H n H N M m m - t

O O O O O O O O O O O O O O O  O r l H H H H r - l r l H i - I H

m r - > 4 - o m i - < m ' O m c o o ' i n > o * - c > - « o o o n - ^ 3 - > 4 - i n —« o c o m i —i 
N H N N N m m N N i - t N H O H C O  O ' ^ O D N i n r f l ' O M ' O O '

O O O O O O O O O O O O O O O  
I I I I I I I I I I I I I I I

i n r n o H t h N H h O ' - i - ' j i ^ - t o o '  

I'O'ti'jHOC'too'O'OHoi-oO'CtoN-oo'mf'oeir'O
< K n v n v f t v m f N m c n r f i m n \ n \ / T \ n \ f t  q  O  H  h  h  CM CM fO CO ^

( ' • < o a « o c o o m r - o m i n  
m r ~ > 3 - r - i r ^ s j - o M - o o o

O ' O ' O ' O ' O ' O ' C O C O c O O O O ' O ' O ' O ' O

O O O O O O O O O O O O O O r H

m r - m o e o - t O ' i - i H N m N i a o o i n  cm cm cm t n  o  r-i o  oN r J N N N i n M j ' O ' M n o i f i i r i ^ c o i r i O - o m n ^ - t ^ m N
O O O O  O O O O O O O O O r H C M  C M c n m i M C M C M C M C M  CMCMCM 
I I I I I I I I I I I

inmoocM«3-r-io'0'0'>o»-ccM«s-cnr' m o ' O N O i n a i o M ' i i n  O'ONMciO'osm't'-imO'comninrHmiiMONconiamr' 
l ^ > C ' t N i - i 0 ' C 0 0 0 C 0 0 ' O H ( T l 0 0 m c 0 M - O ' > J ' O ' l f i O ' O > - l | ^ N  
O '  O '  O '  O ' O ' C O O O C O O O C O O ' O ' O ' O ' O  0 > - l ' - < C M C \ J r C | ' 3 - M - i n i n v O• • • • • • • • • • • • • • • • • • • • • I # * * *
O  O  O  O  O  O  O  O  O  O  O  O  O  O  i—I H  rH r-l r—l r-l r—l r—l f—I I—I i— I r—l

O O O O O O O O O O O O O O O O O O O O O O O O O O  
cm cm m O' 'OM-'Onjcncocoo'cncco' <omeomcoNitiO' cn c- rH oo>0'i-NHOO'0'0'0'onm>ooiftOinrioNMMfflmo' 
O' o  O' O' O'C'oocococoo'O'O'O'O Oi- ir- iNNctiNrj-sr inin  

» « • • • • • • • • • • • • • • • • • • • • » • • •
CD O O O CD O O O O O O O O O H  r—l r—I ■— t r—l rH rH r—l rH rH r-H rH

ocomo''OrH—icor-'OcnococMO'n-O'CMO'inrHrHn-M-mo'
( M ' t O O H O ' H O H M H O N C O  H r O  - 3 - 3 C V ' 3 0 ' C M r - i r ' - C ' i n  -3
0'cocMrHM-n-i-«Oi-icoincO'OincM'Occi>a-oo''3-0'sror^M-NHint'-t>0inr'Homca)ifMtiHO0'(iDM'>0'0't)iAir\
m  CM *3" o
'1- CM r-H --I

O r O l f t ' l - ' C m m m N N N N N r H H H H H H H H H

O O O O O O O O O O O O O O O O O O O O O O O O O O• • • • • • • • • • • • • • • • • • ■ • • • • • a *
O O O O O O O O O O O O O O O O O O O O O O O O O Oo o o o o t n o m o m o i n o o o o o o o o o o o o o o
f M v J - ' O c o o c M t n r ^ o c M i n r 'O i n o i n o m o i n o i n o i n o t n.HrHrHr-HCMcMcMcMcnmvt-'i-tnino-or'-r-cococj'O'



PR
ES
SU
RE
 
VD
LU
ME
 

Z(
EX
P)
 

Z(
P)
 

DE
V(
P)
 

Z(
0>
 

DE
V(
□) 

Z(
R)
 

DE
V(
R)
 

Z(
B)
 

DE
V(
B)
 

PS
IA
 

CU
FT
/M
OL
E

260

r>
O'

( o n m o M H i - i i n o o o o i - i O ' m ' t H O ' O m H i n N ' t o f f l  
w <t i n >  oo <o c> m eo ' i - h  n o *  h  O ' w  o  O'
• • • • • • • • • • • • • • • • • • • • • • • a * *o c o o o o H H H H N N m ' t O ' O M D c o c ' O ' O ' a ' O ' O ' e o

CMr—4
m

moeo a > c n i ' ~ r - 0 ' 3 ' O c M C M O O ' i M C M c o 3 'OcoininiMi'-om Mnm-j-oinmm'i-NommO't^'i-iftHcococoiOOift'O in3i^cnO'03mrn3inr'~0'moocnO'30tn3f'-rnO'OiM 0'0'oocoa>is-i'~r̂ r'-:'-i'~r'»is-a>coo'0'033CMCMcn33in 
• • • • • • • • • • • • • • • • • • • • • • • • • a0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 3 3 3 3 3 3 3

O' mmcM>ors-303ix>incM'Ooo«03ioO'003ooini'>-oo'3
' 0 3 i n e c m o o c n i n i n c M O ' ' D i n m c o c o i ' - o r s mr'' cm O' 3 cm t'-
01 I I I N c v m m m r i N N N r o N W N ' f ' f i f i i c O ' C  I I l I I ll l l I I I l I t l l l I Is- Is- n- i i i

O'in3

0''Oh'tO'm(Mr'N'j-'tco<tminNrt^>Homr-(ONi^r- mra-tm'OOf'h-0(Mi-i^^(DoooNinmo'i^m<oinN>o tnC'OCMcoiniM3CMminis-oin3p--3C'inO'OCMf'-mO'3 0'0'oocor~r~r>r-r-r-r^r-oo<DO'0'OOi-icM<Mmcc>M-'3-in • • • • » • • • » • • • • • • • • • • • • • • • • •0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 3 3 3 3 3 3 3 3

3
r-
CM

r-mcn3

(<l N O O O' O ''t  O' N 03lMr-lM33CMCMO'0'l'-03C03['~C O e D 3 0 3 0 ' ' 0 3 i n ' O i n 3 c n f s CMl''
0  c1 I 0 0 0 0 0 0 0 3 3 0 0 3 mvT'Ofl'Hrnicih I I I 1 3  3  3  3I I I

O' o  cm ro -I —I CM CM CM I I I I I
f'-0'Oininocn33'03inco3>orn33f-3NOcnina'0'0oor'OOOi^mincoN'i-(M(M>tomr-0'i-0'min>0't(CiNNin3 r - 3 o r s-in3inHocooiMf^3inocn'00cn«oa'fMinr"
0 ' CMDCOODr - Mv r ' > r v C O ( D ( D O ' 0 ' O O O i - l i - I H i - l ( M ( M N
• • • • • • • • • • • • • • • • • • • • • • • I f f *

O O O O O O  O  O  O O  O O O  O O O  i—I 3  3  i—I i—I i—I i—* »—* I-1

3Lf\•
CM

r o W H i O O O O H C M O C O h i O C M i - t i n O ' N C M i - l O O ' n n M ^ i n•-ii-<oom>oro(Mh-oMcnDc>oh'tMO'0(MO'rv Hrtr-ir-
0 o1 I o o o o o o o I I I I
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TA
BL
E 

18 
(C
ON

TD
)

269

>UJo

r'-ooJ<-ic\jcocM<j-Lr\si-.-ioor-(\ir^or-cnooo <o<9:H<o cnMnin oococo
©  a-< <m  c o  i n  O '  r t n m t '  o '  o h n n n h o b k ^  

H H r t - « a-4 CM CM CM CM CM N N ^ x t ^

CO
M

r t h ^ o i M d C u o  cocMcnoeoi^cDcor'- -O md in >$• cm M M n i n H O - m o - m r o o - r o o m > O N O i n i n i n i n H  (nLnr-O'^ror'inin-or-O'x-iinO'Ox-iroinoor-ivo 0'O^>0'0in>i’'t'*>t't'i-ir\ift0'0M00'O(Mm • • • • • • • •  • • • ■ • • • • • • • • • •
O O O O O O O O O O O O O O O O O  O  O  X-4 r-l X-I

a:
>LUO

O'h-'j-'f'Offlt^r-iroof'HO'OiniMirir^coi^O'OC0C0N'J-'l'*-iNll\C0MDNrixlO-<l,'tN>OO'HO)
01 N < f  « 0 ' C ' < O N O N  

I t I I I I I
sf«n»o>0'Oin<a-c\ir-i>-ix-i

oc
M

x^r-iinr~'Omr-r-mnj\OcocMxo»or-inr^'Ocoa5(Ti 0''tn0''*'0>tOH(MW0-'0iftntnN>0-i0'm0' 
n  i n  oo o > —i r - c o  r - i  m  cn c o  n -  i n  co  o  r -  o c u n r a  #-i 
0 ' < o N ' 0 ' O i n ' f - f i n i n i n « o < O M o o ' 0 '  h  r o m  o -  oo
• • • • • • • • • • • • • • • • • • ■ • • a

O O O O O O O O O O O O O O O O O r - l r - l - i r - i x H

>UJa

□
tsj

oiMO-’-unino-oiMO'o-C'O'O-Hinmm'O'Otni^ H O O H N N ' t f f l i n m o ' O ' O ' m o - n o ;  o m m o ' > o  • • • • • # • • • • • • • • • • • • • • • •
o o H r i H H i M m - j ' t N O O i n i M n ' O P i i o i M i n e oI I | rlrlNNfflmn I I I I I I I
Ho^h-t^O'>-tO'00(Mcom-Oi-iHO'inoo-«0''f«i0"i-inin>i-0'(M'ttnin(nr-0>'0'0ON0'n-
O'coco^-'Oinininminin^j-o-ot^n-r-coooo'O'O'a t a « » » » a a t a i a « a i a » a a a aO O O O O O O O O O O O O O O O O O O O O O

Cl*
>LUO

o o n m N M n o i n N ' t ' 0 < o o o N N r > 0 ' < o i n n o o '  
> - i > i - O M M ( \ J O ' O O i n H i n H r - i m > o i n  o n  «  >o i n

O  O  r-l o  O  I cm c n  i n  i n  l l l t l

i u rvl
_J

LL ■>1" D
oo X
O ' •V.

O H-
O • LL CL

a o 3 Xo O UJ
oo II w
CM r- M

r—. UJ
< r - _J
1 • Lil O

CL CM s  s :
It X 3  \

c J  H-
LU o II O  LL
CZ >  3
3 o O O
t- c > LU
< az 1 CLczLL □ 3  <
LU 1 o CO
D. LU 3 CO CO
X UJ LU O .
LU o to CLt-X CL a .

h  h  in o> <o >t co <N m o H O ' O  <s-in o  ( M n  in o  h  n  0''tm'0'tHr-0'MMHOCM<£>H<000''l-N4-4i m N O N ' t ' O n i N ' t N o m ' O N f f ' i n H f d i n N i o o  0' o o c o N 4 ) i n i n i n i n i n ' 0 ' 0 ' O N N o o >  o  a-i cm co ina a t t a i t a a a a a a a a a a i a a a a
O O O O O O O O O O O O O O O O O i - l r - l r - l « - 4 r - l

s r ' t m N ' f i n n i M i M O x i x i n j m N o m  s r  m m  cm co N o i n H o o f l i ' f ' O i o N a N r i H H i v j r t O ' m o m  cnNO'N<t'Onixi(M>tNo-fr-iooinN>oo'(nvoO' 
0'ooNN-oinminininin<0 'ONNcoo' o r-i cn m- in • • • # • # • • • • » • • • • • • • • • • •
O O O O O O O O O O O O O O O O O — lr-lr-lr-lx-l

O O O O O O O O O O O O O O O O O O O O O O  
o o o c o o c o N o o m w o o ' c n o H ^ ^ o m m i n  o r - c M ' £ > m r - i v o m c o m m i n o '  n m  o - o  o  o  cm o  >o n i N i n H r i ^ M n o o ' ( O N < o  o i n m - t  <r cn m cm cma a a a a i a a a a a a a a a a a a a a a aN N C M n m N C M t M H H H H H H H H r l H H H H  
CO r-l r-l

O O O O O O O O O O O O O O O O O  o o o o o  a a a a a i a a a a a a a a a a a a a a a aO O O O O O O O O O O O O O O O O O O O O Oo o o o o m o i n o m o i n o o o o o  o o o o o  c M s j - ' O c o o c M i n r - o c M i n r - o m o i n o  o o o o o  H r - i r - i H N n j N N m n - t ' f i n - O N o o ^ o



270

CD OBO ( M m O O > 0  0)HO<t >-l<0(VIOO(MSMt)COin<om<oO'0'Oin'ONO w .n  o >o> (m ^  co,^ h n  >  # •  • • • • • •  • • • • • ) • • • • • • • • •
u j  o  ' t h - N O  O '  H p i  m  m  w H H O '  o  o  n
a  ^ r l H O J N N N I M N C M ^ W H ^ r l

ot^co(MnmO'0'H(viinuMniDmoa<ooinO'mo 
•—  <o(Mno'r«r>4'0'Na>o>'^inNO«<oino>mooO'co oc'r-cMO'j-<t-incoocDi'-or^«a-cMOincMC''OCM—  Of-.Oin>a-cnrDcDCD>|-'i-'a‘inin>or'~a)0'r-icM'J‘'0rvl • • • • • • • • • • • • • • • • • • » • • •

