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ABSTRACT

This study investigated the behavior of the enhancement factor
with respect to the reciprocal temperature for He-CaHg, He-Kr,
Hp-CgHg and Hp-CyHg systems. A computer program was written

to compute the enhancement factor with equations employing vi-
rial coefficients. The systems He-C2Hg, He-Kr, Hp-CgHg and
Hgp-CoHg were tested in the temperature ranges 95.0°%K - 230.0 %K,
100.0°K - 150.0%K,;323,0%K- 523.0°%, and 83.0% -255.0%,respec-
tiVely; The pressure range was 0 to 150 atmospheres for all the
binary systems mentioned.

The enhancement factor plotted against reciprocal temperature
shows a minimum near the boiling point of the heavy component
in the He-CaHg, He-Kr and Hy-CgHg systems. The Hz-CaHg was
tested with twelve isotherms and no minimum was obtained, which
is in agreement with the experimental work reported by Hiza,
Heck and Kidnay [19].

The minimum in the enhancement factor versus reciprocal tempe-
rature plot was determined to be due to the enhancement factor
equation term,v2y1 B4y #/RT. The solubility of gas in the liquid
was determined to be a factor in this minimization. In systems
where the solubility in the liquid phase is a factor, the mole
fraction of the heavy component should be considered in the

enhancement calculation.
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INTRODUCTION

The study of systems composed of light and heavy binary mix-
tures has importance in extreme ranges of processing, such as

cryogenics and high pressure aromatic hydrogenation.

The purpose of the work presented here is to investigate the
existence of the minimum enhancement factor on an isobaric
plot at reciprocal temperature of several light-heavy binary

systems.

According to Hiza-Duncan [l], the minimum enhancement factor
"may be unique'" for the He-CoHg system. This work was done
to determine the cause of the enhancement factor minimization
for the He-CyHg and to determine if this minimization could

be predicted for other systems.

A better understanding of the minimum in the enhancement factor
in binary systems could produce an improvement in better pre-
diction of separation of the heavy component from the light

component,
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LITERATURE REVIEW

I. Condition cf Equilibrium
The condition of equilibrium for a solid-vapor and liquid
vapor system may be written in terms of fugacity:
v s L
A “
i i i
The variables are defined in the 'Nomenclature' section.

re
For a component in a liquid solution the fugacity J[; caa be
4

fexio £ 2)

expressed as:
]

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

activity coefficient Ti reference state is 1.0 for the oure

liquid.

The fugacity of compecnent "i'" in a binary system can be ex-

pressed in terms of vclumetric behavior hé} as follcws:

)
n | i ) 1 léﬂ) =7 | _
JETE s} Sy |z @

TXid RT Y 3 ITvn, J
or as ’
f o \ RT
‘, i \_ -l_. [__y_\ - ;T (4)
d (ﬂXi)- RT.9 lxéﬂ;}T.‘\,’,ni T

B

Making the assumtion of Xi= l. and solving the ecuation (=),

S
the fugacity oI pure solid {; can be written as

rs un 7T
s V. [T [of _RT g 2 os _ RT lag

N

e
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If the effect of pressure on the volume of the solid is
neglected, the equation (5) may be written as
H
- o Ao WA — o) - 6
[+ B exsl =g T 2

[RXINE ]

!
Where the fugacity coefficient,QDf, of component "i" at

its saturation pressure, Q° is Ff
] e - ] [\/. - RI ]dﬂ' 7)
Y S RT o

0
The standard state fugacity of the liquid equals the liguid

fugacity for the pure liquid and may be obtained from equa-

tion (6) as

f = Pfrexpl v (7T-p!)/RT] (8)

Where the solubility in the liquid phase can not be neglected

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

becomes

7= wxgdiexp(® (T-pYRT] ©

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

. ce s ~N0 e =
the pure component fugacity coef:1c1ent\;ﬁ corrects for de-
viation of the saturated vapor from ideal gas behavicr. Se-
cond, the exponential correction callsd '"The Poynting corec-

-

cicn', expresses the effect of pressure on the fugacity of so-

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

is
LR 19)

The Qbican be expressed by equation (3) or (4).
The enhancement factor, €, can be obtained by equating equz-

tions (6) and (10)
7T
°

'
1

4

€=

T id

G| exp[9 vT-g)frT] @D

Combining equations (9) and (10) when the solubility of liquid
phase can not be neglected and making ¥i=z]. the equation for the

enhancement factor becomes:

e-Th - X, (@@ exp[wim-p/rT] a2

nle) Y = fxoe [ndr e WE-RRT-h O an
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II. Expanded Equation for the Enhancement Factor,

To integrate either equation (2) or (3) requires a good
equation of state which has been proven satisfactory in pre-
dicting data for non ideal binary mixtures. The virial equa-
tion of state sastifies this condition and can be expresses

as an equivalent pressures series:
! I .2
PV/RT=1+8'm+ C'7?+ ... (1)

where B'= B/RT  and
c'=(C- B*)/(RTY

The virial equation of state has a sound theoretical back-

ground and demands no assumptions other than that the density

is low enough for convergence. In extending the virial equa-

tion of state to mixtures the following mixing rules apply

.-J

6)

o n
Caxz) ) ) Vi ¥iYe Ci (
: V4

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

state,substituting for 95? and gﬁ; in equation (7) and rear-

3
ranging, the enhancement factor can be expressed as follows h6J:
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]
~—

[—

ln(f) = \7;(71'-9: )//RT‘ Bnp:/RT =@ 'Y22)B111/RT+ [(Cm -5121\—@\2‘1,2(.:7\2

Ay

+(Bp2 -2 By) Y27/RT *[”2/2(5?7')2] [‘3 Y3Cr22 " €Y, Y%Ciiz =3 A Cy

3 - .
+ Y2(2Co2 4 B12255) + Y, Y3(BCr22°4 By Baa* 8 83 )

2 . 3, 4m2 | A 4 2
Y Y2 {12811 212+ 6Cha2) + 420 * 280 - Y2 (3222)

+

Y Y3 (2 BBp) Y22 (6B B22* 2 Br2) - %W (280 Bia)

v (323 >J , a7

Equation (17) is described as ''the Expanded Eguaticn' in
this work. The concentration of the condensable (component 1)

in the vapcr phase, Zor the solid-vapor eguilidbrie

-
[
w

<
(1)
"
4
‘

small. Therefcre, in a binary mixtures wien y, aprroches
zero, V¥, approches one anc equation (17) can be reduced

to> the Iorm: [16]



(=)
'

(RS ]
o
W
o

=2 medl oS
vl 2\ - . rad ( -S4, ey (Pt
(€)= THT-R)/RT+ BugfRT [(Cm-2NET/2

2 - - - = - -
+ (Bp2-2512)7 /RT + [1 /Z(R.) J[‘.‘sz £Cx2" 4B
2 (18)
'3822}

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

work.,



T-2056

III. Terms of Enhancement Factor Equation.

The terms in equation (17) for the enhancement factor
were divided into three groups. The first term V; (n-p:)/RT
defined as the "Poynting Correction' h6] and expresses the
effect of pressure on the fugacity of the condensed phase.
The second group of terms is:

B“[ﬁ /RT + (C111 - B% ) (p:if /2 (R’l‘)2 which is classified-
as the logarithm of the fugacity coefficient for the pure
component and is called "Phipure" in this work. The remaining

terms in equation (1l7) were classified as the negative lo-

garithm .of the fugacity coefficient for component "1" in

the mixture and is called '"Phimixture' in this work.
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A, Virial Coefficient Calculation Methods.

Virial coefficients of gases can be calculated from statisti-
cal mechanics, if the intermolecular potential between the
molecules is known. The Lennard-Jones (6-12) intermolecular
potential function is one model which has been widely used éo
describe the potential energy between nonpolar molecules.

The major assumption is that the molecules are point centers
whose force fields are spherically symmetric. This limits
its application to very simple molecules. Even for simple
molecules the representation is accurate only for restric-

ted temperature ranges [é] .

Kihara hl] has improved the Lennard-Jones potential by re-
placing the point center model with an impenetrable core
whose dimmensions are suggested by the geometry of the mole-
cules. He retains the mathematical form of Lennard-Jones
potential but the potential energy is now written, not a
function of distance between molecular center, but rather as

a function of the minimum distance between the cores.

Prausnitz and Myers [6] described a method for calculating
the second cross virial coefficients using the Kihara poten-

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

A second method that was used in this work to calculate the
virial coefficient was presented by Goodwin, Roder and Straty
[4] which provides a very accurate fit to the second virial
coefficient data for ethane [4]. The other method which was
used from Goodwin, Roder and Straty [4] was for the calcula-

tion the third virial coefficient. Both methods are used for

pure fluids only.

Little attention has been given to the third virial cross coe-
fficient due to experimental difficulties, and the theoretical
calculation using potential energy functions are tedious, for

this reason good data or calculation for the third virial cross

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

presented a correlation of the third virial cross coefficients.

1

Hence there are four methods that have been used in obtaining
the virial coefficients in this work:

a) Kihara core model [lﬂ

b) Prausnitz and Myers [6]

c¢) Chueh and Prausnitz method [7]

d) Goodwin, Roder and Straty method [4]

These methods are discussed in detail in the following subsection,
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a) Kihara core model.

Kihara retained the mathematical form of Lennard-
Jones potential. The potential energy is given by the

following relation [6]
2

R )1 - 2(__@_

2 7

Using the potential energy given by equation and the methods

6

(1%

U= Uo (

of statisticzl mechanics Prausnitz and Myers [6] derived the

second virial coefficient as
2
- 3 Mo Mo S 20
NBO-_%.np°F3+ Mopozlg*‘ Se + yp gﬁ+\/°+.Z°;i (20)

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

from the size and shape of the core. Most of the parameters
Mo, So, and Vo were taken from the predicted values of Pra-
usnitz and Myers [6] ( see table Bl ) with one exception.

For CgHg these parameters were not available in this litera-

ture and wers obtained from the work by Brainard and Williams

k2.
The three functions Fy,F2 and F3 have the argument Z (where

Z = U /%T)and may be obtained from relaticas given by Xihara

{lﬂ :

g 78 1)

For s = 1,23
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in order to obtain the values of F; were used the coefii-

(t < X .
cient DJ (see table B2 ). In this chesis the calculation

of second virial coefiicient for He and Hp were made without

quantum corrections and satisfactory agreement of the data was

obtained.

12
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b) Prausnitz and Mvers Method

The second virial cross coefficients were calculated by
the method reported by Prausnitz and Myers [6}-Basically
this method is the Kihara model used for gas mixture. The

equation is:

Bi; ' NMoi* Mo 12 = . | Dot Sei - Meit Mei | p =
. L+ \/m_ . Mai Soj‘-‘ MQLS_O_L 22)
2 8x .

Where F1, Fp, and F3 are functions that now depend on

( Uoij /kT) but are the same function as in equation (20).
Of course equation (22 ) recduces to equacion (20) when

i=zj . In order to calculate Bij the core parameter for
the pure component, Uij and pPsij are required. The latter
parameters, characterizing the potential function for in-
teration between unlike molecules, may be obtained from the

semiemperical rule:

* pc;) (23)

Loii= V Usi * U (1 =Kii) (2%)

Perameters for the equation (22) are given in Table Bl

for all of the systems considered in this work.

13
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¢) Caueh and Prausnitz Method.