O O O O O O O O O O O O O O O O O O r - 4 r - 4 r - 4 r - 4

CC CM CM O  CO O '  in CD r-4 O  CD • - *  r - l  O  0 *  r - 4  <4- ct> CD a >  O  Is -  o—  r*--d-f'-m©omr-j(nffiO'r-«eocooeO'£)cc>a-tr*cO'3-
>  • • • • • • • • • • • • • • • • • • • • • •
u j  0 " - * c j u \ o ' « - » 0 ' i n r - € o c o a ' e o h - 0 ' « a - c ^ o o ' e o r ~ t ^
Q  I I  I I  I I  r—4 H  H  r-4 r—4 r—4 r—4 r-4 r-4 r-4 r—4

«o-d-cMcDcn(Mnr^eocDCMcD<ocDO''*'CMcD.-4st->3-rD r- in in o <o o <m tn m o r-4 <\i in o <m m co •-« si o
oc oO'r^cvio'0'inr-4r-c\ico«nh-r-in-4-njr^<vicocDoo—  0'r-vOincDm>}-ininvO'Or'-r'-coo'Or-4«\jNj-inr~~oo

O O O O O O O O O O O O O O O r - 4 r - 4 r - 4 r - 4 r - 4 r - 4 r - 4

□o

00

UJ
CD<r

UJ
— iU- o  o  jj- s  r- v. O O I -  O  • LL• o  r>

O  o  
co it
CM CO 

—  CO 
<  CM 
I •

CL CD
u s:
aHI O  II

DC *»»o  o  o  1 - 0  
<  o c  |
cc: u. o  
uj i a  
a. uj roz: —i uj 
UJ O  CO i— s: q_

o
>
UJ
Q

a
ISl

Q -
^■r
>
UJo

CL

tvl

CL
X
UJ

f s l
U J_J

uj a

a  u. >  z> 
<_>

UJ  
DC 
= )  < .  
I / )  4-4 
LO CZ) 
U J  Q .  
CC 
Cl.

cm co o m o > t o i v 0 ' 0 ' m  -t o > h  «t m  <t O' >t N > t  
m C ' M D H > i - r - 4 c o < o c o > t H O c o c M i n  cn O' co O' cd cm
O  O  r4N <t rl i n m O ' O i D O ( D ( D « t c o c M ( o m i ^ r 4 ' t

r—4 r-4 r—4 |  |  r—4 r—4 CM CM CD CD <t" MC
I I I  I I I  I I

.-4C'coinco<Min<MCDr~-sOcoo'cDa'—ir~ocDininM- incomomoDOO'O-i in >o «o o o n >t m O'r-ir-ior'inM-r-r-i>i->oo'4-4CDr-ocDM3r-iM30-4-r'0'coMn4--f^iniDinift>o>o«oc-M^coeoo'0'0'     • •o o o o o o o o o o o o o o o o o o o o o o

cMO'O'CMOM-oor-^-ino'Or-vfcDO'r-cM-ivro
f f | 0 ' C D r - I O C " 0 > t ' - l ( D O O ( M ' t M ’ i n N f ^ O ' H ( D i n h -
• • • • • • • • • • • • • • • • • • • • • A

O O r - t O i - t ' O O C M C D C D C D ' a - ' a - ' i - C D C D C M O O O ' C O I ' '
|  r—4 r—4 r—4 t -^ r—4 r—4 r—4  r-4  r—4 r—4 r—4 r—4 r—4

r - I O O t ^ C D M - O ' v O M - C O C M r - r - r - l v O O ' - a i M v r c M C D v O  i n O ' c H ' O O N O m ( M O H r - 4 0 M n i n m < t \ o m i f t H  
r-4 r-4 O  i n  < t  N  I D  O  I D  C  I d  O  i n - f r C D C M r - H l ' - C D C '  M- O '  ocor-invt-<rM-ininOvDr-r-ooo'0—icMM-tnr^co• • • • • • • • • • • • • • • • • • • • • •
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ^ - 4 r - 4 r - 4 r - 4 r - 4 r - 4 r - 4

CM O '  O  -J-  O '  0 —4 0 —4 r - 4 O O l M O O O C M C D M - i n 0 ' < J -cMOsj-r-inmcDcocoocM><->oo>a->oi'-oosj-r-r->o r4HO'inmo'ri>toonh>-4ift>fcMOa>'},oinoiD
O'00>Clfl'tCD'f't'l-lDID>O>Of^(Cff'C'r-4(D-J->Or' • • • • • • • • • • • • • • • • • • • • • •
O O O O O O O O O O O O O O O O O r - 4 r - 4 r - 4 r - 4 r - 4

O O O O O O O O O O O O O O O O O O O O O O
O O O O O C D ' r O C M r ' O ' O C M O C O i n c O I ^ O ' O ' r O C O - i -o(M»cDooa)mmr-r4MHMno'<Or-4><t--40' cviOHin^-inHO(Mi!)eoNh>o«oinininM,'j-'j-m • • • • • • • • • • • • • • • • • • • • • •
> 0  > 0  O '  i n  CD CM CM CM r—4 r—l r - l  r 4  r—4 r-4 r—4 r-4 r-4 r—4 r—4 r-4 r-4 r-4 
C*1 r-4

O O O O O O O O O O O O O O O O O O O O O O
• • • • • • • • • • • • • • • • • • • • • Ao o o o o o o o o o o o o o o o o o o o o o  o o o o o m o m o i n o t n o o o o o o o o o o

c M M - ' O c o o t M i n r - o c M i n r - o i n o i n o o o o o c
r - 4 r - 4 r - 4 r - 4 C M C M C V I C \ I C D C D 4 - ' 4 - i n ' 0 I ^ C 0 0 ' O



TE
MP

ER
AT

UR
E 

* 
28
0.

00
 

F 
MO

LE
-F

RA
C(

CO
MP

-A
) 

= 
0.

82
73

 
PS

EU
DO

-V
C 

* 
3.
72
3 

CU
FT

/M
OL

E

271

CO CO O'  oo
w m  O'  cm
> .  .  .
UJ o  O  CM
o

rvi <j- c o  o  < f  oo c«\ <o a*  n  N O '  i n  m  c '  c o . - i  • • • • • • • • • • • • • • . • • • *
o o o o H X H . N N  c o m m  w « j - i f t m  « o c o

- 4  0  0
O ' —1 CM

CO r -  cn - 4
w co r -  i n
I S l . . .

o  o  o

<{)CMi-t<t«vhHiriHcooin(Mo<to<OH'tO>'t(Mn<0 0 <0 0 0 '0 0 <0 (MMNinNr-’S-cMa't^sj-cMO'i'-in-a-'a-inininr'-O'in 0'0‘0'oooooooor-r~i^p~r~r“r-i^r^r-c» . . . . . . . . . . . .  . . . . . .o o o o o o o o o o o o o o o o o o

zau
co

co<

cc >3- r-l O—4in 0
> . . .
UJ O O  CM
o 1 I t

h- in vf
O <r cn

cc co cn — I
w 00 r -  inM . .  .

00 0

o CO O'  'O
t*- r~ r -

> . .  .
l ii
o

0—4 cn

00 O  MD
CO r-4 cn

□ co in «3-
CO r -  in

M . . .
00 0

o . CO O'  —4
w r - r -  <r
> . . .
UJQ 0 r-4 r-4

co in cm
co r—1 r-4

CL CO in cn
CO h- mIM * . .
00 0

0 cn o'
CL CM co cnX co cn cm
LU CO l*- m. . .
CM

LU
—I

00 0

LU O 0 0  02T Z 0 0 0
3  ^ 0 in cn
— 1 H- 0 O  O'
□  LL . .  .
>  3 in <1- 0

O
UJ
CC

m r—4

3  <1 0 O  O
I/) t-i . .  .
lO I/) 0 O  O
UJ 0. 0 O  O
cc
CL

CM •3- sO

Nmr4(M<tin<tcoN>-<»*<om<4’<tor'0' 'OcMcocnc'f-'S’-i'O o«o«a-coO'inco aa

UJ
_ j

U. >3- O  
O' 5T- O  x .  O  *”* 1— 

O  •  LL
•  o  3  

o  O  >3- II co <r ■—- tn <  CO I •
CL —I

ii za
LU U  II
CC —3  0  0  
t -  <  >  <£ a: I 
QC LL CD
uj  I a
C L I U D
s :  - i  u j
LU CD t o  
H  r  Q.

O H I t c\ic\Jro^3-«r\tn>o>0'OvOiAin^'3-i r i i r t i I i i i i i icnI
<o<ocM'3<ominu\ffl cvimininoNco o co o n n i n a > M O f f l N O i n O ' o o o ' n > - i « H  
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uj ©ô -<rHr-irô -t̂ -«oror-Hr-HsrO'i-oo<vJeoror~oro
Q  I I |  r H r H r l N N m m ' t  > t

I I I I I I I I I

© M rH O ^rH ^v0H )-hT H C 0>0 'tO '0 ine00 'm -J '0 ' r-t
i— ~  —• O r H o o o v - a - r - H O ' r o m O ' O s f o o o ' r - c M o o r o r o r ^ ' O
2  a  w i n t ^ h h t c i s- o o r H ( f i i r \ r - 0 ' r j i n ( O H i n o « f h -  o
o —  0 ' o o r ' - < o i n H r H r s r i n i n i n i n i n x O ' 0 ' O f s- r - o o a o c o a '
O (vi • » « » » • » • » • » » » » » • • »  • • • •O O O O Q O O O O O O O O O O O O O O O O  o
o
CM •—

a. M co>t> t<o^)cM O in<0'tin<M N O iA ^'O om i^O 't
V— *Hro H O O' >t O O' r-l ^  in >t o  r- o o CM-T- Is- 00
> * » • • • * • • • • • • • • • • • » • • » •
Ui o o r—* 0 0 1 5 vf co 2 1 0 rHrH CMro m 5 5 6 CD
o 1 I 1 1 t l 1 I I I 1

ro rHro M- CO I-- CM O O' O' O' cm co CDo r-H O rH rH O' CM
<•>* in
CL ro in r- «o |v- r- o  co O' CMO' in CMao r—1ro so r- Is-

© co i-- o  in <«• sr m in in m >o oo CO o rH CM COsr
UJ rvi • » . • • • • • » • • • • • • • m • • • • •
_i o o o O O O O O O o

000

o  o 0 0 1 1 1 1 •H
LLcc a

in z
O' V

o sr (— si- O' x£> 1—1 'I1 O' r—H |X—o  in in rH COr- co CM Is- <r o  m vO
o • u CL CMCMCM0s o  in •h in o  r- •4- O' ro 1- O in >t H COxO
• o © X roinvOOi-vroroinao i-Hin COCMO' M- CM n£>o  <j- r- r-H

o o LU O' co r- >c in <f <r m*^  m in in >o r- co O' o CM CO MJ- xO
CMn • • . ■ . • • • • • • • ■ • • * . • • • • .
CM CO fv] c o O

000

o o o o o o o o o o o r-Hi—4 H rH r-H
ro uj

< o -j
1 • lu a © o o o o o o o o o o o o o  o o  o  o  o  o  o o
Or CM s: s: o o O O O co m m H o r- cr* oo o ro ro in in co oo O'

II "X 3  \ o  in Is- o o ^ r i O ' i n N o in rHin *h sr O' in cm O' r-
o -J K o  in CM rH CO Is- sC o in in ro ro cmCM CM rH •-H

UJ o II O  LL. • • • • • • • • • • • • • • • • . m • • • .
CC «Mri >  3 sr in O' nO  CM CM rH »—i rH rHrHrH rH r-Hr-H«—HrH r—i «Hr—H
3 O O U ro r-H
h- < > UJ
<. a£ 1 a:CC U- a 3  < o o o O O O O o o o o o o o o o O o O O O o
UJ 1 Q t/1 HH • . . • • • • • • • • • • • • • • * • • • .
CLUJ 3 CO CO o o o o  o  o  o  o o o O O O o  o o o o O O O oz —t UJ UJ Q. o  o o  o  o  in o  m o  tn o m o o o o o o o o o o
UJ □ CO CM sT >o cc o  cm in r*- O CM in r* o tn c  in o o O O O o
I—s: CL a. H rH i-IH N CMCM CM COro M- m- in © Is* CO O' o

r-H



318

a

CD
o

ŝ,
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SUMMARY ON TABLE 26

THE CALCULATIONS OF COMPRESSIBILITY FACTORS 
FOR THE SYSTEM METHANE (A) - NITROGEN (B)

Using Mixture Rules Suggested By Jof fee &6cZlidUevitchh (49) 'i 
And Equation Developed In Present Work

The Average (ABS) Deviation = 0.85 
The Maximum (ABS) Deviation =4.71

Using Mixture Rules Suggested By Joffe & Zudkevitch (49) 
And Gyorog-Obert Equation

The Average (ABS) Deviation = 1.38
The Maximum (ABS) Deviation = 8.20

Using Standard Redlich-Kwong Method

The Average (ABS) Deviation = 1318
The Maximum (ABS) Deviation = 13.28

Total No. Of Data Points In The System = 24

Critical Temp, of Component (A) = 1CI = 190.70000 Deg K
Critical Press of Component (A) = CPI = 45.79999 Atm
Critical ZC of Component (A) = ACI = 0.28999996