The third virial cross coefficient was calculated using
the method of Chueh and Prausnitz {7] and cthis method is
used for all binary systems considered in this work. The

. .. . s oo /2
third virial coefficients are divided by V¢ and are plotted
against the reduced temperature Tr, using a procedure esta-
blished by Chueh and Prausnitz [7]. The reduced third virial

coefficients are given by generalized fumction:

_\C/.2= A} (25)

c

Wnere:

£

-- 1-1.89 2 —2.48-2.3T +27 2N 26)
{ = (0232T25 .+ 4saTr (- E T ) g P 27T 2) (

.

and Tr = T/Tc
Equation (25) provides a useful correlaticn for reduced
temperature between (0.8 and 1.75 and contains a parameter "g"

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

the molecule. The deviation function was determined by Chueh

and Prausnitz [7] to be;

\
AC | 4 e.(z.:.e—'z.sTr-z.ﬂ'r‘) (

2T
e

N
~I
N~
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The expression reported by Chueh and Prausnitz £7J

to calculate the effective critical temperature is:

: (28)

temrerature. The effective critical volume is given by:

VR 29)

0 . o P
Where V¢ is the classical critical volume.
The third virial coefficient of a mixture of N components
is exactly related to the mole frac ion‘ﬁ‘Yjﬁl,.““.by:i/J

N n n
Cmix=> \ ; Vi Vi Yo G (15)
/
=1 k=1

i=1
i
For a binary system equation (16) becomes: L7

S—)

3 20 ~  amv N e NE
C= Yy Ci* 3V YaCy2® 3% 2Ca22 * 12 Ca22 (30)

where Cy11and Cz22 are the third virial ccefficisnt for

0
t
n
)
ft
n
)
-l
[ 3]

e n 111

the component "1" and "2" and the cross coerffi

~~ -

~ o - . - L.
and «i22 can be celculated Ircm the equazion:

<
rm— - ’(‘\ ~ ~ \\'1/3
—ijx T N~i] ik~ ik (31)
L0US, CThe Cr2ss ccezZziclent can De written =23

15



T-2056

or 2 1/3

Ciz = {Ci1Ci2) (33)
and 3

Ci22= { T2 CyoCou (34)
or 3

Ci22=(Ca2s Cé ) (35)

Whera Cy1 is the same asCyqy and Cap is the same as Caaa

The coefficient Cy2 is calculated from the egquation

Ci= ViR (TR, di) (36)

- hal
and lecij is calculated from r7,
i VT T (1 -Ky;) (7

can be calculated from: '_7}

V3
iz 1721 \/1/3 1’3 ) (38)

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

is used for binary systems.

16
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d) Method of Goodwin, Roder and Straty for pure virial coeffi-

cient of Ethane.

Goodwin, Roder, and Straty have formulated and demostrated
[4] an accurate empirical equation for determining the second

‘virial coefficient of ethane using

Br1= 0.552671 -1.106244 /X -0.592947 /X2 -0.041944 /X 43 (39)

Where X= T/TC
Third virial coefficients of ethane were calculated by the

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

-

Cms= [0.244423/)( + 0.832530/X 3+ o.ssasso/xs} 1= To/T} (40)
-

Cin= l 0_244423/x+ 0,832530/x3+ 0.534880/}(5 l,T- To/T
Wuere 'y = I/ Ic
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B. Determination of Vapor Prassure.

In this work the vapor prassure of ethane was calculz-

frem the equation described by Goodwin, Roder, and Straty
4] :

'n(p°)= -11,38996 + 18.84522 A - 7.63541u+ 5.42844 u? (41)

- 1.36232 w3+ 0,76924 u(l.~u )3

A= (=T /T)/0-T/Te) 42)
p=(T-T)/(Tc-T) (43)

Goodwin, Roder, and Straty [A]have shown that this method
of calculating of vapor pressure of ethane agress well with
experimental work (average deviation 17%).

The vapor pressure oI banzene was not given in the wvapor-
liquid equilibrium dzta reported by Conno’hr@3 . Thers

ars severzl equation for the calculation of vapor pressure

using the two parameter corresponding-states method. To achi-

eve a greater accuracy, several investigators have proposed

-
three parameter forms. The Pitzer ilﬁ expansion is one of the

more successful

-
]
~~

.

N
|

.-y

TN S
{

(44)

e Eeemmimd
-es - b b

()
Y
0O
o]
n

e ., - - M - - - Rl
‘ and | heve besn tadulated over wids ran-
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ges of recuced ftemperature and have been expressec in ana-

-
lytical form by Lee and Kesler;lﬂ as follows.

)
- 6
f = 5‘927--54.-?5-’i - 1.2ssln Tt +0.165347 [r (45)
r
and
) i _ .
=15.2518- 138875 15 42|nTi L 0 435 Ty (46)

Ie

The acentric factor for equation (53) was calculated by

the equation of Lee and Resler BJ} and yields values of

3

"

very close to thcse seliected by Passut and Danne

The equation for the acentric factor is:

-1 .nB
--lnp‘:-s,927+5,09648{3 +1.2886!ﬂ5‘0-159-315 (47)
T 1525-15.6875( 1-13.4721 |3+ 0.4357f°

Where - I
b= To/Te

The vapor pressure of Xr was taken from the values re-
e

ported by Bowman |9’

-e

19
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C. Determination of the Condensed Volume

The data for volume of benzene was also not availabie
in the experimental work reported by Connolly. This volume

can be calculated accurately by the Gunn and Yamada meth-

od[lﬂ.

This equation is:
__\/ = \/ro(": ‘wd’) (48)
Vse

Vis the liquid specific volume,Vsce s a scaling parzme-
ter which is defined in terms of the volume at Tr=0.4.
If the volume at 0.6 is not available, then the values

of Vst can be estimated by

e Rnd

- R
Ve = P"" (0.292 -0.0967w ) (49)
-4

¥ = 0.29607 -0.09045 Ty =0.0484 T2 (50)
. 11 B - o - - o 3
The values Vr 1is function of reduced temperature and can
be calculatad by:

A - "2 -3 . 74
v =0.323593-033853 r + 151941 r =202512:¢ - 1114221 (51)

20
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- . 3 - - ; A ] . ) -
Substituting the values of ¢y, Vr and Vsc into the equaticn
(48) yields the volume of benzene.

The data for the condensed volume of ethane were taken from

F 9
Ziegler et al [ 3. The data for concensed volume ofi

Hh
S
{
<
1]
Lat
(]

taken from Cook[ld .

21
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DATA SOURCES OF FOUR BINARY SYSTEMS

Table 1 reports the data source for the He-C2Hg, He-Kr,

Hy-CgHg, and Ho-CoHg systems.

22



23

T-20

Ve 0°981 PuU® ‘9°r77'8C"
Yo 0°€(8 PUP 0°/8°0°6G6"*
‘0°ZZL'0° 0T €Y 6Y1°0%°691°S

Yo 9
Mo ZL°BEC PUU 6

No 0

PuB 0°CSH‘0°€LY0°0°E6Y 0

tNja] J0J JUIFOFIIV0D VY

‘¥ 0°001 PuU® °Q°
‘O*ott‘o’ozi‘ooc1'oovt‘o”

1e130230d waeyyy
103 3j] JO JUDJITJJL00 (v}

N 0°0LT PUB‘Q°00Z°0°
'¥ c.
‘Oczor1'0°zII’0°ZZ10°0CT

GG0°0=Cly

auUmM|J13 Jo dunjop

GGZ SUIIYJOBT Idayg,
0°ROT
G HBT:AMIADYJOST DUIN

%°0 lNﬂ&

d-ﬁNﬂ s SNIDYJOST BduQ
Z°Y6€ S SMAMMIORT omM],
AN

‘€IS SFMADYJOST AATYH

ITA PAJY] puB puodIAg
Iy JO awnjop
a)Y jo sanssaad aodep
1€°0 = Iy

S0t
0GT :SWIINIOST UIAIG

p'o = Cly

NI YaTm vosjaeduod
JJA pPaAJyYl puw puodag
aueyla jo osumjop

0fZ :suadyjosy] aaayj
c6 pue
‘0°0ST:SMIIYIOST XJ§

pue surtinu’

?n urdsung puw wvZI)|
hmg Isynbaag
A aa3o0y7

[0zl zamt pue swerITIM

_aa Keupy puw oo ‘ezyy

?m ugdung pue vzjyj|
¢l Suix pue urojp

?-uaum—= q pun uosduoyy,

?ﬁa K110un0)H

—w 0330 puR v1o0qIol
o] H10ed

6 | urmmog
‘0o¢) uwound pun vzl

_ch a~d=
pue I3TTIW ‘Aeupyy

dm_ rao::: pue nzyy
[}

¢| 0330 pur wioqiop
asynbaagq pue

C
a=-~=h A ‘aa1d9y7
_~_ 3oayy

_a_ uwoung puw wzj

MTy-T

9199-Ty

an-ay

MTy-ay

£JUdunnNNg

WALSAS ANVNIE 3004 SANNOS VIivad °1

22ANOS PN

M HATAR

WHYISAG -



T-2056 24

METHODS AND EQUATIONS SOURCES OF FOUR BINARY SYSTEMS

The methods and equations used to obtain the different
values of virial coefficients, vapor pressure and con-
densed volume have been described previously but they

are tabulated in Table 2.
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COMPUTER PROGRAM

A computer program ''Phase' was designed to compute the enhan-
cement factor from equation (17) derived by Robinson-Hiza
h }. it is described in the flow chart in Figure 1 and
the program listing with the subroutines is in appendix A.
Basically,'the computer program was applied for the He-
CaHg, He-Kr; HQ‘CGHG; and Hp-CoHg systems. The computer
program differed slightly for each system because different
experimental data were used; therefore it contains four-
parts: the main program and three subroutines.

The virial coefficients are calculated in three subrouti-
nes. The first subroutine is called '"Napo' and calculates
the second virial coefficient for He;Hg,Kr,and CeHg.This
subroutine applied the equation derived by Kihara and used
the function F, ,F,, and F3 of Kihara model[iﬂ . The flow
chart for this subroutine is in Figure 2. The second sub-

" calculates the second cross virial coe-

routine " Pipa
fficients for all the binary systems and used the method
described by Prausnitz and Myersv[6]. Essentially this me-

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

docritical parameters.The flow chart is shown in figure 3.
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FIGURE No. 1

1 ot 4 System 3
Selection

Read the Read the Read the
experimental experimental experimental
data data data
Calculation of Calculation of
BuCm, SRV

Y K]

e SUDTOUL LN E

"NAPO"

v Subroutine
- . "PIPA"

lSubroutine

gy "LIRA"

Calculation of
Systems: Enhancement
He-ChHg Faigor
He-Kr
H2-Cg
"o Print the
H2-Colg Resulcs.

MAIN PROGRAM '"'PHASE"



T-2056

FIGURE No. 2

Input data
pﬂ,M o, So,V.
UK Y

Input data

UsR1,R2,R3

Evaluates
Z=Ue kT
1

Calculates the
values of:
Fy ,Fp,and F3

No

Yes

Calculates the
By values
from equation
(20)

No

Yes
Print the
| B values

SUBROUTINE "NAPO"
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FIGURE No. 3

Input dat
Poifaj, M Mei.

Sei St Vai, Veoi,

Input data
Ui Usj uxy,

Evaluates
Z;. j =Uoi|'&T
]

Evaluates

Fi,R, Fs,

No

Yes

Calculates the
B;j values
from equation
(22)

Print the
Bij values

.- - fimTo !
SUBROUTINE "PIP4'
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The third subroutine " Lira
lates the third virial cross coefficients for all the systems
mentioned before and was described by Chueh and Prausnitz {7}.
In the main program the Goodwin,Roder and Stratyﬁa] equations
were used for He-CaHg and HQ'CQHé systems in order to calcu-
late the second and third virial coefficients and the vapor
pressure of ethane. In the H2-CeHg system equation (57) of
Gunn and Yamada hj]was used for the calcualtion of the volu-
me of condensed component. Equation (56) of Lee and Kesler
was used for calculation of acentric factor of benzene.

The third virial of CgHe and Kr were taken from the me-
thod of Sherwood and Prausnitz [lﬂ using Kihara model and
were input data in the computer program.