Critical Temp, of Component (B) = TC2 = 126.20000 Deg K
Critical Press of Component (B) = CP2 = 33.50000 Atm
Critical ZC of Component (B) = AC2 = 0.29144996

Interaction Temp. Coef = TC12 = 156.85109 Deg K 
Interaction Press Coef = CP12 = 38.00822 Atm
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pJ st o oo rv un o ON st cn o un o un CM sf ê- cn CM st 0 0 0 4X eg o ON ON ON ON e- vo un st eg ON p- vo un st- cn cn cn cn 4  U l r la) O o ON ON ON ON ON ON ON ON ON oo 00 00 00 oo oo CO 00 oo oo 00 ON
rH • • • • • • • • • • • • • • • • • • • • • • •

t s rH rH o o o o o o o o o o o o o o o o o o o o o

rH VO oo v£) vO rH vo 00 o rH eg eg eg eg rH o ON 00 oo p- un cn p-
p-i eg St un VO n- oo oo 00 ON ON ON ON ON ON ON ON oo 00 oo 00 00 00• • • • • • • • • • • • • • • • • • » • « • • •

o £ o o o o o o o o o o O o o o o o o o o o o o oor~
ii
. ca «>a m >i-i o o o o o o o o o o o o o o o o o o o o o o cne a) tn st vo 00 o un o o o o o o o o un o o o o un o m o CMa) U PU rH rH CVJ cn <t- un vo oo o eg eg St un VO p< p* oo 00 ON ONH Ph rH rH rH rH tH rH rH rH rH rH rH rH



TA
BL
E 

30 
(c
on
t'
d)

384

© i—l 0 0 CM rH n © e g tH © Mf © VO tH CO 0 0 o c o CM n ©
ja © i—l v o CO Mf in o in c o n * VO in in CO Mf VO o © CM in VO

e g • • • • • • • • ■ • • • • • • • • • • • • •
> rH CO <1* © Mf Mf tH 00 tH CO CO © 0 0 CO © VO CM tH © vO CM
a ) 1 1 1 i tH CM CO CO Mf Mf Mf CO CO CO CO CM CM CM rH tH pH rH

Q 1 1 1 1 t 1 1 1 1 1 1 1 1 1 I 1 1 1

CM CO r—l r> * Mf 1^. in n * vO CO CM in CM in tH [> * O Mf VO © 0 0 Mf
, a CO CM © t n rH 0 0 iH CO © Mf tH © CM © VO tH 0 0 «H CO Mf © 0 0

H • • • • • • • • • • • • • • • • • • • • • •
> CO CM i—i © O o iH tH o o o © tH rH CM CO CO Mf Mf Mf in VO
a> 1 I i i 1 i 1 1 1 1 1 1 1 1 i 1

Q

ON rH 0 0 CM rH in 00 tH © CO iH CO tH Mf CM 0 0 rH 0 0 CM rH © rH
td © r—l VO CO Mf in o Mf © rH r - . 0 0 Mf CM CM Mf © rH Mf

CVJ • • • • • # • • • • • • • • • • • • • • © •
> t—i CO © Mf Mf iH 00 tH CO Mf © © n CM © in Mf CM © IS Mf
a ) i 1 i 1 rH CM CO CO Mf Mf Mf Mf CO CO CO CM CM CM CM tH tH CM

Q 1 1 1 1 1 1 1 1 1 i 1 1 i 1 1 1 CD 1

CM CO tH r > Mf r> in vO in VO O Mf © in VO © 0 0 m ©
cd CO CM u n u n iH oo rH CO © Mf © 0 0 o vO CM Mf 0 0 iH Mf © ©

tH • • • t • • • • • • • • • • • • • • • • r * •
> CO CM iH © © o rH rH O o o © tH rH CM CM CO CO Mf Mf © ©
a ) 1 1 1 i 1 1 1 1 1 1 1 1 1 1 i> 1

O o

CO O rH o o iH CM O Mf CM 0 0 r > tH VO 0 0 tH Mf tH vO o o o Mf
.a r—l © n * CM © CM VO O in in r - © © Mf rH © VO in CO CM © 0 0

e g © CO 0 0 o o n * VO vO u o Mf c o CO CM CM CM rH tH tH rH tH o O
• • • • • • • e • • • » • • • • • • • • • •

o o o o o o O © o o o © O O O o o O O O o o

CM CM in CO n CM CM CM Mf 00 in in CO 0 0 r - 0 0 CM r * . Mf © Mf
ja CO CM rH © © 00 r^ . VO in CO CM iH tH o o o tH iH CM c o ©

i—t a > O o © © © © © © © © © © © © © © © © © © o
TSl • • • • • • • • • • • • • • • • • • • « • •

e i i—l rH rH © o o O o © © O o o o o O O O o © tH

CO O iH o o tH CM o Mf rH 0 0 c o © Mf © CM in 0 0 n o CO CM ©
td © r^ . CM © CM vO o in in © © in CM © VO in Mf CM © 0 0

e g Q> 0 0 o o o o VO vO uo Mf CO CO CM CM CM tH tH tH tH tH rH ©
T S i • • • • • • • • • • • • • • • • • • • • • •

O o o o o o o o o o o o O o O O O O O o o o

CM CM © CO n CM CM CM Mf o o in Mf iH VO Mf in © Mf CM © rH
cd CO CM tH o © 00 1^. vO n CO CM rH tH o o o o tH CM c o Mf

r - l © © O © © © o \ © © © © © © © © © © © © © © O
• • • • • • • • • • • • • • • • • • • • • «

« 3 i—l iH rH o o o o o o © O O o o o o o O o © tH

O j CD CO CM o o iH o tH n * o o o CM O o in n * tH Mf in Mf CO CM
K cr> vO CO in © 00 o CO © tH VO CM tH 0 0 v o in c o CM tH o 0 0 n .
<a o o 0 0 00 r ^ . VO in in Mf CO CO CM CM CM rH rH jH rH rH iH rH o ©

e g • • • • • • • • • • • • • • • • • • • • • •
o o o o o o o o o o o © © O O O O O © © o © o

o J a » © o VO iH CO v o CO CM Mf vO CM rH Mf o © © in o o
X c n © o © ON a\ c o n * vO Mf CM O O © 0 0 o o 0 0 0 0 © CM 0 0
<u 0 0 © o © © © o \ © © © © © © 0 0 o o 0 0 0 0 o o o o 0 0 © ©r-l • • • • • • • • • • • • • • • • • • • • • •

T S o o rH O o o o o O o O o o O o o o o o © © o

cn <1* VO CM o 00 CM in vO o o 0 0 o o 0 0 n - r > v o CO CM tH CMfa I—l CO <f v o n - 00 oo 00 o o 0 0 o o o o 0 0 0 0 o o 0 0 0 0 0 0 0 0 r * . n -
• • • • • • • • • • • • • • • • <• • • • • • •

a o o o o o o o o o o o o o o o © o o o o o ©

co cd
CO *H o o o o o o o o o o o © o o o © o o o o o CMa) co v£> oo o m o © o o o o o © in o o o o in o in © tH
M  PL| rH rH CM CO glin VO o o o CM CM Mf in v o 0 0 oo © ©

iH rH tH rH tH rH i—i tH rH rH rH tH



TA
BL
E 

30 
(c
on
t'
d)

385

pH m vO ph ph 00 H m in t—ioo VO m cn cn on p> CM CM Mf H CMpa ph m m p* Mf oo o  * - •  th cm p* vo m m CM m oo cn m O n cn ON
• • • e • • • a a • a a a a a a a a a a a a a

CM m on vO CM oo cn CM p* pa CM CM o OO 00 oo vO VO cn m o vo iH
rH i i fH CM CM cn Mf Mf Mf Mf Ml* cn cn cn CO cn i i H i- J CM

1 1 1 f i 1 i i 1 1 i 1 1 i 1 i 1 1 1

rH  P h o n cn CM rH o n fH CM P h 0 0 CM oo fH cn P . o rH Mf cn ON p cnw  cn Mf O tH o O  Mf CM CM 0 0 oom o Mf o n rH vo 0 0 cn voo
•  a a a a a a a a a a a a a a a 'a a a a a a aCM 

I  1
rH

1
o

1
o o o o o

1
fH

1
CM

1
CM

1
cn <f in i t i ini mi p hi vO

1
Mf

1
CM

1
r—l

1
fH

1

ta CSJ
£o C II I  I  rH cs cm co <r hj-i i i i i i i

Mf Mf co in cn O VO CM CM Mf O
CM m p* o n o\ on Mf cn m o n cn

a a a a a a a a a a am cn iH »H iH o cn cn m o VO
Mf

1
Mf

1
1 -a 

1
-<f

1
Mf

1
Mf

1
Mf

i
i i fH

1
fH

1
CN)I

tH  Ph o n cnCM rH o n cnCM in 0 0 P * o n CTv o n vO c\o n M f cn o n P cn
cd m p̂ cn M f O iH o o cno 0 0 cncnO vO CM p p v o oocnVO o

rH a ♦ a a a a a a a a a a a a a a a a a a a a a
> M f CM fH o o o o o o fH iH CM o"> < t ininin VO M f CM rH fH<u I I I I I I I I I I I I I I I I I I I

inon CM PH ON PH. o n CP rH cn CP Mf vo p  cnPH PH CM vO Mf 00 CM CM
P  CM ON CM vO rH vO pH o cn VO 3* fH 00 P n cn iH cn ON CM PH CM

CM 00 00 P pH vO vO in Mf Mf cn CM CM CM tH «H »H iH iH oo PH P h vO vOo a a a a a a a a a a a a a a a a a a a a a a ao o o O o o o o o o o o o o o o o o o o o o o
VO vO inO o\ rH cnCM M f o n CP CM PH o rH c o »H VO o o ON VO P h

rO M f CM rH o 0 0 0 0 PHvO m M f M f inm pH 0 0 o n cnCM PH m CM rH O
rH O O o o CP CP CP O CP CP CP CP o n CP CP CP o rH o o O O o

a a a a a a a a a a a a a a a a a a a a a a a
tH fH fH fH o o o o o o o o o o o o rH rH tH fH rH rH rH

m ON CM PH ON PH ON ON CN m cn ON tH rH PH rH CM 00 vO Mf 00 CM CM
cd PH CM ON CM vo fH vO P h O cn pH Mf CM m PH VO Mf rH cn ON CM PH CM

CM 00 00 P h P VO VO m Mf Mf cn CM CM CM rH rH tH rH tH 00 P P h vO VO
a a a a a a a a a a a a a a a a a a a a a ao o o o o o o o o o o o o o o o o o o o o o o

n)t—ts.

vO vO in O ON rH cn rH cn PH m PH cn VO 0 0 VO o CM o o ON VO PH
M f CM rH O 0 0 0 0 PH vO m M f M f M f m vo pH ON cn rH PH m CM rH OO O o O ON ON ON o ON ON ON ON ON ON ON CP o rH o o O O o

a a a a a a a a a a a a a a a a a a a a a a a
iH rH fH rH o o o o o o o o o o o o o rH rH rH rH tH tH

CNXSl

axa>
fH  Mf cn Mf m o m PH CM vO ON tH Mf m m Mf o CM ON cn vO 0 0 om oo CM CM Mf 0 0 CM cn P*H CM 0 0 P h m cn CM rH o 0 0 o m m pH tH
0 0 pH P h vO m  Mf Mf cn cm CM tH tH fH rH rH rH rH O 0 0 Ph vo inin

a a a a a a a a a a a a a a a a a a a a a a ao o o o o o o o o o o o o o o o o o o o o o o

aX<u
TSi

rH ON rH vO ON CM M f CM o PHPH vO CM 0 0  M f PHM f rH cnCM m ON vOo ON o ON 0 0 0 0 P h vO incnCM CM CM CM cnM f PHm o O o ON ONo ON o ON ON ON ON o ON ON ON ON ON ON ON ON ON o o O o ON ON
a a a a a a a a a a a a a a a a a a a a a a a

rH o rH o o o o o o o o o o o o o o rH fH rH tH o o

a 00cnin00M f PHo CM cncnCM rH o ON PHVO cnPH* PHm cnCM 00
rH  M f in VO PHP oo00oo00000000P.PHP a Ph VO P h rH cnm VO vOo a a a a a a a a a a a a a a * a a a a O a a a a ao £ o o o o o o o o o o o o o o o o o o O o o o o ocn v o

rH

II
iH

II
a CQ cd ,a CO•H o o o o o o o o o o o o o o o o o vo Q. o o o o oa 0) CQ o m o o o o o o o o o o o o m o m PH B m o o o o

<U u PH iH rH CM cnM f m vo 00o CM M f m vo pH PH00oo00 CU rH CM cnM f m
H p-» tH rH «H rH rH rH tH rH rH rH H



TA
BL
E 

30 
(c
on
t'
d)

386

CM
&
P

cd CM
5)
a

£p

vO 01 CM Mf Mf Mf cn
CM r> mt cn © VO 01 cn• • • • • • • •cn VO rH m 01 vO cn 00i I tH1 rH1 rH1 CM1 cni cni