The third virial coefficients of He were taken from Hol-
born and Otto as reported by Dymond [5] and these values were
also input data to the computer program in the main part.

The third virial coefficients of H; were also input data and
were determined from Bird,Spotz and Hirschfelder (1§ .
The remaining input dgta in the main program consisted of

1) Total pressure

2) Temperature

3) Mole fraction of the heavy component

4) Critical contants.

illustrated in Figure 4 calcu-

30
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FIGURE No. &4

Input data
Ii 1::1 mjdidjC1Ca
i VE

Calculation of:
Tei Teii Trii, %j %ij |

?

Calculation of:
Gii CiikCiin

P .

SUBRCUTINE "LIRA"

31



T-2056

The first three of these were taken from the experimental
work of each system, and last was taken from Smith and

Van Ness [2 ] .
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RESULTS AND DISCUSSION

The enhancement factors were calculated for the He-CyHg,
He-Kr, Hy-CgHg and Ho-CoHg systems. These values are ta-
bulated in table 3, 4, 5, and 6 respectively.

The predicted values for He-CzHg are given in the table 3.
These values for the enhancement factor are in gocod agreement
with those predicted by the experimental work. Hiza and Dun-
can {l] indicated that the values of the enhancement factor
show an average deviation of 47 from the values predicted

by Heck [2]. The values predicted in this work show a mean
average deviation of 4.65% in the 230.09%, 200.0°9%, 170.0°%
and 150.09 isotherms as shown in Table 3.

The predicted values of the enhancement factor are in good
agreement with those values of ﬁiza and Duncan {l]. The de-
viation in the results of the enhancement factor cculd be

due to use the second virial cross and third virial cress
coefficients which were obtained by thecretical rather than

experimental means. The calculated wvalues of the seccnd vi-

- X - v r,
rial coerfficients by the method of Prausnitz and Myers [ 5

t

are in gocd agresement with the experimentzl data ci other

*

N
~!

works 5, 295, :

R 28}' hcwever such & compariscn cannot pe

o

33



<

(34 ]

\0
Wy

(2]

AqY

niee
0o s
(i h
15t
o

PA T

16°

g9
Lso'g
| 28 S
| I |
9L

T I 4
Vv e
107
Grei
10°0
6% 0

(¢1)NOH
agasvi

ANMIAL

L1
19 B |
o1y
01
£0°7
10° 1%

L1
L O |
cl'y
[ S
no*y
Vol

TAVAN |

LTI |

| A |
FA O !
10 S |
'l B |

U0LOVA  (Z1) "N (LT) “NDH
" ADNVHNA

‘1dX3

[T ¢
6171
[ I |
[ RO ¢
FAI RN ¢
Vo'l

ey
rr e
L

ar*y
£T°¥
ooy
vo*'ty

LT
A |
A O |
£1l
460°71

UOLIVA

LRGN §
m~.~

0c
It
o I |
0ot
GO T

(1 TP §
VA |
neEey
A |
a0t
70°1

1M |
uee

| M ¢
61°1
o1
| BB |

UOLIVI
“ADNVIING “dONVHNA

01°61Y
Or*an
06 4Y
04 HY
0640
O6° VT

06 HCT
0L 0T
00° 0L

LI T'.Y /4

on've

O

00°LT1T
0L vu
0?2°09
0oV
0c*2¢

ov*: Ll

CO-AIL 0
CO-HS0
CO=9%°0
CO-306°0
T1O-35T°0
TO-H40 0

10-:01°0
T10-2bZ°0
TO-31E°0
T10-14V 0
FO-334°0
0012145800

10~V 0
004+301°0
001V I*0
004308 c
004210
00135V

A

0011V 0

101:12°0

TOILA42°0

(wm)
ol

WALSAS Tn0-ol AL U0 SUOLOVA INAWAONVINA °€

ou L

0c* 9%

00°* 4%

(210w /20)

T0A

JIUVIL

00° 041

0000

00°'0Le

()
AN



T-2056

" Y-
" oty -
" AR
n ve® H -
(1]
[1]
" et v -
" FO°f -
" U0
" 5000 -
o $0°0
" (V00
" 96°0
" 0 h
" 616
“ AR
" PN
ﬁgg Vo' v
(2T)'Nda
aasvd

Jd4d  AddUdd

TASR | KA | RAAN!
vv*t A PAN
[ S 30 | VAN | TAVA |
| FPOd § AR LB
120 S | 01y o1t
vo'y vo‘1 Vo't
AN [ 470 | e
LR T 78 Ml | 94 Nl |
ce'l RPN | X |
KA GLy 121 O §
Bo°1 0o 0wo*tr
O ¥ I R | w0t
LT LT | L Foll |
£1'y vet vl
01y 0 oc'i
' TR R FA RN
0° 1 ctl M O |
4V I ¢ L0°T0 01

YOLIVA (1) "NbA  (T1) "NOH
*AONVHNA  MOLOVA  ¥OLOVA
*JdXd "IONVHNA *HONVIING

WaLsis 2ulo-on any ¥od SUOLOVA INAWADNVING

00*6CH
01°001

A V4
o' sy
66 L

AR A |

oV oet

ou'us
0L 14
so° vy
[ /A

05V

0 011

0?04
06° 00
09°0/
569V

0c 97

(wav)
b 74

VO350 0
VO-159°0
Vo= 0
FO-351°0
K008 0
FO-VL 0

£0-30v1°0
F£O-34T1°0
£O-HE0 0
£O-341E°0
£0-210%2°0
CO-30E°0

FO-340°0
CO-311°0
CO-AET°0
CO-357°0
cO-A1¢00
CO-348°0

VOV 00l

104810

o A 7 00081

10~-21%6°0 605 00° 0451
(wave) (@1owd/o0) Oh)
ol "TOA RITAAR

"€ OAIUVY



36

T-2056

" 6O'ET - £5°7 £ | M| 0LV SO-311'0
" S6'vi- 961 128 S | 19 S | 09 GO-3408°0
" o vi- (e VAR | i1 GeEd G0-40E°0
] TR S 9% B | [ I | [ I | 8 A CO-H08 0
" VAR N B Vet VAR | FAI R | SECOT1 CO-300 0
" 0L~ ci*l .01 FO° o1r'v LO-056°0 VO8O0 L2V /s 00" %6
" 6V 90— S0°¢ A | WA | 00Nt GO0 0
" 06 - AR | ov'i ovi ouay L0680
" r'vi-- 9v*g VA | L | b A N S0--I080 0
" o6 11— 1§20 | L] B | 1) G | 00°* Y LO-1T0°0
" VA A I 611 0ot 00°¥ 00°E1 VO-:151°0
" L9 1 R W Y01 I R | cO*T 06°f. VOV O $£O-1/1°0 Vv 9r 0000
" 6151~ TAT R ¢ VAR | O1°uct VO-251°0
" 10°1% - LA VA | 0?66 VO-1£1°0
" £1°'0 - | SV § [V | nE LY VO-147°0
" £0°0- ' B | cl*t W AR AT Vo8V * 0
" £Oo*'y - 01 Z0°1 ovevi vO-300°0
ﬁﬁu 16l £0° 1% £0°1 oy £O-HUT1°0 cO-01°0 IR Q0 1
@1)yNva NOLOVA (GT) "NbA (T7) “nbA
aasvd  *JAONVIING HOLIVI HOLOVA . (uaw) (var) (o romidf09) Oh)
a3y °Adauad *1dXd  “HONVINI °HONVINA % " LY ‘10 AL

[4

HALSAS e: O-OI INL NOA SUOLIVI JNAWAINVIING - € v



T-2056

done for the third virial coefficients due to the lack of
availability of experimental data in the very low.tempera-

ture regions.

The predicted values for the He-Kr system are tabulated in
Table 4. These values are in good agreement (average devi-
ation = 2.07%) with the experimental values reported by Kidnay,
Miller and Hiza [8]. In this system the values of the enhan-
cement factor were calculated using equation (13) which yielded
little difference with the wvalues calculated by Equation 1)
as shown in Table 4. The deviation increases as the pressure

increases.

The values of the enhancement factor for Hz-CgHg system are
reported in Table 5. The values calculated from Equation (11)
are in good agreement (average deviation = 3.9%) with the ex-
perimental work but the values calculated from Equation (13)
are in better agreement (average deviation = 3.77%) with those

reported experimentally.

The values predicted for Hp-CoHg are tabulated in Table 6. In
general the data at 186.0 K, 227.6 K and 255.38 K were read
from the graph [Zq due to the inavailability of tabulated
data; this led to a greater deviation from that predicted

(average deviation = 3.67%). The predicted data for the other
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isotherms are in good agreement (average deviation = 4.77%)
with those published by Hiza, Heck and Kidnay (}%]. Experi-
mental.values of enhancement factor of the H,-C,Hg are plotted
against pressure and are compared with the calculated values
of this work in Figure 5 for three low temperatures isotherms.
In the same way experimental values of the enhancement factor
are plotted against reciprocal temperature and compared with
the predicted values of this work at pressures 140.0,80.0,and

30.0 atmospheres in Figure 6.

The temperature dependence of the enhancement factor for the
He-CyHg system predicted by the expanded equation (17) and
the reduéed Equation (18) are compared in the Figures 7,8,

and 9 at 30.0,60.0,and 100.0 atmospheres respectively. For
the He-CoHg system the expanded Equation (17) clearly shows

a minimum enhancement factor near the normal boiling point of
ethane (184.529K), while the reduced Equation (18) predicts no

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

The values of the enhancement factor plotted against recipro-
cal temperature for He-Kr system, using the Equation (17) and
tlB), are plotted in the Figures 10 and 11 at 60.0 and 100.0

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

enhancement factor near the normal boiling point of Kr
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FIGURE No. 5
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FIGURE No. 6
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FIGURE No., 7
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FIGURE No. 8
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FIGURE No. 9
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FIGURE No. 10
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FIGURE No. 11
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(116.4 °K) while the reduced Equation (18) again predicts no

minimum.

The enhancement factors calculated from Equations (17) and
(18) for the system Hy-CgHg are shown in Figures 12 and 13

at 60.0 and '100.0 atmospheres. A minimum near the normal
boiling point of CgHg is shown in both figures. Few experi-
mental data are available for temperatures below 80.0°C for
the system Hp-CgHg. The data reported by Ipatieff {éﬂ ,Teodoro-
vitch, Brestkine and Artemovitch were obtained at very high
pressures, between 200.0 and 3000.0 atmospheres; the large de-
viation appearing in the predicted values from their data li-

mit the application to the present study.

A minimum value of enhancement factor of Hy-CyHg is not appar-
ent when the enhancement factor calculated from Equation (17)
is plotted against reciprocal temperature (see Figure 14).
Nine isotherms of Hiza, Heck and Kidnay h9] and three iso-
therms of Williams and Katz [2@ were used to investigate the

existence of a minimum enhancement factor.

The first step in the determination of the terms that cause a
minimum in the enhancement factor predicted by the 'expanded
equation' was to study the variation of the "Poynting correc-

tion'", "Phipure'" and "Phimixture' with the reciprocal temper-

56
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FIGURE No, 12
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FIGURE No. 13
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FIGURE No. 14
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ature. For the He-CyHg system shown in Figures 15, 16, and
17. The "Poynting correction' and "Phipure' ascend gently
and the "Phimixture'" term minimizes near the normal boiling

of ethane (184.6°K).

The analysis suggests that one or more terms in the "Phimix-
ture'" are responsible for minimum enhancement factor. The
same analyses mentioned for the He-CpHg were done for the
He-Kr system as shown in Figures 18 and 19. These figures

show a similar behavior to the He-CaHg system.

For the Hy-CoHg the '"Poynting correction, "Phipure" and "Phi-
mixture' were plotted versus the reciprocal temperature and
are shown in Figure 20. The '"Poynting correction' and "Phi-
pure' have the same behavior as that shown in Figure 17 for
the He-CoHg system. Figure 20 shows that "Phimixture" is
curved upward in contrast to the behavior of the He-CoHg sys-
tem. This also suggests that the terms that are responsible

for the minimum enhancement factor are in "Phimixture'.

Equation (17) was analyzed in order to find the terms res-
ponsible for the minimum enhancement factor. The molar frac-
tion of the light component (Y%) was expressed as a function

of the molar fraction of the heavy component CY,) applying
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FIGURE No, 15
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FIGURE No. 16
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FIGURE No, 17
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FIGURE No. 18
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FIGURE No. 19
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FIGURE No. 20

"4
4
|
£ 98
’-r
*
“Poynting Correction”
2 / cm e = e - -
_-*_.---f-f---'-_*- ----- B !
o «’ e B — . ——— e ¢ —— G . .o |
L— |
. (
~
/ *Phipure”
..08 /
- Ha -C2 He syatee
80 Atmesprare
.4 .8 .8 7 ] -9 1. 1.1

. 1°°/Tomp..('K)

Comparison of "Phimixture', "Phipure', and '"Poynting Correction
for Hp-C2Hg System



T-2056

the equation Yz=1-Yj.
The first set of terms deleted from equation (17) were the
terms carrying the third virial coefficients. The enhance-
ment factor versus reciprocal temperature are plotted in the
figure 21 at a pressure of 100.0 and 60.0 atmosphere for the
He-CaHg system. The minimum enhancement factor still appears.
In continuing this truncation procedure for the terms carrying
\ﬁ4and"ﬁ3 in the "expanded equation' (17) were deleted; the
enhancement factor still shows a minimum with respect to the
reciprocal témperature as in Figure 22 at 100.0 atmosphere.
Figure 23 shows that the minimum enhancement factor versus
reciprocal temperature remains even after dropping the terms
with Y?.. The minimum disappears when the terms with.Y|are
removed from the "Expanded equation'" (17). In order to in-
vestigate which term with \Q is responsible for the minimum,
all the terms with Yy were deleted one at a time. Figure 24
shows the results obtained after dropping all the terms with
Y1 except the term 2Y1 811717RT. Therefore the term respon-
sible of the minimm is (1-Y3)Bu/RT or Y- Y2 )BnIRT
when Y2 is expressed as a function of Yy . In order to test
this conclusion the term QY Y12)B117'C/RT was deleted for

the He-Csz, He-Kr and H2-CgHs systems (see figure 25,26
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FIGURE No. 22
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FIGURE No.
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FIGURE No. 24
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FIGURE No. 25
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FIGURE No.26
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and 27 respectively). The minimum of the enhancement factor
for those sysgems dissapeared in all cases.

Other important analyses for the He-C2Hg and Hp-C2Hg was
carried out. The values of "Phimixture" in the He-CgHg from
the "expanded equation (17) without the term (1 - Y22 )Bﬂn'/RT
were plotted against reciprocal temperature (see Figures 28 .
and 29 ) at pressure of 60.0 and 100.0 atmospheres. Clearly
these plots show that the difference between "Phimixture' in
the "Reduced" equation and that without the term (1 -‘ﬁ?)
B117I/RT in the "expanded" equation doesn't show a signifi-
cant difference.

Figure 30 shows the effect of the values of "Phimixture' of
the''expanded equatibn" (17) and that without (1 - Yf )E5ﬁ7TﬁQT
terms for the H2-Cz2Hg ;ystem do not show a significant
difference.

The enhancement factor for the H2-CoHg with the (1 - Y22 )B11
7T/R_T and without this term were plotted against reci-
procal temperature, these two plots do not show a significant
difference. (figure 31). This doesn't hold for He-C2Hg
system which is evident in the Figure 25. ~In general this
analysis shows that term (1 - Y22 )B117T/RT has a remarkable

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

()Qz) were plotted against reciprocal temperature (see Fig-

ure 32 ) in looking for aﬁ‘answer for the existence of the
minimum enhancement factor for the systems He-CpHg and Hp -CaHg
due to the solubility effects. This figure shows the high
solubility of Hg over He and doesn't show a minimum or maximum.
Some systems such as CH4-n-CyH4g shown in Figure 33, show a
minimum in enhancement factor closely follow a minimization

in solubility. Figure 32 indicates that the solubility of

the light component alone does not cause the enhancement factor
minimization.

In search of relationship between Ehe solubility of gases and
minimun enhancement factor, a plot of the molar fraction of

the heavy component versus reciprocal reduced temperature was
made. This reduced temperature was calculated by T?='T/Ttﬁ

The critical temperature for the light component wers calcula-
ted by the method of Chueh and Prausnitz [7] using equation
(28).

Those plots are shown in figure 34. A marked difference is ob-
served between the slopes cfuthe systems Hp-CyHg and He-CpHs.

In the same figure all systems that have slopes as steep as or
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FIGURE No. 32
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FIGURE No. 33

mn

Xeny)

CHen C7H1Q Systen
1S00 psia

Enhancement Factor and Mole Fraction of light Component
Versus Reciprocal Temperature in the CH4-nC7H4g System

-33 1000/ temp ,nk’, 38

82



T-2056

FIGURE No. 34
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steeper than that of the system Hz-CgHg have a pronounced
minimgm enhancement factor. In the Hz-CpHg system, which
has a much less steep slope, the miﬁimum enhancement factor
is lacking. 1In order to clarify the plots of the enhancement
factor against the reciprocal temperature, plots of reciprocal
vapor pressure, and 117U versus réciprocal temperature were
superimposed. These plots are shown in Figure 35, 36, 37,
and 38, for the He-CyHg, He-Kr, Hy-CsHg and Hy-CoHg systems,
respectively. These plots show that the curves of the in-
verse of vapor pressure are intersected by the curves of
near the normal boiling points for the first three systems.
Figure 38 for the H2-C2Hge system presents only a moderate
intersection; available data do not support an extension of
the Y/T line. While\ﬁ7T/Ff should exhibit a minimum for
He-C2Hg, He-Kr, and H5-CoHe, a minimum is not clearly sug-
gested for Hy-CyHg.

The higher solubility of Hys than He in CaHg shown in Figure
32 means that the mole fraction of CaHg (X4) is smaller in
the Hgo-C2Hg system than in the He-CaHg system. This result
of this solubility difference was tested by means of equa-
tion (13), where the mole fraction of the heavy component

should be considered.
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FIGURE No. 35
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FIGURE No., 36
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FIGURE No. 37
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FIGURE No. 38
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The values of enhancement factor obtained from equation (13)
were plotted against the reciprocal temperature in Figures

39 and 40. These plots show that the minimum enhancement fac-
tor still exists for the system He-CaHg and that for the system
Hy-CoHg the curve decreases monotonically as before.

Similar -plots are shown for H,-CgHg and He-Kr system using
Equation (13) in the Figure 41 and 42 respectively. The mini-
mum for these systems still appeéars.

If the Yy T curve for Hy-CoHg in Figure 37 were extrapolated
without considering solubility a minimum could be predicted

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

In the systems fdr which liquid solubility is not a factor,
the term 2Y;Bw%¥RT causes the minimum enhancement factor
at reciprocal temperature. This minimum was evaluated for
the systems He-C2Hg, He-Kr, and Hp-CgHsg.

In the system H,-CyHg, which does not have minimum enhance-
ment factor, liquid solubility affects the enhancement facter,
and the mole fraction of the heavy component in the liquid

shouvld be considered.
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RECOMMENDATION

Figure 34 shows that there is a close relationship between
the slope of the graphs of the mole fraction versus the re-
ciprocal reduced temperature of the systems studied. The
system that exhibits a minimum enhancement factor showed
closely related gradients but the system that does not show
a2 minimum enhancement factor shows an entirely different
slope. Hence it is recommended that the future investiga-
tions should be directed towards the exact determination of

slope which a minimum appears.
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NOMENCLATURE

core radius

reduced core size

second virial coefficient

coefficients for series representation of F

third virial coefficient

constant given by classical critical temperature
equation (28) and equals 21.8°%

constant given by classical critical volume
equation (29) and equals -9.91%

empirical parameter characterizing polarizability

e

standard-state fugacity of component ''i

fugacity of the component ''i'" in vapor phase

f.n

fugacity of the component "i'" in liquid phase
fugacity of the component "i" in solid phase
function of the Kihara core model

Boltzman's constant

molecular mass
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Mo,So,Vo, = parameter of Kihara model
Na = Avogadro's number

n; = moles number (component "i'')

nj = moles number (component '"j'")

p® = vapor pressure of component "i"
R = gas constant

; = distance between molecules "i'" and "j"
T = temperature of system

Tp = triple point temperature

T; = critical temperature

Tr = reduced ﬁemperature

0 - PP
Tc = classical critical temperature

L)
*
n

kT/e

T, = temperature of reference of Goodwin correlation =217.8 K

U = potential energy
Uy = maxirum (negative) potential energy
Vi = volume of component '"i"

Ve = critical volume

Ve = classical critical volume

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

Yi = molar fraction of component "i'" in vapor phase

Al

Z = Ug/kT
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Greek Letters

?ﬁ‘=

T =

b-

€
p
l% =

p

o

activity ccefficient

total pressure

fugacity coefficient of component "i" in solid or

liquid phase

fugacity coefficient cf component "i'" in the vapor

phase mixture
enhancementc factor
density

the shortest distance bewteen molecular core at
minimwm potential energ

the shortest distznce between molecular core

separaticn of molecular center of zaro potantial ene

acentric fzctor

Superserints

(@] =

-~

b =

v =

pure vapor prassuras
liquid phase
solid phase

vapor phase

4]
09
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Subsecripts

i = component 1

j = component 2

a = for Avogadro's number

c = to indicate critical condition

r = to indicate a reduced condition

s = summation index integer, z2lso dummy variazble for

Kihara coefficients
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VARIABLES DEFINITION IN THE COMPUTER PROGRAM

ANAV Avogadro's numbers

AKB Boltzman's constant

AMML Molecular weight component 1
AMM2 Molecular weight component 2

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

B1ll Second virial component 1

B22 Second virial coefficisnts component 1

B12 Second virial cross coefficients

CEN(I,L) Enhancement factor experimental

Clil Third virial coefiicients

C222 Third virial coefficients compcnent 2

Cl22 Third virizal cross coefficients

Cli2 Third virial cross coefficients

DDE1l Density of ethazane

DIS1 Shortest distaznce between molecular cores
at energy minimun (component 1)

DTS2 Shortest distance between molecular cores
at energy mini=un (ccomponent 2)

DIS Shortest distance average between components
1 and 2 -

DEDO12 Empirical parzmeter characterizing polariza-
bility size and shape of a molecule

D1,D2,D3,D4 Pzrameters of Goodwin

ENE (I,L) Enhancement factor czlculated freom equation (17)

ENX - Enhancement Zfactor calculated from equation (13)
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Fl Kihara coefficient

F2 Kihara coefficient

F3 Kihara coefficient

H1,HZ,H3 Parameter of Goodwin

M Iteration to calculate the coefficients
of Kihara

NT Number of isotherms into the system

PRM1L Parameter of Kihara core compcnent 1

PR Parameter of Kihara core component 2

PREVM Vapor Pressure

PRECTM Pressure critical of ethane

PRETPM Pressure of triple point of ethane

PT Total pressure

PO Value of conversion of bar to atmosphere

SUR1 Surface pzrameter of Kiharz component 1

SUR2 Surface parameter of Rihara component 2

TECE12 Critical temperzture oI mixture

TRR Recduced temperature oi mixture

TEC2 Effective critical temperature compcnent 2

TECEO02 Critical temperzture of ccmpcnent 2

TERE Reduced temperaturs

TEMPM Temperature of the systems

TETPM Tecperzture cf triple point

TECEL Temperature critical
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TETCE

UNER1

UNER2

UNER12

VOLUl

VOLU2

VLC2

VLC12

VOLM

XCl

XC2

XLl

Temperature of Reference given by Goodwin

Maximum potential energy divided by
Boltzman's constant cocmpcnent 1

Maximum potential energy divided by

Boltzman's constant

component 2

Pctential energy of mixture

Prausnitz parameter

Volume parzmeter of

Volume parazeter of

Kihara component 1

Xihara component 2

Classical critical volume compcnent 2

Effective critical volume of amixture

Volume of liquid

Constant
critical

Constant
critical

given to calculate the effective

temper

given to calculate the effactive

voluzme

Cemposition of:

ature

liquid phase ccmponent 1

Compositicn cf vapor phase component

Composition oI

vzpor phase component

Potentizl energy divided by texmp

1

o
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2 AN R

aNeleNalaNaNaNaNeNa el

aoN

110

22222552232 ¥2x% MAIN PROGRAM 533 xxs2$3xTsdssesssssd

PHASE.FOR

PROGRAM PHASEL

PROGRAM TO

CALCULATE THE ENHANCEMENT FACTOR USING THE

EXACT EQUATION OF GOODWIN,RODER AND STARTY.