CM o VO Mf m Mf o VO© Ol VO VO cn CM rH• • • • • • • •
O m CO CM CM CM cn cnrH i 1 1 1 1 i i

tn cn VO rH © CM Mf MfCM r* Mf cn © 00 m ©• • • • • • • •
cn VO rH tn 01 © Mf cni 1 rH rH rH CM cn cn1 1 1 1 i i

CM rH © Mf CM © Mf Ol
O cn © © cn rH ©• • • • • • • •
© m cn CM CM CM CM cnrH i i 1 1 1 1 i

Mf CM © © 01 in n Is**Ol© © 01 m
O cn01 Mf Mf m r-*00rH © CM 00• • « • • • • ft • • • • •
Mf fM© cnr-*rH cncnMf cncncncn1 1 rH rH rH CM CM CM CM CM CM CM CM1 1 1 1 i i 1 i i i i

m cn© in© oorH r*. OlOlMf Mf© Mf Mf in© Mf 1̂ rH Mf rH cnrH ©• • • • • • • • • ft • • •
CM fM Mf CM rH CM cnMf Mf n inn  MfrH1 t 1 1 1 1 i 1 1 i i i i

Mf rH O o CM © © rH 00n cnOl <f© cn01 m rH oorH m tn oooo• • • • • • • • • • • ft ft
Mf fM © cnr-*CM Mf inm inm tn ©1 1 rH rH rH CM CM CM CM CM CM CM CM1 1 1 1 1 i i i i i 1

© CM in O O CM Mf m cnCM © CM© Mf cn•3*cn m OlCM rH Mf rH ©IT# • • • • • • • • • • • •
CM r*. Mf CM rH rH CM CM cn<f Mf Mf CMrH i 1 1 1 1 1 1 i 1 1 I 1rll

in©
CIJi

Q>vo•©rHI

o©•
MfCtlI

<Ntn
<nHI

rO CM

rO r©.

cd CM

r** cn in in © © © rHo cn r*.CM oo© CM ©00 © © in Mf Mf cn• • • • • • • •
© o © o © O O o
rH Mf © m ooMf © MfrH m <f cn cn cn mrH o © o © o © o• • • • • • • •rH rH rH rH rH rH rH rH

Is*.cn tn in O O 00 Mfo cn CM 00 O CM ©00 r*. © © m m Mf cnft • • • • • • •
© © © © o o o ©

o CO cn CM o CM m © Mf © cn oooo CM oo© cn © Mf CM © in cn© © in in Mf cn cn cn CM CM CM CMft • • • • • • • • • • «
o o o © o o © © O o o o

rH Mf © rH Mf 00 m OO rH cmCM © © © CM © © cn CM ©rH rH © © rH rH tH rH CM CM cn cn• • • • • • • • • ft • •rH rH rH rH rH rH rH rl rl rH rl rl

O 00 cn cn CM in 00 CM 00 o 00 Mf00 CM 00 © cn © Mf cn © oo n  Mf© © in m Mf cn cn cn CM CM CM CM• • • • ft • • • • • • •
o © © © © © o © © o © ©

CM01vO

tnMfCM

CMoiVO

rH <f © in oo CM m Mf rH cn n m cn rl Mf rH © O m orH in Mf cn cn cn Mf tn CM o © © rH in © CO CM © rl r-rH © o © o o o o rH rH rl © © rH rl rH rH CM CM cn cn• • • ft • ft • ft • • • • • « • • • • « • •rH rl rH rH rH rH rH rH rH rl rH rl rl rH rl rl rl rH rH rl rl

COMfCM

rl © © CM r^ Mf co rl in Mf Mf Mf CM © tn oo cn tn cn00 00 © Mf oo © rH © rH cn © rH CM m © © on CM o ©
r* © © in Mf cn cn CM r̂. © n m Mf cn CM CM CM CM CM CM rlft ft ft • • ft • • • • • • • • « ft • ft ft •© © o o © o o O o o o © © © O o o © o © O

tnCDvo

o Mf 00 oo in rl 00 © Mf Mf CO © rl Mf CM rl Mf CM rlrl rl rl rl rH rl o rl CM Mf in © OO © CM CO Mf © © cn
o © © © © © © © © © © © © © rH rl rl rH CM CM cnft • • • • • ft • • • ft • • • • • • • • • •
rl rl rl rl rH rl rl rl rl rl rl rH rH rH rH rl rH rl rH rl rH

©Mf©

Pho©oi SI
rl © 00 © o in r .̂ © CM CM 00 Mf © © © in Mf CM o r'-rl cn  Mf i n VO © © © pH rl cn Mf Mf m i n m in in in m tn s f• » • • • • • • o • • ft ft • « • • • • • « ft
© o © o © o © o o O o O o © © o © o © o o  o

ft CO cdo CO •H O O  O o o o o ©a cu CO o o  o o o o o ©0)
H

up-l P m CM cn < f m VO 00 orl CMrl

CMCM

a
$

© © o o o © O © O © o O  ©O © o © © © O in O © m O  CMcnMf in© ooo CM CM cnMf Mf m mrH rl rl rl rl rl rl rl

(£4ooinCM
II

aa)H
©©
M f 500

 
0.
26
 

1.
07
1 

0.
59
2 

1.
18
7 

0.
65
0 

1.
18
8 

0.
65
0 

-1
0.
78
 

-9
.8
6 

-1
0.
96
 

-9
.8
8

600
 

0.3
4 

1.
09
8 

0.
53
2 

1.
19
3 

0.
58
3 

1.
19
9 

0.
58
3 

-8
.7
1 

-9
.5
2 

-9
.2
1 

-9
.5
2

800
 

0.
41
 

1.
19
1 

0.
43
4 

1.
20
3 

0.
50
1 

1.
21
5 

0.
50
0 

-1
.0
1 

-1
5.
36
 

-2
.0
1 

-1
5.
20



TA
BL
E 

30 
(c
on
t'
d)

387

<1-<1- CM vO r-.o 00 in CM rH• • • • •
on o \ o H COrH rH CM CM CMi 1 1 1 1

00 ON o VOo CM CO r**• • • • •rH rH o o1 t 1 1

on o CO VOid m n*00n*CM $ • • • •
> on o rH CMa> rH CM CM CM CMQ I 1 1 1

CM o CM o vOm CM CO CO rH• • • • •o o o rH CO<u

m o \ ov mrO CM 00 CM rH
CM CO CO CO CO• • • • •

O O O o o
00 VO CO orO n* CM o ovOOrH CM CO si- m• • • • •rH rH rH rH rH

n* rH CO on oocd CM on inCM rHCM CO CO CO CO« t • • •o o o o o

id
O

Ph|
si

ca cd a *h<u oal-J P*Pu

oo <f tn oo rg m  o  oo vo <t- eg co co on

r-»

<1- vo oo O

o o o o 
O  1-1

• • •
tH  rH rH

•
no •
o TJ

43 O
U Xo  oo m 0) u

on vo m s a)
CM CM CM 6• • • •U
o  o  o M 4-1

<u e
<D •

o CO W1 <U 4J
O  Is* CM 00 u (3ON CO ON o a a)
co Ml* m •rH

• • • o CU a
rH rH rH X •H

o ■u MH
iw>> 0)

4^ X o
rl ON vO a

CO CO no T3• • • 0) a) fn
o  o  o 4J 4J u

cd cd •rH
rH i—i o0 3 cd0 CJ 60rH 1—4 0
cd cd PH

o  o  <t* o CJo  m  vo
CM CM CM /—s •rl
rH rH rH cd 43 XSX



388

M
00
cd4J3pqla

a) s
G o \
cd -d"

JC4J
<1)

§

a
4J
•rl
>4J <U

CO A!
>. • 3
CO 3

CsJ
(U #4J

0) M
0 to M
o to P

<44 O
<” J

&
CO 4-1
■IJ >•> 0
0 .0 co
ai CO

•rl T) aia 3 M
•rl 4J Pi
UH CO
to ai 0
ai 60 •rl
o 60a 3 * 3

CO 0
>, 04
4J CO O
•rl <0 i—I
a r—1 0
0 3 >
60 0 0
3 •a

to aiu 0to 3 o
O ■u •rl* 4-J
CO •rl 0
0 a 3
O O’

•rl 60 0
4J 0
cd •rl Tl

rH CO 03 CD <3

CM CM

cdu
4)
g

OV
•d- m

csî i
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SAMPLE CALCULATION FOR 0.

System: n-Butane (A) - Carbon dioxide (B) 
Informations used in the calculation:O

Temperature 220 F or 377.6°K TC1 = 425.17°K
Pressure 800 psia PC1 = 37.47 atm.
Mole Frac. (A)- Q.4480 Zĉj = 0.274

(exp.) 0.47349 TC2 = 304.2°K
02 (exp.) 1100317 Pc2 = 72.85 atm.
Z (exp.) 0.6231 Zc2 = 0.274
Tc12 304.00°K ;• Pc12 = 40.00 atm.

(1) Calculate Tc & Pc for Joffe - Zudkevitch Rule:
St =(Tc1/**2.5)/Pc1 = (425.17)2,5/37.47 = 99477.06
S 2 =(Tc2 **2.5)/Pc2 = 22154.85
S3 =(Tc12**2.5)/Pc12 = 40283.09 

11.3469 
4.1757

54 = Tc1/Pc1 =
55 = Tc2 P̂c2
56 = TC12/PC12 = 7*6°

Tc =
Siy2+ S2(l-y)2 +2S3y(l-y) 
S4y2 + S5(l-y)2 + 2S6y(l-y)

2/3
= 344.04 °K

=47.07 atm.

(2)

Pc = Tc/(S4y2 + S5(l-y)2 + 2S6y(l-y)
e/k =0.756 Tc 
T* = T/(0.756 Tc) = 1.4518 
b0 = 17Tc/Pc = 124.247 cc/mole 
Vc*= 1.322
Calculate constants for fugacity coeff. expression:
RFl = 398580.3 
RF2 = -222.08 
RF3 = 109331.1

RF4 = 7.3086 
RF5 = -265001.9 
RF6 = -124942.7

RF7 = -43494.7 
RF8 = -151951.6

(iEq. 113)
( Eq. 114)
( Eq. 115)
( Eq. 98)
( Eq. 99)
( Eq. 116)

(Eq.24&25)

(Eq.24&25)
(Eq. 20 )
(Eq. 10&20) 
(Eq. 123 ) 
(Eq. 122)

(Eq. 105) 
(Eq. 112)

(3) Calculate Virial Terms:
Ec* = 0.3057 *Fc *= -0.0754 Gc = -0.04596 (Eq. 128tol30)
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(4) Evaluate virial coeff. and derivative from Gyorog-Obert 
Tables using polynomials coeff. from Table 32:
B* = -1.2878 C* = 0.7466 D* = -0.01709
Bx = 2.6149 Cx = -1.0762 Dx = 0.2455

('■) B = b0B* = -124.247 • 1.2878 = -160.002 cc/mole
C = b ’*bG= (+124.247)2 e  0.7466 = 11525.78 (cc/mole)2
D = b3H* = (-124.247)3 • 0.01709 =-32777.9 (cc/mole)3
V = 5.68 • 62.437 = 354.642 cc/mole
V* = V/b0 = 2.85433

(5) Calculate Compressibility Factor:
Gyorog & Obsrt method-
Za = 1. + (160.002)/V + 11525.78/V2 + (-32777.9)/V3 = 0.6397
Zb = Za + Ul + U2 + U3 = 0.6326 (present method) (Eq. 48 )
Zc = 0.5873 (Redlich & Kwong method) (Eq. 12)

(6) Calculate Enthalpy Departure;

AHa= -1.2138 • 1.987 • 377.6 = -910.7 btu./mole (Eq. 84)
^Hb= -1.2235 • 1.987 • 377.60 = -917.98 btu./mole (Eq. 84)
Ln(f/P)* = -0.3191 (Gyorog & Obert method) (Eq. 85)
Ln(f/P)b = -0132644 (present method) (Eq. 85)
Calculate Fugacity Coefficients of pure Components:
Gyorog & Obert Method Present method

= 0.49728 0t = 0.49645 (Eq. 103)
02 = 0.98886 02 = 0.99510 Eq. 104)
%Dev in 01 = -5.02 %Dev in 0̂  = -4.85
%Dev in 02 = 1.43 %Dev in 02 = 0.81
7oDev in Z =2.68 7,Dev in Z =1.54
Redlich & Kwong Method: 
%Dev in Z = -5.73

NOTES: a) Gyorog & Obert Method,
b) Present Method. 
c() Redlich & Kwong Method.
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SUBROUTINE
APPENDIX V 

PROGRAM POLYFIT

CURVE FITTING FOR DOCTORAL RESEARCH GHANSHYAM PATEL OF NCE 
( PREPARED BY V. MILLER )
FIRST DATA CARD IN 314 FORMAT CONTAINS

NN WHICH IS THE NUMBER OF DATA SETS
J WHICH IS ONE GREATER THAN THE FIRST POWER OF X YOU USE

THUS IT IS USUALLY 1
L WHICH IS THE NUMBER OF COEFFICIENTS YOU DESIRE (INCLUDING

THE CONSTANT TERM IF ANY)
THE SECOND DATA CARD IN 3EI4.8 FORMAT INCLUDES 

X WHICH IS THE INDEPENDENT VARIABLE
Y WHICH IS THE DEPENDENT VARIABLE
W SHICH IS THE WEIGHTING FACTOR (IF SET TO ZERO THE

PROGRAM WILL SET IT TO ONE AUTOMATICALLY)
ANSWER COMES OUT IN THE FORM

A(I)+A(2)*X+A(3)*X*X+....