SELECT THE

NSYS=1 FOR
NSYS=2 FOR
NSYS=3 FOR
NSYS=4 FOR

BINARY SYSTEM TO BE USED

HE-C2H6
HE-KR

H2-C6H6
H2-C2H6

DIMENSTON TERE(9),VOLM(I),ENH(956)9PT(996)9CENC96),

1 PREVM(9)sDTIFF(995)9ENX(I46)9XL1(996)¢DXFF(9,6)
DOUBLE PRECISION TET1,TET2yTET3,PET1sPET2,PET34SET1,
1 SET24SET3

COMMON /BLOZ P1(9e6)9P2(996)9P3(996)9eP4(9,6)

COMMON /MAIN/7 TEMPM(9),NTyNVyB(3),B11(9),822(9)5,R12(9),

O ~NOWV S WN

C111(9),C112(9),C122(9)+C222(9)yYVE(I486)9YV1(9,6),
YV2(996)s TECE15PRECTMSPEMTPHR(I9) UKV

ANAV 4DIS1,4DIS2,PKM1,PKM2ySURL1ySUR2,VYOLUL1,VOLU2,
UNER1yUNER2 4DIS,PXKM;SUReVOLUSUNERSTECEQ2AMN],
AMM2 9 XC19XC24VLC1)VLC29EX2Y1(9,6)9Y2(9,56),
Y3(948)3Y40996)9X1(996)9X2(996)4X3(9486),
Xe(998)¢EF1(958)9EF2(996)+EF3(9,6),EF4(946),
NSYS,DEDO12

ATA EXO9sPOs TETPM,TECEL1 s TETOESPRECTMyODE1PRETPN/
1.3’ 09869’9003680305053121708)‘?8.71,.00674’

1
2 1.1308€~-

057

DATA A1 ,A24A39849A59A645014D24D3,D49sH19H2,yH3/

1 «11e3899691Be845224-7.5354195.428444-1.36232,

2 076926 9¢5526719~1e10624493=a592944=.0%4194690244423,
3 «83253,4.53488/

TYPE 1

FORMATC INPUT DATASSYSTEM TYPE="$S)
ACCEPT 24¢NSYS

FORMAT(I)

R=82.05
NT=9
NV=6

IF(NSYS.EQ.

1760 70 11

IF(NSYS.EQ.2)60 TO 22

IF(NSYS.EQ.

3)60 TO 33

IF(NSYS.EQe4)GD TO 11



T-2056 111

11 CONTINUE
IF(NSYS.EQ.4)GD TO 44

C READ THE DATA FOR THE HE=-L2H6 SYSTEM
READ(11,41)0IS1,DIS2,PKM1,PKM2,SURL4SUR?2
READ(11,41)V0OLU1sVOLU2,UNERISJUNER24AMM1,AMM2
READ(114942)VLC1sVLC29TECED2yUKY 9DEDO12+EX
READC11443)CTEMPM(I)I=1,4AT)
READC11,43)CVOLNMCI)I=14NT)
READC(11,43)CC222CI)sI=1,4,NT)
DIS=DIS2
PKM=PKM2
SUR=SUR2
voLU=vOoLU2
UNER=UNER2

C CALCULATE THE SECOND VIRIAL COEFFICIENT OF HELIUM

CALL NAPQO

DD 29 TI=1,NT

822CID=8B(CI)

29 CONTINUE

o

CeoeeoeeNOW START THE CALCULATION APLAIED THE EQN.#2,#4CA) AND

Ceceoeekd(B) OF GOODWIN CORRELATION

c

DO 30 I=1,NT

TERECI)=TEMPM(I)/TECE1 '
W1=C1e-TETPM/TEMPMCI))/C1.-TETPM/TECELD
X0=CTEMPMCI)=TETPMI/CTECEL=-TETPM)
y1=x0
U2=ylsUl
U3=U2=Ul
XB=A1+A2+W1+A3%U1+A42U2+A5¢U3+A6%ULI%((1~ULl)*2EXD)
XBA=EXP(XB)
PREVM(ID=XBA%PQ

CeeesoesCALCULATE THE CDEFF. 811 FOR ETHANE FROM EQN. 4CAa)
WA1=TERE(CI)
WAZ2=WALl%352
WA4=WAL*%4,5
BY1=D1+D2/WA1+D3/WA2+D4/WA%
B11C(I)=8V1/DDE1

CeeeoeelALCULATE THE COEFFe. C111 FOR ETHANE FROM EQN. 4(B)

c .
Z1=WA1l
23=71#%%3
I5=11%35
CE1=CH1/21+H42/723+H3/725)%(1.~-TETOE/TEMPMCID)
C111CI)=CE1/DDE1

39 CONTINUE

CeeseeeNOW CALCULATE THE COEFF.B812 WITH SUBROUTINE
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c......
CALL PIPA

c....ﬁ.

CeceaeoeNOW CALCULATE THE COEFF. Cl2
CALL LIRA

G0 10 77
4% CONTINUE
c READ THE DATA FOR H2-C2H6 SYSTEM

READ(14,41)DIS1,DIS2,PKM14PKM24SURTI,SUR?2
READC14941)VOLUL1yVOLU2sUNERLIJUNER2JAMM]AMN2
READ(14942)VLC1,4VLC24TECEQ2yUKY,DEDO12,EX
READ(C14,43)CTEMPMCTI) I=1,NT)
READC14443J0CVOLMCI)sI=1,NT)
READ(14,43)(CC222(I)s1I= IQNT)

DIS=DIS2

PKN=PK N2

SUR=SU2

vYoLU=VYOLU2

UNER=UNER2

CALL NAPD
D0 31 I=1,NT
B22CId=8(I)
31 CONTINUE '
CeeeeeeNOW START THE CALCULATION APLAIED THE EQN.F2,4CA) AND
Cecesese#4(B) OF GOODWIN CDORRELATION
C
DO 32 I=1,4NT
TERECID=TEMPHACI)/TECE1
W1=(le-TETPM/TEMPM(I))/(1l-TETPM/TECE1)
XO0=(TEMPM(CID-TETPM)/(TECEL-TETPN)
Ul=x0
U2=Ulsul
U3=u2+%Ul
XB= A1+A2tH1*A3*U‘*A4*U2*A5#U3+&5*U1*((1--Ul)**EXD)
XBA=EXP(XB)
PREVM(I)=X3A%P]
CeeavweeseCALCULATE THE COEFF. 811 F0OR ETHANE FROM EQN. 4(CA)
' ¥A1=TERE(CI)
RWA2=WA1%22
WAG=WALl%%4,.5
Bv1=D1+D2/WwA1+03/WA2+D4/WA4
811C¢I)=BV1/D0DE1
CeeoeeesCALCULATE THE COEFFe C111 FCR EHANE FR0OM EQNe 4(3)
C
- L1=WAl
I13=71%=%3
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I5=11%%5
CE1=C(H1/21+H2/13+H3/25)+(1.~TETOE/TEMPM(II)
C111(I)>=CE1/DDE1
32 CONTINUE
CeeeeeeNOW CALCULATE THE COEFF.B12 WITH SUBROUTINE
CALL PIPA

NOW CALCULATE THE THIRD VIRIAL CROSS COEFFICIENT C1l12
AND C122

CALL LIRA

(g a0

GO TO 77
2 CONTINUE

READ THE DATA FOR HE-KR SYSTEM

oOoOoOoONO

REANC12+41)0TIS14DIS2,PKM15PKM2,SURLsSUR
READC12541)VOLULsVOLU2yUNERLJUNER2 4 AMM L, ANN2
READC12541)VLC1,VLC2,TECEQ2,UKV4DEDD12,4EX
READC12454)TETPMsTECEL 4PRECTM9DDE1,PRETPN
READC12443)CTEMPMCI),I=15NT)
READC12943)CVOLMCI)sT=1,NT)
READC12543)CPREVMCI), I=1,NT)
READC12943)CC111CI),I=14NT)
READ(12543)CC222CTI) s I=14NT)
DIS=DIS2
PKM=PKM2
SUR=SUR2
VOLU=V0LU2
UNER=UNER2
CALCULATE THE SECOND VIRIAL COEFFICIENT OF HELIUM
CALL. NAPO
00 34 I=1,NT

822CI)=8C1)

'a)

34 CONTINUE
c
c
DIS=DIS1
PXM=PKM1
SUR=SUR1
voLu=v0oLU1l
UNER=UNER1
c CALCULATE THE SECOND VIRIAL COEFFIECIENTS OF KR
c

CALL NAPO
DO 35 I=14NT
" B11CI)=B(I)
35 CONTINUE
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(s XeNel

OO0 W

[ Ne)

(g Ea N g NV

NOWw CALCULATE THE COEFF. B12
CALL PIPA
NOWw CALCULATE THE COEFF. C122 AND C1l12

CALL LIRA
GO0 10 77

'CONTINUE

READ THE DAT FOR H2-C6H6 SYSTEM

READ(C13441)D0IS140I52,PKM1,PKM2,SUR1,SUR2
READC13+41)VCLU1sVOLU29UNER19UNERZ29AMV],AMN2
READ(134541)VLCl,VLC2,TECEO2,UKVDEDDO12,EX
READ(13,43)TECE1,TEBOL1,PRECTH
READC13+43)CTEMPM(CI)eI=14NT)
READ(C13,43)(CC111CI)yI=1,NT)
READ(13,43)(C222CI)yI=14NT)

DIS=DIS1

PXM=PKM1

SUR=SUR1

VOLU=VOLU1

UNER=UNER1

NOW CALCULATE THE SECOND VIRIAL COEFFICIENTS FOR

SENZENE.

CALL NAPO

DO 36 I=1,4NT
8311CI)=8BCI)

CONTINUE

DIS=DIS2

PKM=PKM2

SUR=SUR2

VOLU=VOLU2

UNER=UNER2

NOW CALCULATE THE SECOND VIRIAL COEFFICIENTS FOR

HYDROGEN.