10
20
30

DIMENSION
DIMENSION
DIMENSION
FORMAT 
FORMAT 
FORMAT

A( 20, 
B(39), 
SD(20)

2 1 )
C( 20)

( IX, E14.8 )
/ 36HERR0R TWO EQUATIONS ARE IDENTICAL )
30H THE STANDARD DEVIATION EQUALS, E14.8 )

IRUN IS THE RUN NUMBER
READ 41, 
IEND=0

ISET

I SET = THE NO. OF DATA SETS TO BE RUN
15 READ 41,IRUN 

IEND=IEND+1

= *14//)
PRINT 42 , I RUN

41 FORMAT ( I4)
42 FORMAT (//20X,'RUN NUMBER

READ 40, NN, J, L
40 FORMAT ( 314 )

LAA = L
LL = L + L - 1
DO 50 K = 1, LL

50 B ( K) = 0.
DO 60 I = 1, L
SD( I ) = 0.

60 C ( I ) = 0.
T = 0.0
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401

SY = 0.0
DO 110 I = 1, NN
READ 70, X, Y, W

70 FORMAT I 3 ( F10.0 ) )
IF ( W - 0. ) 90, 80, 90

80 W =1.
90 DC = Y

T = T + W
AMULT = 1. / X ** J * W 
SY = SY + Y * Y * W
AC = Y / X
K = 0
DO 110 JJ = 1, LL
AMULT = AMULT * X 
K = K + 1
B(JJ) = AMULT + B(JJ)
IF ( K - L ) 100, 100, 110

100 AC = AC * X
C(K) = AC * W + C(K)
SD ( K) = DC * W + SD ( K)
DC = DC * X

110 CONTINUE 
K = 0
DO 120 I = 1, L
II = 1 + 1
DO 120 J = 1, I
II = 1 1 - 1

120 A(J, II) = B(I)
II =1
K = 0
M = L + 1
DO 130 J = M, LL
ir = n  + i
LA = L + 1
DO 130 I = II, L
LA = LA - 1

130 A(I, LA) = B(J)
DO 140 I = 1, L

140 A(I, M) = C CI)
M = L
N = L + 1
SIMULTANEOUS EQUATIONS
DO 200 J = 1, M
IF ( A(J, J) ) 150, 230, 150

150 DIV = A{J, J)
DO 170 I = J, N

160 A(J, I) = A(J, I) / DIV 
170 CONTINUE

DO 200 K = 1, M
IF ( K - J ) 180, 200, 180
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180 DIV = AIK, J)
DO 190 I = J, N

190 AIK, I) = AIK, I) - AIJ, I) * DIV 
200 CONTINUE

DO 220 I = 1, M
210 PRINT 10, All, N)
220 PUNCH 10, All, N)

GO TO 290
230 L = J
240 L = L + 1
250 IF I L - M ) 260, 260, 280
260 DO 270 I = 1, N

SAVE = AIL, I)
AIL, I) = AIJ, I)

270 AIJ, I) = SAVE
IF I AIJ, J) ) 150, 240, 150

280 PUNCH 20
PRINT 20
GO TO 310

STANDARD DEVIATION
D = SY
L = LAA
M = L + 1
SY = 0.
DO 300 I = 1, L
SY = SD(I) * All, N)
D = D - ABS I SY )
D = ABS I D )
D = SQRT I D ) / T
PUNCH 30, D
PRINT 30, D
CONTINUE
IF I I END .LE. ISET) GO T
STOP
END

+ SY
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APPENDIX VI

THIS PROGRAM CALCULATES CONSTANTS ASSUMED IN THE FIFTH, SIXTH AND 
SEVENTH VIRIAL TFRMS USING ERROR FUNCTION AND DIRECT OPTIMUM 
SEEKING METHOD

DIMENS I ON COEFI6,
1 ZE(50), W( 50)

DO 10 K = 1, 3
DO 10 J = 1, 13
DO 10 I = 1, 5

10 READ 20, C OF F ( I, J, K)
20 FORMAT ( IX, E14 .8 )

R = 8 2.05 6 7
CRK = 1. 5
EXPRK = 2 . 5
BTCSTA = - 1.5 4992 96
CTCSTA .84756953
DTCSTA = - .03978421
CBO = 70.98 693 8
zee = 0 .274 52 5 64
Rl = 1 .987
READ 30, XI
RF AO 3 0, X 2
PR I NT 180, XI, X2
READ 30, YO
READ 3 0, Y 1

30 FORMAT { FI 4.8 )
READ 30, Y 2
READ 30, Y 3
X? = X 2 * XI
PRINT 180, XI, X2
PR INT 140, Yl, Y2 , Y3
NN = 0
PRINT 40

40 FORMAT ( 1H1 )
PRINT 5 0

50 FORMAT ( 3O X , 6HTA3LE( ,
PR I NT 60

60 FORMAT ( IH )
NN = NN + 3

70 ISFT = 0
80 FORMAT I 4 ( IX, F14.8 )

READ 30, TCI
READ 3 0, CPI
READ 30, ZC1
READ 30, TC 2
READ 30, CP2
READ 30, Z C 2
READ 90, L

90 FORMAT ( 14 )
100 I SET = ISET + 1
1 10 FORMAT ( 4 ( 2 X , F14.8 )
1 20 FORMAT { 2 ( IX, E14.8 )

READ 120, T, Y

FNCTI3), V I 501, PAI50),

IH) )



0 404
APOW = 1. / 3. , ^
BPOW = 1. / 2. ■•■■-x- '
A = TCI / ( CPI ** BPOW )
AA = TCI / CPI
AAA = AA ** APOW
B = TC2 / ( CP? BPOW )
BB = TC2 / CP2
BBB = RB ** APOW

130 FORMAT ( 2 ( IX, E14.8 ) )
TA = ( Y * A ) + ( ( 1 , 0 — Y ) * B )
T 3 = {  ( Y * Y ) * AA ) + ( ( 1.0 - Y ) * ( 1.0 - Y ) * BB )
TO = ( ( AAA + BBB ) ** 3 ) * Y * ( 1.0 - Y )
TF = T3 + ( 0.25 * TD )
TC = ( TA * TA ) / TF
BO = 17.0 * TF
CP = TC / TF
Z C = Y * ZC1 + ( 1.0 - Y ) * Z C 2
VC = ( Z C * R * T C ) / C P
TC ENT = r - 273. 1 6
TF FR = ( TCENT * l.R ) + 32.0
ROCSTA = 17.0 / { R * ZC )
BO ■= ( 17.0 * TC ) / CP
VC ST AR = 1. / ROCSTA 
W1 = XI * VC STAR
W2 = X? * VC STAR

140 FORMAT ( 3 ( 2X, F14.8 ) )
150 FORMAT ( F14.8 )
160 FORMAT ( 4H TC=, F14.7, 3HB0=, F14.7, 6 H T S T A R =, F14.7, 3HCP=,

1 F 1 4 . 7 )
170 FORMAT ( 4H VC=, F14.7 )

ARK1 = ( 0.427B * R * R * ( TCI ** ( EXPRK ) ) ) / CPI
ARK.2 = ( 0 . A 27B * R * R * { TC2 ** ( EXPRK ) ) > / CP2
BRK1 = { 0.0 86 7 * R * TCI ) / CPI
BRK2 = ( 0.0867 * R * TC2 ) / CP2
ARK12 = { ARK 1 ** BPOW ) * { ARK? ** BPOW )
BRK12 = ( BRK1 + BRK2 ) / 2.0
ARK = ( Y * Y - ARK1 ) + ( ( 1. - Y ) * { 1. - Y ) * ARK2 ) +

1 ( 2 .  * Y * ( 1 . - Y ) *  ARK1? )
BRK = ( Y * Y * BRK1 ) + ( ( l . - Y ) * ( l . - Y ) *  BRK2 ) +

1 (2. * Y * ( 1 . - Y ) *  BRK 12 )
TSTAR = T / ( 0.766 * TC )
BTC = BO * BTC STA
CTC = ( BO * BO ) * C TC ST A
DTC = ( RQ ** 3 > * 0 TC ST A
FC = ( W1 * W2 ) * ( ZC - 1. - ( BTCSTA * ROCSTA ) - ( CTCSTA

1 * ( ROCSTA ** 2 ) ) - ( DTC S T A * ( ROCSTA ** 3 ) ) ) +
2 ( W1 + W2 ) * ( 1. + ( 2. * BTCSTA * ROCSTA ) + { 3. *
3 CTCSTA * { ROCSTA ** 2 ) ) + ( 4. * DTC ST A * ( ROCSTA **
4 3 ) ) ) - ( 2. + ( 6. * BTCSTA * ROCSTA ) + ( ! ? . *
5 CTCSTA * ( ROCSTA ** 2 ) ) + { 20. * DTC ST A * ( ROCSTA
6 ** 3 ) ) )
FI = EC / * ( W1 * W2 ) - ( 5. * ( W1 + W2 ) ) + 30. )
E? = El * ( VC 4 )
FC = ( W? * W? ) * ( ( 5. * ZC ) - 4. - ( 3. * BTCSTA * ROCSTA

1 ) - ( 2. * CTCSTA * ( ROCSTA ** 2 ) > - ( DTCSTA *
2 I ROCSTA ** 3 ) ) ) - W2 * ( ( 30. * ZC ) - 28. - ( 24.
3 * BTCSTA * ROCSTA ) - ( 13. * CTCSTA * ( ROCSTA ** 2 ) )
4 - ( 10. * D TC ST A * { ROCSTA ** 3 ) 3 ) - ( 20. + ( 30. *
5 BTCSTA * ROCSTA ) + ( 30. * CTCSTA * ( ROCSTA ** 2 ) ) +
6 I 20. * DTCSTA * ( ROCSTA ** 3 ) ) )
FI = FC / ( ( W1 - W2 ) * ( ( W1 * W2 ) - ( 5. * ( W1 + W2 ) )



1 + 30. ) )
GC = I W1 * W1 ) * ( ( 5. * ZC ) - 4. - { 3. * BTCSTA * ROCSTA

1 ) -  ( 2. * CTCSTA * { ROCSTA ** 2 ) ) - < DTCSTA *
2 ( ROCSTA ** 3 ) ) ) - W1 * ( ( 30. * ZC ) - 28. - ( 24.
3 * STCSTA * ROCSTA ) - { 18. * CTCSTA * ( ROCSTA ** 2 ) )
4 - { 10. 6' DTCSTA * ( ROCSTA ** 3 ) ) } - ( 20. + ( 30. *
5 BTCSTA * ROCSTA ) + { 30. * CTCSTA * { ROCSTA ** 2 ) ) +
6 ( 20. * DTCSTA * ( ROCSTA ** 3 ) ) )
G 1 = - GC / ( ( W1 - W2 ) * ( ( W1 * W2 ) - ( 5. * ( W1 + W2 )

1 ) + 30. ) )
E = E? * ( EXP { Y1 * VCSTAR * ( ( TC / T ) - 1. ) * ( ( TC /

1 T ) ** YO ) ) )
F2 = FI * ( ( TC / T ) ** Y2 )
G2 = G1 * ( ( TC / T ) ** Y3 )

180 FORMAT ( 2 ( 2X, F14.8 ) )
DEI = ( 15.0 * ZC - 10.0 - ( 6.0 * BTC ) / VC - ( 3.0 * CTC ) /

1 ( VC ** 2 ) )
EE I = ( - 24.0 * ZC + 15.0 + ( 8.0 * BTC ) / VC + ( 3.0 * CTC )

1 / ( VC ** 2 ) )
FE1 = ( 10.0 * ZC - 6.0 - ( 3.0 * BTC ) / V C -  CTC / ( VC ** 2

1 ) )
DE2 = DEI * ( VC ** 3 )
EE2 = Eri * ( VC ** 4 )
F E 2 = FE1 * ( VC ** 5 )
DE = 0E2 * ( ( TC / T ) ** 3 )
EE = EE2 * ( ( TC / T ) ** 3 I
FE = F F 2 * ( ( TC / T 1 ** 3 )
IF ( TSTAR - 1.30 ) 190, 190, 200

190 J = 1
GO TO 4 50

200 IF ( TSTAR - 1.45 ) 210, 210, 2?0
210 J = 2

GO TO 460
220 IF ( TSTAR - 1.60 ) 230, 230, 240
2 30 J = 3

GO TO A50
2 40 IF ( TSTAR - 1.75 ) 250, 2 50, 350
2 50 J = 4

GO TO 4 50
260 IF ( TSTAR - I.oo ) ?70, 270, 230
2 70 J = 5

GO TO 4 50
2 30 IF ( TSTAR - 2.00 ) 290, 290, 300
2 90 J = 6

GO TO 460
300 IF ( TSTAR - 2.30 ) 310, 310, 3?0
310 J = 7

GO TO 4 50
320 IF I TSTAR - 2.60 ) 330, 330, 340
3 30 J = 8

GO TO 450
340 IF { TSTAR - 2.90 ) 350, 350, 360
350 J = 9

GO TO 450
360 IF { TSTAR - 3.20 ) 370, 370, 330
370 J = 1 0

GO TO 450
380 IF ( TSTAR - 3.60 ) 390, 390, 400
390 J = 1 1

GO TO 4 50
400 IF ( TSTAR - 4.00 ) 410, 410, 420



406
410 J = 1 2

GO TO 450
420 IF ( TSTAR - 6.50 ) 430, 430, 440
430 J = 13

GO TO 450
440 PRINT 150, TSTAR

CALL EXIT
450 00 460 K = 1, 3

FNCT(K) = 0 
DO 460 I = 1, 5

460 FNCT(K) = FNCTIK) + COEFII, J , K ) * ( TSTAR ** ( I - 1 ) )
BT = F NIC T ( 1)
CT = F NC T (2)
DT = FNCTI3)
BS = BO * 8T
CS = BO * BO * CT
OS = ( BO ** 3 I * OT
PRINT 160, TC, BO, TSTAR, CP
PRINT 30, ZC
PRINT 130, Wl, W2
PR r NT 150, ROCSTA
PRINT 140, EC, FC, GC
PRINT 140, El, FI, G 1
PRINT 140, E2, F2, G2
IF I ISET - 2 ) 560, 470, -+70