CALL NAPO

00 37 I=1,NT
322(CI)=8B(I)

CONTINUE

CALCULATE THE ACENTRIC FACTOR

TT1=TES01/TECE1
TT2=-ALOG(PRECTMI=5.927144(6.096480/TT1)+1.28862*(ALCS(TTII)
TT73=0.169347%(TT1%%6)

TT4=T72-TT3

114 -



1-2056

OO0

TT75=1542518-15.6875/TT1-13.4721%CALOGCTTLII+0.435772TT1%x%6
ACFW=TT4/TT5

"CALCULATE THE VAPOR PRESSURE FOR THE 3ENZENE

DO 38 K=1,NT

o000 W

(e XaNel

(aEaNe]

77

40

TERE(CK)=TEMPM(X)/TECEL
N1=ALOG(TERE(X)D)
W2=TERE(K)*36
TIP0=5.92714~-6.09648/TERE(K)~1.28862%W1+0.169347%W2
TIP1=15.2518-15.6875/TERE(K)~13.4T721%W1+0.43577%W2
TIP2=TIPO+TIP12ACFW
PREVM(K)=EXP(TIP2)*PRECTN

CALCULATE THE VOLUNME

TI=TEREC(X)

T2=T132%2,

T3=T1%%3,

T4=Tlst4e

TA0=0429607-0.09045%T71~-0.04842%72
VSC=R*TECE1%(042920-0.0967%ACFW)/PRECTN
VR0=0433593-0633593%T1+1.51941%72-2,02512%T3+1.1422%T4%
VOLM(K)=VRO*(1.-ACFWsTAQ)*VSC

CONTINUE

NOW CALCULATE THE COEFF. B12
CaLL PIPA
NOW CALCULATE THE COEFF.C112 AND C122

CALL LIRA

GO T0 77

CONTINUE

DO 60 I=14NT
IF(NSYS.EQ.3)NV=4

DO 70 L=14NV
IF(NSYS.EQ.1)GD TO 40
IFCNSYS.EQe2)GD TD 141
IF(NSYS.SQ.30G0 TO 142
IF(NSYS.EQ.4)GD TO 143
PTCI,L)=P1(I,sL)
XL1C¢T,4L)=X1CI,L)
CENCILLI)=EF1(I,L)

GO TO 64
PTCISL)=P2CI,yLD

115
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142

143

6%

¢
70
63

113

114

1

1

2

1

XL1CILL)=X2CI,L)

CENCISLI=EF2(IyL)

GO TO 64

PT(ILLI)=P3CI,yL)

XL1C(IoLI)=X3(I,yL)
CENCIoLI)=YV1I(IoLI)&PTCI4LI/PREVM(I)

GO TO 64

PTCI4LI=P4(I,L)

XL1C(I, LI)=X4(1I,L)

CEN(I, LI)=EF4(IsL)

CONTINUE

RA1=YV1(I,LL)

El= VOLMCID®(PTCILL)-PREVM(IDI/(R*TEMPM(I))
E2=B11CI)$PREVM(IDI/(«TEMPM(I))
E3=(2.*RA1-YV1IC(IsL)*22)%B11CI)&PTC(IHL)/(R-TEMPN(I)I)

E4=(C111CI)=-BI11CI)¢22)*PREVMCID*22/CCCR*+TEMPMCI))I*%2)%2.)

EE2=E2+E4
E5=(822(I)-B12CI)#2.)%YV2(TIsL)*$24PT(I4LI/(RETEMPH(ID)
E6=PT(IsL)*+2/CCC(R+«TEMPM(II)%%2)%2,)
EA1=3.#YV2(I,L)*+%22(122(I)
EA2=6.%YY1(IoLI2YV2(I,LD+C112CI)
EA3=3.&YV1IC(IoL)%%2%L111(DD
EAG=YV2(TsL)**¥33(2.%0222CI)+4.*B12(I1)%822(I))
EAS=YVICIoL)*YV2(IsL)*22%(6.2C122CID+6.%811(1)¢B22(ID+
8.0%312CT)**2)

EAG=YV1I(IsL)*325YV2(IsL)¢(12.4B11C(I)*B12(I)+6.%C112(I))

EAT=YVI(IsL)**3%x(4.+B11(I)*%x242.%C111CI))
EA8=YV2(IsL)*%4%(3.%822(1)*%2)
EAS=YVICIosL)*YV2(TyL)%23%2(12.%812C1)2722(1))

116

EA10=YVI(IoL)**2¢YV2(IoL)%%22(6.%811CI)*B22CI)+12,¢812CI)*%x2)

CAL11=YVIC(TI, L) *%35xYV2(I,L)2(12.%8312CT)2311CI))
EA12=YVIC(TIoL)2242(3.%B11(I)%%2)
AF==EA1-EA2-EA3+EA4+EAS+EAG+EAT-EAB-EA9~-EA10~-FAL11-EAL12
AF1=AF%E6

EE3=-E3+E5+AF1

AF2=FE1+E2-E3+E4+ES5+AF1

ENH(ILL)=EXP(AF2)

AFB=AF2+ALOGCXL1I(ILL))

ENXCILL)=EXP(AFB)
DXFFCIoL)=CASSCENH(IoLI-CENCIZL))/CENCI,LL))*100.0
DIFFCTISL)=CABSCENXCIL)-CENCIoL))/CENCI, L))%100.,0

CONTINUE

CONTINUE

WRITEC10,113)

FORMAT(3 Xy “TEMP 456Xy “VOL 96Xy “VAPRES" 45Xy “MOLFYV1°,3X,
“SYSPRES“94Xy “ENH+X"9y5X 9 "ENH=X"93X,y “EXPENH 42X,
“PERDEVY“93X9 "REF/6X595(°=°)/7)

FORMAT(4X92F942,32E12+29y5F9.2/5(34XyE12.245F9.27)77)

WRITE(C1,115)CTEMPM(I),SB11(I),822C1),B812CI),C111C DD,
€222(1>,0122CT1)5C112(1)»I=1+9)
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115 FORMAT(F10+292X97E11427)
D0 45 I=1,NT
IF(NSYS.EQ.3)NY=4
WRITECLO4114)CTEMPMCID o VOLMCI) 9 PREVMCID CYVICI L), PTC(IeL),
1 ENHCTISLD)sENXCISL)SsCENCISL)SDIFF(ISL)sL=19NV))
45 CONTINUE
41 FORMAT(6F)
42 FORMAT(5F,E)
.43 FORMAT(3F)
54 FORMAT(S5F)
END



T-2056 118

s Neslalalyl

BLOCK DATA

COMMON /BLO/Z P1({996)9P2(956)9P3(9+6)9P4(9,46)

COMMON /MAIN/ TEMPM(9)sNTyNVeB(9),811(9),822(9),812(2),
C111C9)5,0112C¢9),C0122(9)+C222C(9),YVE(T96)5YV1(9,6),
YV2(946)sTECE1sPRECTN,PEMTPM(9)4UKY,
ANAV,DIS1+0IS2,4PXM1,PKM2,SURL1sSUR2,VOLULl,VDLU2,
UNER1yUNER2+DISsPKMySURSVOLUSUNER,TECEQ2,AMM],
AMM2 s XC19XC29VLC1sVLC2,EX9Y1(956)9Y2(9968)
Y3(996)9Y4(956)3X1(9,6)9X2(9556)9X3(9+6),
X4(996)9EF1(996)yEF2(996)9EF3(9,56)5EF4(946),
NSYS,DEDO12

O =WV

READ THE TOTAL PRESSURE,MOLAR FRACTION OF ETHANE

IN THE VAPOR AND LIQUID PHASE, EXPERIYENTAL ENHEN

HANCEMY FACTOR.

DATA P1C151)sP1C152)3P1C1393)5P1C194)717049260294046960.6/
P1C195)5P1C196)9P1(241)5P1(292)784.T75117<09848524.87
P1C293)4P1C294)9P1(295)9P1(2356)7/49e2578.05102.75139.9/»
P1(3+1)9sP1C352)5P1(393)9P1C(3954)/149329¢9949.9969.9/
P1(345)9P1(346)9P1(%91)sP1(%92)789%13119e192602946957
91(493),P1(494) !Pl(‘t, 5) ’Pl(lt'b) /70-6,80.9198.6’11802/,
P1(591)9P1C552)3P1(593)9P1(594)/4e5922e649944e959T713/,
P1(595)9P1(536)9P1C691)9P1(692)7/98.8913044910.72,25499/

DATA P1(693)9P1(694)9P1(695)9P1(6486)/45408971429100.19129.07
P1{T791)3P1(792)sP1C(T43)sP1(T94)/5.82914+4925.72945433/
P1CT795)9P1(T736)9P1(841)yP1(8352)/99.69128.1543.98,13.07,
P1(B93)9P1(B894)3sP1(895)9P1(896)/26e09%3.453684.89128.0/
P1C95s1)94P1(992)+P1(993)5P1(994)/4.1410.35415.32,23.257,
P1(945)5sP1(996)/46e294645/7

DATA Y1C1s1)sY1(192)sY1(243)7445000.0+30500009159000.07
Y1Q194)sY1C195)9Y1(196)/7137000405100500.0473800.C7/,
Y1(241)9Y1(2492)5Y1C2+3)/725100040992100.0948700.0/
Y1C294)eY1C245)3Y1(2+6)730500.0423200.0517800.0/
Y1€351)9Y1C(392)9Y1(343)/728700.0514600.059050.07,
Y1C394)9Y1(395)9Y1(396)/76640e095350.094140.0/
Y1C431)9Y1C442)9Y1(493)/736824052133.,0,51493.90/,
Y1C€434)9Y1(4%95)9Y1(496)71283051078.09865.37,
Y1(591)9Y1(592)2Y1(5+3)/2846+09600.09323.1/
Y1(S594)9Y1(595)9Y1(596)7/7215425173e951413/

DATA Y1(691)9Y1(692)9Y1(693)7439¢619200644121.7/,
Y1(634)3Y1(695)9Y1(696)78348565.21555.22/,
Y1CT791)eY1C0T792)9Y1(T743)/7176e197957947.83/7,
Y1CT794)eY1(T795)9Y1(T08)/2935916e57914.57/
Y1C(891)eY1(892)9Y1(843)/63e26514.7898.1457,
Y1(894)9Y¥1(B95)9Y1(Bs6)/5.44593.87T792.71/,
Y1(9e1)eY1(992)9Y1(993)/9¢49554418532.994/
Y1(994)5sY1(995)9Y1(996)72.064991.18151.149/

WV W N = OV WN e

O Wy N W=

~N O WN

DATA X1C191)9X1C0192)9X1(193)/7.9745.9815.9865/,
1 X1C154)9X1C195)9X1(196)74991599964.997/,
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X1C291)eX1C(292)9X1C253)7a9839.9875.93/,
X10294)9X1(245)9X1(296)7/2499645e9979.999/7,
X1(351)9X10352)9X1(393)/7993549949.995/,
X1(394)9X1(345)9X1(356)7e¢9979499894999/,
X1C491)9X1C442)9X1(493)/1e091e051.0/,
X1C494)9X1(495)eX1C496)/71e051e09160/7,
X1(551)9X1(592)9X1(593)/71e091e091e0/
X1C594)9X1(595)9X1(596)/71e091e091.0/

DATA X:1(691)9X1(692)9X1(693)71e091<0s1.07,

X1(6,4),x1(6,5).X1(6;6)l130,1.0;1.0!,
X1CT91)9X1(T92)e%X1(T793)/1e051.091.07
X1(734)9X1(T795)9X1(796)/71e091e091.07,
X1(8,51)9X1(892)9X1(843)/1e091e0510/,
X1(894) 9X1(B895)9X1(896)71e091.051.07,
X1(991)9%X1C(992)9X1(993)/1e0s1e091.07
X1(994)9X1(S995)9X1(996)71e091e0s107

DATA EF1C151)sEF1C152)sEF1C193)+EF1(154)/12412191415441.17351.211/

EF1(195),EF1(156)yEF1(251)9EF1(242)/1e24751.26591.03%51.077/>
EF1(293)yEF1(294))EF1C(245)yEF1(256)71a11451411751.14941,173/,
FF1C391)4EF1(392)5EF1(333)sEF1(394)/101391.03441.070,51.100/»
EF1C345)sEF1(396)3sEF1(451)9EF1(492)/1e12941.16851.020,1.058/,
EF1C493)yEF1{494)9sEF1(495)9EF1(436)/1a11451.09791.133,1.1737,
EF1(531)sEF1(552)4EF1(593)+EF1(594)/1e021531.07691e15891.2247
EF1(545)9EF1(5+6)9EF1(691)9EF1(692)7/1437051446991.03951.1507
EF1C693)9EF1(694)9EF1(695S)9sEF1(696)/1e21291e31251.44151.5727
EF1(T791)9EF1(T92)¢EF1(T53)sEF1(T794)71.01691.13651.21951.320/