470 IF ( NN - 30 ) 490, 490, 4B0
4 80 PRINT 4 0

NN = 1
NQ = 0
GO TO 500

490 NQ = 1
PRINT 60

500 PRINT 510, T
PRINT 520, Y
PRINT 510, VC

510 FORMAT ( 7X, 12HTEMPFRAT URE=, IX, F7.3 )
520 FORMAT < 7X, 14HM0LF FRACTI0N=» IX, F6.4 )
530 FORMAT ( 7X, 16HCRITIC A L VOLUME = , IX, F7.3 )

PRINT 50
NN = NN + 5
IF ( NO ) 540, 540, 570

5 40 PRINT 5 50
550 FORMAT ( IH , 7X, 8H PR E S SURE, ?X, 6HVOLUME, 4X, 6HVQLUME, 4X,

1 6HZIEXP), 4X, 4 H Z (P ) , 5X , 6H0EV(P), 2X, 4HZ(0), 5X,
2 6 HDE V (0), 3 X, 4HZIE), 5X, 6H0EVIE), 3X, 4HZIR) , 5X,
3 6 H 0 E V ( R ) )
PRINT 60
NN = NN + 3
GO TO 570

560 PRINT 510, T
PRINT 520, Y
PRINT 530, VC
PRINT 6 0
PRINT 550
PRINT 60
NN = NN + 7

5 70 READ 90, M
DO 670 J = 1, M
READ 130, PA(J ), W(J)
V I J ) = W ( J )
Z E ( J ) = ( PA(J) * V(J) > / I R - T ) vft
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ZU = 1.0 + BS / V (J ) + ( CS / ( VIJ) ** 2 ) ) + DS / I VIJ) **

1 3 )
Z 1 = Z U
DEV7 = I I Z1 - ZE{J ) ) / ZE(J) ) * 100.0
X7 = DEV7
ZEU = 1.0 + BS / V(J) + CS / I V( J) ** 2 )
ZEV = DE / ( V(J) «  3 ) t- EE / I N/ (J ) ** 4 ) + EE / ( VIJ) **

1 5 )
Z01 = ZEU + ZEV
Z 5 = Z 01
DEV5 = ( I Z5 - Z E {J ) > / Z E U )  ) * 100.0
X 5 = QEV5
PRKl = ( R * T ) / ( V (J ) - BRK )
PRK2 = ARK / I ( T ** 0.5 ) * V(J ) * ( VIJ) + BRK ) )
PR K = PRKl - PRK2
ZERK = PRK * V (J ) / I R * T )
DEVS = ( ( ZERK - Z E U )  ) / ZEU) ) * 100.0
X8 = QEVR
DEVRK = X 8
Ul = E / I VIJ) ** 4 )
VSTAR = V(J) / BO
VR = V (J ) / VC
XVI = XI * ( VCSTAR - VSTAR )
XY2 = X2 * I VCSTAR - VSTAR )
EXY1 = ABS ( XY1 )
FXY2 = ABS ( X Y 2 )
IF ( EXY1 - 150.0 ) 590, 590, 580

5 80 U2 = 0.0
5 90 U2 = F2 * VR * ( EXP ( XY1 ) )

IF ( EXY2 - 100.0 ) 610, 610, 600
600 U3 = 0.0
610 U3 = G2 * VR { FXP ( XY2 ) )

12 = Z1 + "1
Z 3 = 12 + U2
Z 4 = 7 3 + U 3
DFV4 = ( ( Z 4 - 7 F (J ) ) / ZF(J) ) * 100.0
X4 = DEV4
VIJ) = VIJ) / 1000.
NN = NN + I

6 20 IF I NN - 39 ) 6 50, 650, 6 30
6 30 PRINT 40

NN = 1
GO TO 640

640 PRINT 550
PRINT 60
NN = NN + 3
GO TO 620

650 PRINT 660, PAIJ), WtJ), VIJ), Z E U), Z4, X4, Zl, X7, Z 5, X5 ,
1 ZFRK, DEVRK

660 FORMAT I 7X, F8.2, 2X, F8.5, 2X, F8.5, 3X, F6.4, 3X, F6.4, 2X,
1 F7.2, 3 X , F6.4, 2X, F7.2, 3X, F6.4, 2X, F7.2, 3X, F6.4,
2 2 X , F7.2 )

670 CONTINUE
680 IF I ISET - L ) 100, 70, 70

END
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APPENDIX VII

(3) PROGRAM COMPUTE-Z-FACTOR

THIS PROGRAM CALCULATES Z-FACTOR FOR GASES AND GAS MIXTURES 
BY FOUR DIFFERENT EQUATIONS,
(1) GENERALIZED VIRIAL EQUATION DEVELOPED IN THIS WORK
12) GYOROG AND OBERT EQUATION
(3) STANDARD REDLICH AND KWONG EQUATION
(4) GENERALIZED BWR EQUATION
THE LENNARD-JONES FORCE CONSTANTS ARE ESTIMATED FROM CRITICAL 
PROPERTIES
THE VIRIAL COEFF. COMPUTED FROM THE GYOROG AND OBFRT TABLES 
WHICH ARE FITTED TO POLYNOMIALS
AFTER READING THE COEFF. FOR POLYNOMIALS AND CRITICAL CONST.
OF PURE COMPONENTS INCLUDING INTERACTION COEFF. OF THE SYSTEM
THE PROGRAM READS, L WHICH NO. OF TEMPERATURE SETSIN SYSTEM
THFN IT READS T AND Y WHERE T IS IN DEG. K AND Y IN MOLEFRAC.
THEN READS M WHICH IS NO. OF DATA POINT IN EACH SET
THEN READS P(J) AND VIJ) WHERE PRESS. IS IN PSIA AND V CUFT/MOLE
DIMENSION C0EFI6, 13, 6), FNCT(6), V(50), PAI50),
1 ZE(50), W(50), FUGEX1(50), FUGEX2(50),
2 HEXPI50)
THIS PART READS COEFF. OF POLYNOMIALS FOR WHICH

K REPRESENTS NUMBER OF FUNCTIONS B*, C*, AND D*
J REPRESENTS NUMBER OF POLYNOMIALS IN EACH FUNCTION
I REPRESENTS NUMBER OF COEFFICIENTS IN EACH POLYNOMIAL

DO 10 K = 1, 6
DO 10 J = 1, 13
DO 10 I = 1, 5

10 READ 20, COEFII, J, K)
20 FORMAT ( IX, E14.8 )
30 FORMAT ( 4 ( IX, E14.8 ) )
40 FORMAT { 2 { IX, E14.8 ) )
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50 FORMAT 

1
60 FORMAT 
70 FORMAT 
80 FORMAT 
90 FORMAT 

1
2SYSTEM 

100 FORMAT 
1
2(49). 

110 FORMAT 
120 FORMAT 
130 FORMAT 
140 FORMAT 
150 FORMAT 
160 FORMAT 
170 FORMAT 
180 FORMAT 

1
190 FORMAT 

1
200 FORMAT 

1
210 FORMAT 

I
220 FORMAT

1
230 FORMAT 

1
240 FORMAT 

1
250 FORMAT 

1
260 FORMAT 

1
270 FORMAT 
280 FORMAT 
290 FORMAT 
300 FORMAT 
310 FORMAT 
320 FORMAT 
330 FORMAT 

1
340 FORMAT 
350 FORMAT 

1
2

360 FORMAT 
370 FORMAT 

1
380 FORMAT 
390 FORMAT

( 4H TC=, F14.7, 3HB0=, F14.7, 6HTSTAR=, F14.7, 3HCP=,
F14.7 )
( 4H VC=» F14.7 )
( 14 )
i 35X, 17H SUMMARY ON TABLE, 14 )
( 1 2X ,
8IH THE CALCULATIONS OF COMPRESSIBILITY FACTORS FOR THE 

(A) - (B) )
( 20X,
58H USING MIXTURE RULES SUGGESTED BY JOFFE 8 ZUDKEVITCH
20X, 39H AND EQUATION DEVELOPED IN PRESENT WORK )
25X, 30H THE AVERAGE (ABS) DEVIATION =, F6.2 )
25X, 30H THE MAXIMUM (ABS) DEVIATION = , F6.2 )
20X, 26H AND GYOROG-QBERT EQUATION )
4 ( 2X, E14.8 ) )
2 ( IX, E14.8 ) )
2OX, 36H USING STANDARD REDLICH-KWONG METHOD )

TOTAL NO. OF DATA POINTS IN THE SYSTEM =, IX41H2 OX,
14 )
( 15X, 40H 
FiO.5, 6H 
( 15X, 40H 
F10.5, 5H 
( 15X, 38H 
3H )
( 15X, 40H 
F10.5, 6H 
( 15X, 40H 
F10.5, 5H 
{ 15X, 38H
3H )
( 15X, 32H
6H DEG K

CRITICAL 
DEG K ) 
CRITICAL 
ATM. ) 
CRITICAL
CRITICAL 
DEG K ) 
CRITICAL 
ATM. ) 
CRITICAL

TEMP. OF COMPONENT (A) = TCI «-t
PRESS OF COMPONENT (A) = CPI =,
ZC OF COMPONENT (A) = ZC1 = , F10.8,
TEMP. Or COMPONENT (B) = TC2 =,
PRESS OF COMPONENT (B) = CP2 = ,
ZC OF COMPONENT (B) = ZC2 = , F10.8,

INTERACTION TEMP. COFF = TC12 = , F10.5, 
INTERACTION PRESS COEF = CP12 =, F10.5,15X, 32H 

5H ATM. )
F14.8 )
2 ( 2 X, E14.8 ) )
3 ( 2X* E14.8 ) )
F14.8 )
43X, 5HTABLE, IX, T3 )
8X, 13HTEMPERATURE = , 3X, F7.2, 2X, 1HF )
8 X, 13HTEMPERATURE = , 2X, F7.2, 2X, 1HF, 10X, 
51HTHE COMPUTATIONS OF COMPRESSIBILITY FACTORS 
8X, 19HMOLE-F RAC(COMP-A) = , IX, F6.4 )
8X, 19HM0LE-FRAC(C0MP-A) = , IX, F6.4, 9X, 
33HSYSTEM (A) - (B), IX,
17H USING THE METHOD )
8X, 11HPSEUD0—VC =, IX, F6.3, IX, 9HCUFT/M0LE 
8X, 11HPSEUD0—VC =, IX, F6.3, IX, 9HCUFT/MDLE, 
38HSUGGESTED BY JOFFE 8 ZUDKEVITCH (49). )
IH )
40X, 5HTABLE, IX, 13, IX, 7H(C0NTD) )

FOR THE )

7X ,
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400 FORMAT ( IH , IX, 8HPRESSURE, 2X, 6HV0LUME, 3X, 6HZ(EXP)„ 4X»

1 4HZ(P), 4X, 6HDEV(P) » 3X, 4HZI0J, 4X, 6HDEV(0), 3X,
2 4HZ(R), 3X, 6HDEV(R? )

401 FORMAT ( IX,5HPRESS,2X,5HTEMP.,3X,3HM F,3X,4HPHI1,3X,4HPHI2,3X, 
14HPHI1»3X* 4HPHI 2,3X,4HPH11,3 X,4HPH12)

402 FORMAT ( IX, 4HPSIA, 3X, 2H F)
403 FORMAT ( IX, F8.1, 2X, F8.4, 2X, F6.4, 3X, F6.4, 2X, F6.2, 3X,

1 F6.4, 2X, F6.2, 3X, F6.4, 2X, F6.2 )
! 410 FORMAT ( IH , 3X, 4HPSIA, 3X, 9HCUFT/MOLE )
i 420 FORMAT ( IX, F8.1, 2X, F8.4, 2X, F6.4, 3X, F6.4, 2X, F6.2, 3X,

1 F6.4, 2X, F6.2, 3X, F6.4, 2X, F6.2 )
I 430 FORMAT ( 1H1 )

1010 FORMAT {IH+,77X,4F8.1,3F6.1)
I 1020 FORMAT (/20X,6F12.5,2X,4F8.2/)
I 1040 FORMAT ( 5F10.0 )

R = 82.0567
APOW 1. / 3.
BPOW = 1. / 2.
CRK = 1.5
EXPRK = 2.5
BTCSTA = - 1.5499296
CTCSTA = .84756953
DTCSTA = - .03978421
Rl = 1.987
READ 300, XI
READ 300, X2
READ 300, Y1
READ 300, Y2
READ 300, Y3
READ 70, MP
PRINT 280, XI, X2
X2 = X2 * XI
PRINT 280, XI, X2
PRINT 290 , Yl, Y2
I SET = 0
NN = 0
PRINT 430
PRINT 310, MP
PRINT 380
NN = NN + 3
MTOT = 0.
ADEV1 = 0.0
ADEV2 0.0
ADEV3 = 0.0
DMAX1 = 0.0000001
DMAX2 = 0.0000001
DMAX3 = 0.0000001