DATA EFi({T795)9EF1(T95)9EF1(891)9EF1(852)/1e635911e84991.06491188/

1 EF1(8+3)+EF1(894)4EF1(895)9EF1(896)71430991.46251.548,2.050/,

2 EF1(991)9EF1(992)yEF1(993)sEF1(944)/71e11651e24351e316,51.367/,

3 EF1(945)sEF1(946)71.56451.533/

~NOWN D WN e VO gor- NS WUN

WO NN DUWN

READ THE TOTAL PRESSUREs MOLAR FRACTION OF ETHANE
IN YAPOR PHASE AND LIQUID PHASELEXPERIMENTAL
ENHANCEMENT FACTOR
DATA P4C151)sP4(C142)9P4(193)734,0194T762+461.22/,
P4e(144)3P4C135)9P4(1967768.035102.4445136.05/,
P4(291)9P4(292)9P4(243)/15422534e01,547.627,
P4(294)9P4(295)+P%(236)7/614229102.449136.05/7,
P4C(3451)4P4(392)3P4(343)/724e9440e9560.17>»
P4C3,4)9yP4(3,45)9P6(396)/790.745120.25,143.57,
P4C491)9P0(4492)5P4C443)/1T7e01934.01947e62/
P4(494)9P4(495)9P4(%96)/612229102.449136.05/
DATA P4(5351)3P4(552)9P4(593)/76042560e298847/,
P4(544)3P4(595)3P4(5,6)/120.049144.35147.9/7,
P4C691)9P4(692)9P48(653)721aT7438e8360.07
Pe(694)3P4(695)9P4(696)/88Be09118e%914647/
Pa(T51)9eP4{T92)9P48(T793)710.0440.04+60.07,
P4(T94)9Pa(T35)9P4(T796)/90.65120635149.7/,
P4(Be1)9Pa(B842)9P4(B93)/10e37940.3258046/
P4(Bs4)sPa(8¢y5)924(8+6)/111.9,135.0,5141.4/7,
P4{951)9P4(952)9P8(993)/25.6941.82+60.8/7,

(aNaNeNal
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P4(954)3P4(955)5P4(996)/83.65110405144.27

DATA P4(C1091)3P4(1092)9P4(1093)/79e992%e¢6293%938/7
P4C10y4)9P4(1045),P4(1096)/69.45108.2,148.0/,
P4(1191)9P4C11,2)9P4(1193)710e719425.60441.26/7,
PaC11s4)9sP%4C11s5)9P4(1196)7/0.69106e5+9149.1/

P4C1251)9P4(1292)9P4(12+3)/7e30924e81940.50/,

P4(1294)+P4(1255)9P4(12963/71.09109e691491/,

DATA Y&4(151)9Y4(142)7524000.0,420000407
DATA Y4C193)sY4C154)7350000.05320000.07,

Y4C(195)9Y4(196)/7240000.05,220006.0/
Y&e(291)3Y¥4(242)7476000.05240000.07
Y4(253)3Y4(294)7193000.05,170000.07
Y6(255)+Y4(2,6)7120000.05,104000.07>
Y4(3431)4Y4(3,52)/767300.0446200.07,
Y4(393)9Y4(354)/736000.0929400.0/>
Y4(345)9Y4(356)/727000.0926100.07
YoeCb9l)9Y4(442)770000.0943000.0/
Y&(453)sY4(454)/33000.0925000.0/

DATA Y4(435)9Y4(446)720000.0+18000.07

Y4(551)43Y4(552)715400.0912400.0/
Y4(553)9Y4(5943711000.03510500.07»
Y4(545)9Y4(596)/710800.0910600.07
Y4a(b691)3Y4C652)75760.053890.0/7
Y4(693)9Y4(6941373300.043100407,
Y4(695)sY4(696)7/3050.093310.07,
Ya(Te1)9Y4(T32)71650405623.0/7
Y4(T93)9Y4(T94)/578.09605.07
Y&e(T35)3Y4(796)/7672405793.0/

DATA Y4(851)9Y4(892)/5564.09269.07»

Y4(Bs3)9Y4(894)/276409325.0/
Y4(8,5)9Y4(8+6)/7381.04395.0/, ‘
Y4(991)9Y40992)3Y4(9,53)765:1939e2942.67
Y4(994)9Y4(995)9Y4(956)/53e3570.0+101.07
Y4(1091)9Y6C1092)9Y4C1033)75e79441334.36/
Y4(1094)5Y4C10,5)9Y4(1096)76e94513e7924.0/7
Y4C1191)9Y4C1152)9Y4(1193)7e69040.581450.741/,
Y4(1194)9Y4C1145)9Y4(1196)/125103e30064547
Ye(1291)5Y4C1242)9Y4(C1293)/0.214904175,04.2357

DATA Y4(1254)5Y4(1255)9Y4(1296)/0.54591.4093017/

DATA X4(1+1)9X4C192)9X4(153)/4989¢9655495/

X40154)9X40145)9X4(196)/7e94,5.90749373/,
X4(291)9X4(292)9X%(293)/0993.985.9687,
X6(296)9X4(295)9%X4(236)/e9583e928930/,
X4(391)9X4(342)9X4(393)/7e98B+:976549646/
X4C394) 9X4(395)9X4(396)/e9484993449.93225/,
X6C%91)9X4(442)9X4C4393)/e¢98593e9894975/7
X4(414)'X4(4:5)9X4(4,6)/.9639-95,.955/,
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8 X4(591)9X4(592)9X4(593)/.98075.97145.95917,

S X6(594)9X4(555)9X4(546)/e94659.938,.935/

DATA X4(691)9X4(632)3X4(693)7e99159.98514.9777
X4(634)9X4(695)9%X4(096)7696T754958649.94937
X6 (T9l1)sXe(T92)9X4(T793)/7e997 9987999823/
Xe(T34)9X4CTe5)9X8(796)/7e97659e967999567
X4(891)9X4(892)9X4(B93)/e998,5.9355,.9817,
X4(B894)eX4(895)9X4(8436)/e97459.979.9588/7,
X6(951)9X4(992)9X4(953)7.9959.991,.988/7,
X6(994)9X4(955)5X4(956)/.9854.98135.976/
Xe(1091)9X4C1092)9X4C1033)/1eslesle’/y
X4C1094)9X4C1095)9X4(1096)71aslesle’/

DATA X4(1191)9X4C1152)9X4C1193)7/1esleaslaly

1 X6(1194)9X4C01195)9%X4(1136)71ecslesle’,

2 X401291)9X0C(1292)9X4C1233)/1eslasle’y

3 X4(1294)9X401295)9X4(1296)/1eslesle’

DATA EF4C131)4EF4(152)5EF40193)71.20191e344351.440/,
EF4(194)9EF4(155)9EF4(196)/71e50091e79192.107,
EF4(241)9EF4(292)3EF4(293)71.1551.28541.447/,
EF4(2+44)4sEF4(235)sEF4(296)71.639691.93542.2287
EF4(391)9EF4(392)9EF4(393)71e2991<4591e66/7
EF4(394)sEF4(395)9EF4(396)/2.039244T732.877
EF4(491)9EF4(492)9EF4(453)/1.10451.35651.457/7,
EF4C694)+EF4C495)9EF4(496)71e51991.9924271/7
EF4(591)9EF4(542)9EF4(593)/1.5391.86492047
EF4(95¢4)EF4(595)9EF4(5456)/3e133e8253.86/

DATA EF4{691)+EF4(6H692)9EF4(693)/1.3691.6592.18/7,

" EF4(694)9EF4(695)9EF4(696)7/2.9693.9995.237,
EF4CT91)sEF4(T92)3EF4(T93)/1e1691:9332.777>
EFG(T94) 9sEF4(T45)9EF4(T46)/7443796.4599.4T7/
EF4(891)9EF4(8352)9EF4(B93)/1.275244054e9/,
EF4(By4)sEF4(835)9EF4(B36)/8.03511.4512.37
EF4(991)9EF4(952)9EF4(993)7123253e2395.107,
EF4(994)4EF4(935)9EF4(9+6)/8.78915.2928.57/
EF4C1091)9EF4(1092)9EF4(1093)/1e6232e921%927,
EF4(1094)9EF4C1095)sEF4(1096)71348542.59102.0/

DATA EF4(1191)9EF4(1192)71+9393.88/7,

1 EF4(1193)9EF4(11354)7/7e9952787,

2 EF4(11+5)9EF4(1196)/91.79255.0/,

3 EF4C1291)9EF4(1232)/146434e57/7

4

5

WV OO~NOWHWN

VBNV S WN M

O 00~ =

EF4(1293)9EF4(1244)710.0540.7/,
EF4(1295)9EF4(12+637162+05473.0/

READ THE THIRD VIRIAL COEFFICIENT OF KR

READ THE TOTAL PRESSURE,MOLAR FRACTION OF KR IN THE

VAPOR AND LIQUID PHASE.EXPERIMENTAL ENHANCEMENT FACTOR

DATA P2(191)4P2(192)9P2(193)/10.17420.18440.29/,
P2C1+4)9P2(1+5)9P2(196)/809,100.05120.8/,
P2C291)3P2C232)9P2C253)/9489910.22520e2/,
P2(294)9P2(295)4P 2029677394323 79e4%9117.77s .
P2(341)4P2(392)9P20393)/4e7351007520.17
P2(354)4yP20395)9P2C396)741.60979.05119.0/,

oW N e
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P2C4491)9P2(442)9P2(493)/9¢8+20.0439.82/,
92(4'4)’P2(4,5)9P2(4, 6)/79.5’81.2’ 12000/9
P2(531)9P2(542)9P2(593172e62420.0939.857,
P2(544)3P2(5+5)9P2(5486)/79<4380e69115.57

DATA P2(691)9P2(642)yP2(593)74e2+920e2540.28/»

P2C694)sP2C695)9P2(696)7646380%9106.567
P2CT791)4P2CT792)9P2C7293)/76402¢10.09920.047
P2CT44),P2CT95)9P2CT96)739.9980.05105.0/
P2(831)9P2(832)9sP2(893)/74¢1510.0519.827,
P2(894)9P2(895)9P2(8B36)/3943959.8980.0/
P2(991)3P2(992)9P2(993)710.0919.6037674
P2(954)9P2(995)9P2(996)7599579+34980.7/

DATA Y2(C191)9Y2(192)5Y2(193)/0.66990.361,50.188/,

Y2(134)9Y2(195)9Y2(196)/10290.0990.0715/
Y2(291)9Y2(292)9Y2(293)7/04165043955,0.2137
Y2C254)9Y2(2+95)9Y2(296)/70112,0.05990.0437/,
Y2(391)95Y2(352)9Y2C353)/045750.220,0.113/7,
Y2(394)9Y2(395)9Y2(356)70059090.0339,0.0257
Y2C491)9Y2(492)9Y2(493)/0e11650.059550.0327
¥Y2(494)9Y2(495)5Y204456)/70.0182450.0175,0.01337,
¥Y2(5+1)9Y2(5+2),Y2(553)/031440.,045150.0251/,
Y2(594)9Y2(555)9Y2(536)70.0134,0.0132,0.009787