C
C THIS PART READS CRITICAL CONSTANTS OF PURE COMPONENTS AND
C INTERACTION COEFFICIENTS TC12 AND PC12 OF THE SYSTEM
C

READ 70, KTC 
READ 70, KODE
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READ 300, TCI
READ 300, CPI
READ 300, ZC1
READ 300, TC2
READ 300, CP2
READ 300, ZC2
READ 300, X
READ 300, TCM
READ 300, CPM
READ 300, AMI
READ 300 , AM2
TCM = TCM / 1.8
CPM = CPM / 14.
SI = ( TCI **
S2 — ( TC2 **
S4 = TCI / CPI
S5 = TC2 / CP2

/ CPI 
/ CP2

C
C JOFFE AND ZUDKEVITCH MIXING RULES (49) FOR TC12 AND PC12
C

Sll =(TCM**2.5)/CPM 
SI 2 = TCM/CPM
SKK1 = (Sll - X*X*S1 -<1.-X)*(1.-X)*S2 )/(2. * X * ( 1 • —X)) 
SKK2 = (S12 - X*X*S4 - (1.-X)*(I.-X)*S5)/(2. * X * (1-—X)> 
TC12=(SKKl/SKK2)**(2./3.)
CP 12 = TC12/SKK2
IF ( KTC .GT. 1 ) TC12 = TCM * 1.8
IF ( KTC .GT. 1 ) CP 12 = CPM * 14.696
S3 = ( TC12 ** 2.5 ) / CP12
56 = TC12 / CP12
57 = TCI / ( CPI ** ( 1. / 2. ) )
58 = TC2 / ( CP2 ** ( 1. / 2. ) )
READ 70, L

450 I SET = I SET + 1 
READ 1060, T, Y

1060 FORMAT ( 2F10.0 )
T = (T-32.)/1.8 + 273.16

C
C
C JOFFE AND ZUDKEVITCH MIXING RULES (49)
C

SKM1 = (Y*Y*S1> + <2.*Y*(1. -Y)*S3) +
SKM2 = (Y*Y*S4) + (2.*Y*(1.-Y)*S6) +
TC = (SKMl/SKM2)**(2./3.)
CP = TC/SKM2
AMAVE = Y * AMI + (l.-Y) * A M2
ZC = Y * ZC1 + ( loO - Y ) * ZC2
VC = I ZC * R * TC ) / CP
TCENT = T - 273.16
TFER = ( TCENT * 1.8 ) + 32.0
ROCSTA = 17.0 / ( R * ZC )
BO = ( 17.0 * TC ) /CP
VCSTAR = 1. / ROCSTA

23/49/14
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W1 = XI * VCSTAR
W2 = X2 * VCSTAR
CRVOL = VC / 62.437
FIT = - I-VI * (.I TC / T ) VI ) I
F2T = - ( Y2 4 ( ( TC / T ) «  Y2 I I
F3T = - ( Y3 * ( ( .TC / .t I .« Y3 1 1
FTT1 = I TC / T ) «  VI
FTT2 = ( TC / T ) ** Y2
FTT3 = ( TC / T ) ** Y3
RF1 = ( 4. / 3. ) * ( ( SI « S6 ) - ( S3 « S4 I )
RF2 = ( 4. / 3. ) * ( ( S3 * S5 ) - f S2 * S6 ) )
RF3 = { 2. / 3. ) * ( ( SI * S5 ) - ( S2 * S4 ) )
RF4 =( ( S4 * Y * Y ) + ( S5 * ( 1. - Y 1 * I 1. - Y I J ♦

1 ( 2. * S6 * Y * ( 1. - Y ) ) )
RF 5 = - ( 2. * ( SI + S2 - I 2. * S3 ) ) * ( S4 + S5 - ( 2. *
1 S 6 J 1 >
RF6 = ( 2. / 3. ) * ( ( SL * ( S5 - S6 ) ) + ( S2 * ( ( 8. * S4
1 I + ( 9. * S5 ) - ( 17. * S6 ) ) ) - ( ( 2. * S3 ) * (
2 { 4. * S4 ) + ( 5. * S5 ) - ( 9. * S6 ) ) > )
RF7 = ( 2. / 3. ) * ( ( 2. * SI * S5 ) - < S2 * ( ( 5. * S4 ) +
1 ( 9. * S5 ) - ( 16. * S6 ) ) ) + ( ( 2. * S3 ) * ( S5 -
2 ( 3. * S6 ) ) } )
RF8 = ( 2. / 3. ) * ( { 3. * S5 * S2 ) - C 5. * S2 * S6 ) +
1 ( 2. * S3 * S5 I )

C
C THIS PART ESTIMATES REDLICH-KWONG CONSTANTS IN MIXTURE
C

ARK1 = ( 0.4278 * R * R * ( TCI ** ( EXPRK ) I » /CPI» ARK2 - ( 0.4278 * R * R * ( TC2 ** ( EXPRK ) ) ) / CP2
1 BRK1 = ( 0.0867 * R * TCI ) / CPI
t BRK2 = ( 0.0867 * R * TC2 ) / CP 2
> ARK12 = ( ARK 1 ** BPOW ) * ( ARK2 ** BPOW I
> BRK12 = < BRK1 + BRK2 ) / 2.0

ARK = ( Y 4 Y * ARK 1 ) + ( ( 1. - Y ) * ( 1 . - Y ) *
1 { 2. * Y * ( 1. - Y ) * ARK12 )

1 BRK = ( Y * Y * BRK1 ) + ( ( 1. - Y ) * ( 1 . - Y I *
1 ( 2. * Y * ( 1. - Y ) * BRK12 )

) TSTAR = T / ( 0.756 * TC )
) BTC = BO * BTCSTA

CTC = ( BO * BO ) 4 CTCSTA* DTC = ( RO ** 3 j * DTCSTA

ARK2 ) + 
BRK2 J +

C
C THIS PART COMPUTES FIFTH, SIXTH, AND SEVENTH VIRIAL TERMS
C INDEPENDANT OF TEMPERATURE AND DENSITY
C

EC = { W1 * W2 ) * ( ZC - 1. - f BTCSTA * ROCSTA J - ( CTCSTA
1 * ( ROCSTA ** 2 ) ) - ( DTCSTA 4 ( ROCSTA ** 3 ) ) ) +
2 ( W1 + W2 ) * ( 1. + ( 2. * BTCSTA * ROCSTA ) + ( 3. *
3 CTCSTA * I ROCSTA 2 > ) + ( 4. * DTCSTA * ( ROCSTA **
4 3 ) ) ) - ( 2. + ( 6. * BTCSTA * ROCSTA ) + ( 12. *
5 CTCSTA * ( ROCSTA ** 2 ) ) + ( 20. * DTCSTA * { ROCSTA
6 ** 3 ) ) )
El = EC / ( ( W1 * W2 I - ( 5. * ( W1 + W2 > ) + 30. )
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ECSTA = El / ( ROCSTA ** 4 )
FC = ( W2 * W2 ) * ( ( 5. * ZC ) - 4. - ( :
1 ) - ( 2. * CTCSTA * ( ROCSTA * * 2 ) 1
2 « ROCSTA ** 3 ) ) ) - W2 * ( ( 30, *
3 * BTCSTA * ROCSTA ) - C 18, * CTCSTA
4 - I 10. * DTCSTA * ( ROCSTA * * 3 1 )
5 BTCSTA * ROCSTA ) + ( 30. * CTCSTA *
6 ( 20. * DTCSTA * C ROCSTA ** 3 ) I )
FI = FC / ( I HI - W2 ) * ( C HI * W2 I - I
1 + 30. ) )
GC = ( HI * Ml ) * ( ( 5. * ZC ) - 4. - C 2
1 ) - ( 2. * CTCSTA * ( ROCSTA * * 2 ) 1
2 ( ROCSTA ** 3 ) ) ) - HI * ( ( 30. *
3 * BTCSTA * ROCSTA ) - ( 18. * CTCSTA
4 - I 10. * DTCSTA * ( ROCSTA ** 3 ) )
5  BTCSTA * ROCSTA ) + { 30. * CTCSTA *
6 ( 20. * DTCSTA * ( ROCSTA ** 3 ) ) )
G1 = - GC / ( { W1 - W2 ) * ( ( W1 * W2 ) -
1 ) + 30. 1 )
E2 = El * ( VC ** 4 )
E = E2 * ( ( TC / T ) ** Y1 )
F2 = FI * ( ( TC / T ) ** Y2 )
G2 = G1 * < < TC / T ) ** Y3 )
FCSTAR = FI
GCSTAR = G1

C
C THIS PART LOCATES THE COEFF. FOR POLYNOMIALS
C

IF ( TSTAR - 1.30 ) 460, 460, 470
460 J = 1

GO TO 720
470 IF ( TSTAR - 1.45 ) 480, 480, 490
480 J = 2

GO TO 72 0
490 IF ( TSTAR - 1.60 ) 500, 500, 510
500 J = 3

GO TO 720
510 IF ( TSTAR - 1.75 ) 520, 520, 530
520 J = 4

GO TO 720
530 IF ( TSTAR - 1.90 ) 540, 540, 550
540 J = 5

GO TO 720
550 IF ( TSTAR - 2.00 ) 560, 560, 570
560 J = 6

GO TO 720
570 IF ( TSTAR - 2.30 ) 580, 580, 590
580 J = 7

GO TO 720
590 IF ( TSTAR - 2.60 ) 600, 600, 610
600 J = 8

GO TO 720
610 IF ( TSTAR - 2.90 ) 620, 620, 630

i. * BTCSTA * ROCSTA
- ( DTCSTA *
ZC ) - 28. - I 24.
* C ROCSTA ** 2 J ) 
) - ( 20. + ( 30. * 
( ROCSTA **2 1 ) +
5. * I HI + W2 ) )

I. * BTCSTA * ROCSTA
- C DTCSTA *
ZC ) - 28. - ( 24.
* C ROCSTA ** 2 ) ) 
) - C 20. + ( 30. * 
( ROCSTA ** 2 ) ) +
* ( 5. * ( Ml + W2 )
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GO TO 720
630 IF { TSTAR - 3,20 ) 640, 640, 650
640 J ss 10

GO TO 720
650 IF ( TSTAR - 3.60 ) 660, 660, 670
660 J s 11

GO TO 720
670 IF ( TSTAR - 4.00 ) 680, 680, 690
680 J = 12

GO TO 720
690 IF ( TSTAR - 6.50 ) 700, 700, 710
700 J = 13

GO TO 720
710 PRINT 270, TSTAR

GO TO 1100

41|,/49/14

C
C
C

720

730

THIS PART COMPUTES VIRIAL COEFF USING THE POLYNOMIALS

J, K) * ( TSTAR ** I I - 1 ) )

DO 730 K = 1, 6
FNCT(K) = 0
DO 730 I = It 5
FNCT(K) = FNCT(K) + COEFC!
BT = FNCT(1)
CT = FNCTI2)
DT = FNCT(3)
BT1 = FNCTI4)
CT 1 = FNCT(5)
DTI FNCT( 6)
BS = BO * BT
CS = BO * BO * CT
OS = ( BO ** 3 ) * DT
BSTAR = BT
CSTAR = CT
DSTAR = DT
BISTAR = TSTAR * BT1
C1STAR = TSTAR * CT1
D1STAR = TSTAR * DTI
PRINT 5001, S1,S2,S3,S4,S5,S6,TSTAR,Y,B0,VCSTAR,F1T,F2T,F3T,FTTI, 
IFTT2,FTT3,RF1,RF2,RF3,RF4,RF5,RF6,RF7,RF8 

5001 FORMAT (E14.8)
PRINT 5001 , EC,FC,GC,ECSTA,FCSTAR,GCSTAR,BT,CT,DT,BT1,CT1,0T1,BS, 
1CS,OS,B1STAR,Cl STAR,D1STAR

2 ) 790, 740, 740 
740 IF ( NN - 29 ) 760, 760, 750
750

760

IF ( I SET
IF ( NN -
PRINT 430
NN = 1
NQ = 0
PRINT 390, MP
PRINT 380
NN = NN + 2
GO TO 770
NQ = 1
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770

7 8 0

7 9 0

C
C
C

8 0 0

1» MOO 3 MAIN DATE = 69140
PRINT 380
PRINT 320, TFER
PRINT 340, Y
PRINT 360, CRVOL
PRINT 380 r
NN = NN + 5
IF I NQi I 78Or 780, 800
PRINT 400
PRINT 410
PRINT 380
NN = NN + 3
GO TO 800
PRINT 330, TFER
PRINT 350, Y
PRINT 370, CRVOL
PRINT 380
PRINT 400
PRINT 410
PRINT 380
NN tr NN + 7
THTS PORTION CALCULATES Z-FACTOR BY ALL THREE METHODS
READ 70, M
DO 970 J = 1, M
READ 1040, PAIJ) , W(J), HEXPIJ), FUGEX1IJ), FUGEX2IJ)
PAI J) = PAIJ) / 14.696
VIJ) = W(J» * 62.437
IF ( KTC .EQ. 1 ) VCJ) = I WIJ) * R * T ) /PA IJ)
MIJ) = V< J)/62.437
ZE (J I = ( PAIJ) * VIJ) 1 / < R 4 T )
HEXP (J) = AMAVE * HEXP (J>
ZU = 1.0 + BS / VCJ) + I CS / I VIJ) 4* 2 ) ) + DS

3 )
Z1 = ZU
DEV7 = I I Z1 - ZE(J) ) / ZEIJ) ) 4 100.0
X7 = DEV7
PRK1 = I R * T ) / I VIJ) - BRK J
PRK2 = ARK / ( I T 44 0.5 ) * VIJ) * I VIJ) + BRK ) )
PRK = PRK1 - PRK2
ZERK PRK 4 VIJ) / I R * T )
DEVS = ( ( ZERK - ZEIJ) ) / ZEIJ) ) * 100.0
X8 = DEV8
DEVRK = X8
U1 = E / I VIJ) ** 4 )
VSTAR = VI J) / BO
VR = VI J) / VC
HI = I ECSTA / I VSTAR ** 4 ) ) * 0.25
XY1 = XI * I VCSTAR - VSTAR I
XY2 = X2 * I VCSTAR - VSTAR )
EXY1 = ABS I XY1 )
EXY2 = ABS I XY2 )
IF I EXY1 - 150.0 J 820, 820, 810

/ (

23/49/14

V(J) **
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810 U2 = 0,0

H2 = 0.0
GO TO 830

820 U2 = F2 * VR * ( EXP ( XY1 ) )
H2 = ( FCSTAR/ ( XI * VCSTAR ) ) * I EXP ( XY1 ) )

830 IF ( EXY2 - 150.0 ) 850, 850, 840
840 U3 =0.0

H3 = 0.0 
GO TO 860

850 U3 = G2 * VR * ( EXP I XY2 ) )
H3 = ( GCSTAR / ( X2 * VCSTAR ) ) $ I EXP ( XY2 ) J

860 CONTINUE
HT1 = HI * FIT
HT2 = H2 * F2T
HT3 = H3 * F3T
Fill = HI * FTT1
FU2 = H2 * FTT2
FU3 = H3 * FTT3
12 = Z1 + U1
13 = Z2 + U2
Z4 = Z3 + U3
DELHRK = ZERK-l. + (3.*ARK/(2.*(T**l.5)*BRK*RM*ALOGmJ)/(V(J) + 
1BRK))
FUGO = IZ1 - 1. ) - ALOGl Z1 ) + I I BT / VSTAR ) + I CT /
1 I VSTAR ** 2 ) ) * 0.5 + ( DT / ( VSTAR ** 3 ) 1 * .( 1.
2 / 3. ) )
DELHO = Z1 - 1. - ( C BISTAR / VSTAR ) + I C1STAR / ( VSTAR ** 2
1 ) # 0.5 ) + ( DISTAR / { VSTAR ** 3 ) I * ( 1. / 3• ) )
DELTC = ( ( Y * Y * RF1 ) + I I I. - Y ) * f 1. - Y ) * RF2 ) +
1 ( 2. * Y * ( 1. - Y ) * RF3 ) ) / ( RF4 * RF4 )
DELPC = I I Y ** 3 ) # RF5 + I Y 2 ) * RF6 + Y * RF7 + RF8 ) / 
1 ( RF4 ** ( 3.5 ) )
FUG01 = FUGO + ( ( ( 1. - Y ) * DELHO ) / ( TC ** CRK ) ) * DELTC
1 + ( ( ( 1. - Y I * ( 1. - Z1 ) ) / ( CP CRK ) )
2 * DELPC
FUG02 = FUGO - ( Y / ( TC ** CRK ) ) * DELHO * DELTC + ( C Y *
1 I Z1 - 1. ) ) / I CP ** CRK ) ) * DELPC
FUGOP = ( Z4 - 1. ) - ALOGI Z4 ) + I I BT / VSTAR ) + I CT /
1 ( VSTAR 2 ) ) * 0.5 + ( DT / ( VSTAR ** 3 ) ) * ( 1.
2 / 3. ) I
DELHOP = Z4 - 1. - ( ( BISTAR / VSTAR ) + ( C1STAR / I VSTAR ** 2
1 ) * 0.5 ) + ( D1STAR / ( VSTAR ** 3 ) ) * I I. / 3. ) )
FUGP = FUGOP + ( FU1 + FU2 + FU3 >
DELHP = DELHOP - ( HT1 + HT2 + HT3 )
FUGP1 = FUGP + ( I I. - Y I / ( TC «  CRK I ) * DELHP * DELTC + C
1 I I 1. - Y ) * I 1. - Z4 ) ) / ! CP ** CRK ) ) * DELPC
FUGP2 = FUGP - I Y / I TC ** CRK ) ) * DELHP * DELTC + ( C Y *
1 I Z4 - I. ) ) / I CP ** CRK ) ) * DELPC
DEV4 = ( I Z4 - ZEIJ) ) / ZEIJ) ) * 100.0
X4 = DEV4
VIJ) = VIJ) / 1000.
PAIJ) = PAIJ) * 14.696
FUGEX11J) = IFUGEX11J)/1 Y * PAIJ)))
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(FUGEX2C Jl/Ul.-Y) *

370
880
890
900
910
920

930
940

950

960

965

F UGEX2(J) =
IF ( FUGEXl(J) .EQ. 0 ) 

FUGEX2(J) .EO. 0 )
= EXP ( FUG01 )
= EXP C FUG02 )
= EXP ( FUGP1 )
= EXP I FUGP2 )
CCFUGEX1CJl - FUG01 
CCFUGEX2CJ» - FUG02 
f IFUGEXlfJl - FUGP1 
(CFUGEX2CJ) - FUGP2

IF I 
FUG01 
FUG02 
FUGP1 
FUGP2 
DEF1 = 
DEF2 = 
DEF3 = 
DEF4 = 
ENTHA1 
ENTHA2 
ENTHA3 
DEH1 * 
DEH2 = 
DEH3 = 
DEVI 
DEV2 
DEV3 
DEVI 
DEV2 
DEV3
ADEV1 = 
ADEV2 = 
ADEV3 = 
IF
DMAX1 = 
IF
DMAX2 = 
IF
DMAX3 =
CONTINUE
MTOT
NN
IF
PRINT
NN
PRINT
PRINT
NN
GO TO 
PRINT 
PRINT 
PRINT
NN
GO TO 
PRINT 
IF C 
PRINT 
IF ( 
PRINT 
IDEF1,

FUGEXl(J) = 
FUGEX2CJ) =

P AC J ) I » 
1.0 
1.0

J/FUGEX1CJ)) 
I/FUGEX2CJ)) 
J/FUGEXU J) ) 
I/FUGEX2CJ)I

100.0
100.0
100.0
100.0

= R1*T*DELH0*1.8
= Rl^T^DELHP #1.8 
= Rl$T*DELHRK=n.8 
((HEXPC J) - ENTHA1 
CCHEXPCJ) - ENTHA2 
CCHEXPCJ) - ENTHA3 
= X4

/HEXP(J)) 
/HEXPCJ)I 
/HEXPCJ))

$
*
*

100.
100.
100.

X7
X8
ABS C 
ABS C 
ABS C 
ADEV1 
A0EV2 
ADEV3 
C DEVI 
DEVI 
t DEV2 
DEV2 
C DEV3 
DEV3

DEVI J 
DEV2 )
DEV3 )
+ DEVI 
+ DEV2 
+ DEV3
- DMAX1 )
- DMAX2 )
- DMAX3 )

880, 870, 870
900, 890, 890
920, 910, 910

960, 940
= MTOT + 1 
= NN + 1

C NN - 37 ) 960 
430 

= 1
390, MP 
380 

= NN + 2 
950 
400 
410 
380 

= NN + 3 
930
420, PACJ), WCJ), ZECJ) 

KODE .EQ. 3) GO TO 965 
1010, HEXPCJ), ENTHA1,
KODE .EQ. 2) GO TO 970 
1020, FUGEX1C J), FUGEX2CJ), 
DEF2, DEF3, DEF4

Z4, X4, Zl, X7, ZERK,
ENTHA2,ENTHA3, DEH1, DEH2

FUGO1, FUG02, FUGP1,

DEVRK
DEH3

FUGP2,
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PRINT 5001

970 CONTINUE
980 IF ( I SET - L )
990 ADEV1 = ADEV1 / MTOT

ADEV2 = ADEV2 / MTOT
ADEV3 = ADEV3 / MTOT
PRINT 430
PRINT 80, MP
PR INT 380
PRINT 380
PRINT 90
PRINT 380
PRINT 100
PRINT 110
PRINT S380

; PR INT - 120, ADEV1
PRINT 130, DMAX1
PRINT 3 80
PRINT 100
PRINT 140
PR INT 380
PRINT 120, ADEV2
PRINT 130, DMAX2
PRINT 380
PRINT 170
PRINT 380
PRINT 120, ADEV3
PRINT 130, DMAX3
PRINT 380
PRINT 180, MTOT
PRINT 380
PRINT 380
PRINT 190, TCI
PRINT 200, CPI
PRINT 210, ZC1
PRINT 3 80
PRINT 220, TC2
PRINT 230, CP2
PRINT 240, ZC2
PRINT 380
PRINT 250, TC12
PRINT 260, CP12
MP MP + 1
IF(MP-IOO) 440,440,11

100 CONTINUE
000 STOP

END

450, 990, 990
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c
cp DEFINITION OF VARIABLES IN COMPUTER PROGRAM
L
c ADEV - TOTAL DEVIATION
c AMAV - AVERAGE MOLECULAR WT.
c AMI 1 ) - MOLECULAR WT. OF COMP. I
c BTCSTA - B* AT CRITICAL TEMP
c BISTAR - REDUCED DERIVATIVE OF SECOND VIRIAL TERM
c BO - LENNARD JONNES FOURCE CONSTANT
c BS - SECOND VIRIAL COEFF„
c CISTAR - REDUCED DERIVATIVE OF THIRD VIRIAL TERM
c COEF - COEFFICIENTS OF POLYNOMIALS FOR GYOROG-OBERT TABLES
c CP12 - INTERACTION PRESSURE COEFFICIENT
c C PM - MIXTURE PC
c CPI 1) - CRITICAL PRESSURE OF COMP. I
c CS - THIRD VIRIAL COEFF.
c CTCSTA - C* AT CRITICAL TEMP
c DEV - DEVIATION
c DELHO - ENTHALPY DEPARTURE FOR G-0 EQ.
c DELHOP - ENTHALPY DEPARTURE FOR PRESENT EQ.
c DELHRK - ENTHALPY DEPARTURE FOR R-K EQ.
c DISTAR - REDUCED DERIVATIVE OF FOURTH VIRIAL TERM
c DMA X - MAXIMUM DEVIATION
c DS - FOURTH VIRIAL COEFF.
c DTCSTA - D* AT CRITICAL TEMP
c ECSTA - EXPRESSION FOR FOURTH VIRIAL COEFF. TERM.
c ENTHA1 - CALCULATED ENTHALPY FOR G-0 EQ.
c ENTHA 2 - CALCULATED ENTHALPY FOR PRESENT EQ.
c ENTHA3 - CALCULATED ENTHALPY FOR R-K EQ.
c FCSTAR - EXPRESSION FOR FIFTH VIRIAL TERM.
c FNCT - VIRIAL COEFFICIENTS IN ARRAY
c FUGEX1 - FUGACITY COEFFICIENT FOR COMPONENT 1 - EXPERIMENTAL
c FUGEX2 - FUGACITY COEFFICIENT FOR COMPONENT 2 - EXPERIMENTAL
c FUGO - FUGACITY FROM G-0 EQ.
c FUGOl - FUGACITY COEFF. FOR COMP. 1 FROM G-0 EQ.
c FUG02 - FUGACITY COEFF. FOR COMP. 2 FROM G-0 EQ.
c FUGP - FUGACITY FROM PRESENT EQ.
c FUG PI - FUGACITY COEFF. FOR COMP. 1 FROM PRESENT WORK
c FUGP2 - FUGACITY COEFF. FOR COMP. 2 FROM PRESENT WORK
c GCSTAR - EXPRESSION FOR SIXTH VIRIAL TERM.
c HEXP - ENTHALPY-EXPERI MENTAL
c MP - TABLE NUMBER
c MTOT - TOTAL POINTS
c OMEGA - ACENTRIC FACTOR
c PA - PRESSURE
c ROCSTAR - RHO*
c T - TEMPERATURE
c TC - CRITICAL TEMP.
c TCI 1) - CRITICAL TEMPERATURE OF COMP. I
c TC 12 - INTERACTION TEMPERATURE COEFFICIENT
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TCM - MIXTURE TC
TSTAR - REOUCED TEMPERATURE
V - VOLUME
VCSTAR - VC*
W - DUMMY VARIABLE FOR VOLUME 
Y - MOLE-FRACTION
ZB - CALCULATED Z FOR BWR (GENERALIZED) EQ.
ZC - CRITICAL Z
ZE - EXP. COMPRESSIBILITY FACTOR
ZERK - CALCULATED Z FOR REDLICH-KWONG EQ.
ZU - CALCULATED Z FOR GYOROG-OBERT EQ.
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