DATA Y2(691)9Y2(692)9Y2(643)/70.16490.036240.,01937/,

Y2(694)5Y2C635)5Y2(656)/0.012,0.0106,0.008157

DATA Y2(T751)9Y2C742)9Y¥2(743)/.099750.042,40.02127,

Y2CT94)+9Y2(795)9Y2(T46)7.01144.00653,4.00535/,
Y2(B91)9Y2(B92)9Y2(893)7.05555.02355.0127>
¥Y2(834)3Y2(B35)9Y2(856)/.00659.004525.003647,
Y2(941)5Y¥2(952)9Y2(943)/.0121,.003635.00257,
¥2(994)3Y2(945)5Y2(996)/.00245.00195.001847

DATA X2(C191)9X2C192)9X2C193)/¢99955.9989995/,

X2(194)9X2C195)9X2C136)/e998%93.9869.983/,
X2€291)3%X2C252)9%X2(293)7e99955.995953.9384/,
X2C(234)9%X2(295)3X20296)/7e939649099224.9985/7,
X2(331)9X2(392)9%X20393)7¢699999.99959.9997
X2(0394)9%20345)9X20395)7+49979¢99549.992/
X2C491)9%X2C442)9X2C493)7.99975.99925.9982/,
X2Ch434)9X2C495)e%X20498)7099623.996155.994/7,
X2(551)9%X2(592)9X%X2(5943)74999949e9992:69985/
X2(534)9X2(595)9X2(596)7e99739979.996/

DATA X2(691)9%X2(692)9X2C693)/1eslerle’/,

X2CH694)9X2C695)9X2(636)/71eslasla/

DATA X2(T31)9X2(T92)9X2( 7937710510510/,

VB WN

1
2

X2CT794)9X2CT9533X2C7 9637103910910/,
X2(8491)9X2(B352)9X2(893)71e091e091e37,
X2(894)9X2(8B95)9X2(836)/1e091e09107,
XZ(?’I)'X2(9’2)OX2(9’3)’100'1.0)100/,
X2(39%)9X2(995)9X2(996)7/1e0y1e051.0/

DATA EF2(151)9EF2(192)9EF2C193)/1a0591e1291.17/,

EF2(194)9EF2C145)yEF2C(136)/1428913091.337,
EF20251),EF2(2,2)9EF2(2933/1.0791.0891.157,
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EF2(244)9EF2C295)sEF2(246)37141991.2591.377,
EF2(391)9EF2(352),EF2(393)71.0751.0951.127,
EF2(334)9EF2(335)3EF2(396)/1e2191e3251646/7
EF2C491)9EF2(492)3EF2(443)/71.0591.141.18/
EF2C494)sEF2C495)9EF2(496)/71e3451.3151e47/
EF2(591)3EF2(552)9EF2(5453)71.0251.12451.247,
EF2(544)3EF2(595)9EF2(5496)/1.3291e3291e47

DATA EF2(691)9FF2(692)9EF2(693)71.0341.0951.167,

EF2(694)9EF2(695)9EF2(696)/1a16914285163/7

DATA EF2(Ts1),EF2(T792)3EF2(793)/1.02+1.0791.087,

EF2C754),EF2CT755)9EF2(T796)/71e1591e32451.42/,
EF2(851)9EF2(8492)5EF20893)/1.03,1.06,1.07/,
EF2(B94)9EF2(855)+EF2(896)/141591e225131/>
EF2(951)9EF2(9,52)9EF2(953)/1.0491.08,1.167,
EF2(994)sEF2(995)5sEF2(9,6)/1.2351.30,1.267

CeeeeeeREAD THE PRESS OF SYSTEM AND COMPOSITION

c

(aEaNeNalel
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DATA P3C1+1)9P3(192)9P3(143)/735.35443.23485.537,

P3(154)5P3(291)5P3(2,2)7140.1938421,48.727,
P3(294)9P3(391)9P3039277119e2933e51946.84/»
P3(344)9P3C491)9P3(632)71364e2522.83331387
P3C293)9P3(393)9P3(494)770.02975e85151,.7/,
P3(443)782.067

DATA P3(551)+4P3(542)9P3(553)720.67931.956yR9.07,

P3C631)3P3(6952)sP3(693)713a679433.97368.23/
P3CT731)9P3(792)¢P3(733)/713222434.25+63.807,
P3(594)9P3C634)sP3(T94)/7113.69115.78,116.12/7,
P3(8491)5P3(892)9P3(893)/72244939.01950.77>
P3(Bs4)9P3(951)3P3(992)763e892%1+38,482.77/,
P3C(943)5P3(9+94)7965.553965.55/

DATA Y3(1s1)9Y3C192)9Y3(C193)/0e90025¢79739.6079/,

Y3(251)5Y3C252)9Y3(253)746098,.50799.3853/,
¥3(351)5Y3(392)9Y3(3,53)7.5079,.3853,.26247/,
Y3(491)9Y3C492)9Y3(4%53)/e50794.365345.1715/,
Y3(591)9Y30592)9Y3(593)/7e38539.26245.11037,
Y3C631)9Y3(692)9Y3(693)/e24T941044340557/
Y3(T731)9Y3(T792)3Y3(753)/e0540203,0.01117/,
Y3(194)’73(294)1Y3(3,4)/.3859.26249.2624/9
Y3C434)9Y¥3(594)9Y3(694)7e1109+09195.0379/,
Y3CT94)9Y3(RB91)+Y3(842)/0.008540.016950.0105/

DATA Y3(893)9Y3(844)9Y3(9,11/0.00862+0.00714,C.0C16/,

¥3(992)97Y3(993),Y3(99415/0.001850.0024,0.00247/

INPUT DATA FOR MOLAR FRACTION OF THE HEAVY COMPONENT
IN THE LIQUID PHASE

DATA X3(C191)9X30192)9X%X3C193)7.953269.982749.9316/7,

X3C194)9X3C251)9X3(232)/e86834.9817,5.9717/7,
X3C293)9X3(294)9X3(331)/e9529¢9085.9817/
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X3(0352)9X3(393)9X3(3354)/.97289.9496,.9052/,
X3(491)9X30492)9%X3C453)/7e99063.97289e94956/
X3C%94)3X3(591)9X3(592)7490263+9915.9838/
X3(S593)9X3(544)9X3(691)/e94859.9345.992/,
X3(6,2)’X3(6,3)1X3(6,4)/.9811,.944, 0945/'
X3CT351)9X3(742)9X3(793379964.9909.97/
X3(C734)9X3(8B91)9X3(892)7e9615599849.991/
DATA X3(833)9X3(89%)3X3C(991)/e9875+98751/

1 X3(992)9X3(943)9X3(9%9%94)/71eslesle’/

END
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SUBROUTINE NAPOD
c SUBPROGRAM FOR CALCULATE THE SECOND VIRIAL COEFF.
USING THE XIHARA NMODEL

[N g)

DOUBLE PRECISION TET1,TET2,TET3,SET1,SET2,

1 SET3,PET1sPET2,4PET3

DIMENSION ZUF(9)9F3(9),F2(9)9F1(3),R1(40),R2(40),R3C40)

COMMON /MAIN/ TEMPM(I9)4NTyNYyB(9)4811(9)9822C9),B12(9),
€111(9)5C112C9)5C122(9)90222C9) 9 YVE(946)5YV1I(956)
YV2(936)+TECEL1sPRECTMyPEMTPMU(9) UKV,
ANAV,DIS1,DIS2,PXM1yPKM23SUR19ySUR2,sVOLU1,VOLU2,
UNER14UNER2 sDISsPXMySURyVOLUSUNERSTECEQ2,ANM1,
AMM2 s XCLle XC2oVLC1 o VLC29EX9Y1(996)3Y2(3,6))
Y3(996)9Y4(956)9X1(996)9X2(9,6)9X3(996),
X4(996)9EF1C(996)9EF2(996)3EF3(9,6)+EF4(9,46),
NSYS,DEDG12

M=40

ANAV=,60238

PI=3.1%16

W=~ WN

a0

REWIND 15
READC1597)CR1ICIISR2CIIWR3(JI9J=19M)
FORMAT(3E)

CALCULATE THE KIHARA PARAMETER

OO0~

DO 80 I=14NT
ZUFC(TI)=UNER1/TEMPMCI)
F1CI)=0.

F2CId=0.
F3(I)=0.

DO 81 K=1,M

T=FLOAT(K)~-1.

c CALCULATE THE VALUE 0OF F1
TET1=(6.%T+1.)712.0
TET2=ZUF(I)*=+TET1
TET3=R1(K)*TET2
F1(I)=F1CI)+TET3

C CALCULATE THE VALUE OF F2
PET1=(6.2T+2,.)/12.
PET2=ZUF(I)+sPET1
PET3=2(X)%PET2
F2CI)=F2CI)+PET3

c CALCULATE THE VALUE OF F3
SET1=(6.%T+3.)/12.
SET2=ZUF(I)**SET1
SET3=R3(XD*SET2
F3(I)=F3CIJ)+SET3

£1 CONTINUE
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BE1=2.%PI12(DIS*+3)%F3(1I)/3.
BE2=PKNM+(DIS%%+2)sF2(C1)
BE3=(SUR+({PKM%%2)/(4.%xPI)))eDIS*F1(I)
BEG=VOLU+C((PKM=ESURD/(4.%PI))
BES=BE1+BE2+3E3+3E4
BCI)=BES*ANAY
80 CONTINUE
RETURN
END
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SUBROUTINE PIPA

DIMENSION ZUF(12),F3(12),F2C12),F1C12)5sR1C40)9R2C40),R3(40)

CeoeeeesCOMMON DATA

COMMON /MAIN/ TEMPM(9)9sNT4NVB(9),31109)9822C9),812(3),

C111(9)+C112C9)5C0122(9)+90222(9)9YVE(I96)4YV1I(956),
YV2(956) s TECEL1,PRECTM,PEMTPM(9),UKV,
ANAVyDIS14DIS2,PXM14PKM2,SUR1,SUR2,VOLUL1,V0LU2,
UNER1JUNER2 9sDISsPXMySURyVOLUSUNERSTECEO2,AMNI,
AMM2 9 XC19XC23VLC19VLC29EX9Y1(996)9Y2(9,6),
¥Y3(996)9Y4(936)9X10956)9X2(9346)9X3(9,6),
X4C9,56)4EF1(9,96)3EF2(996)EF3(996),EF4(946),
NSYSsDEDO12
M=40
PI=3.1416
REWIND 15
READC1ISsTICR1ICJIIR2CIISRICII 9 J=1,M)
7 FORMAT(3E)
DO 90 I=14NT
DIS12=(DIS1+DIS2)%0.5
UNER12=CUNER1sUNER2)%%0.5%2(Cl~ UKYV)
ZUFCI)=UNERLI2/TEMPNMCI)
Coeeoeoese CALCULATE THE VALUE OF KIHARA PARAMETER
F1C(I)=0.
F2CI)=0.
F3C(I)=0.
EXI=1.00E-10
DO 91 K=1,M
P=FLOAT(K)-1.
Leeeee.CALCULATE THE VALUE QF F1
TET1=(6.2P+1.)/712.0
TET2=ZUF(I)*&TET1
TET3=R1CKI*TET2
IFCTET2.LE.EXI) GO TO 201
F1C(I)=FI(I)+TET3
CeveessCALCULATE THE VALYE OF F2
201 PET1=(6.%2P+2.,)712.0
PET2=ZUFCIJ)*%PET1
PET3=R2(K)*PET2
IF(PET2.LELEXI) GJ TO 202
F2C1)=F2(CTI) +PET3
CeaeeeeCALCULATE THE VALUE OF F3
232 SET1=(6e%P+3.)/712.0
SET2=ZUF(I)**SET1
SET3=R3(K)=SET2
IFC(SET2.LELEXT) GO TO 91
F3CI)=F3(I)+SET3

0O o O WV W N -

91 CCNTINUE
RE1=2.*PI*«DIS12*+3¢F3(1)/3.
BE2=(PXM1+PKM2)/(2.)*DTIS12%%2+F2(I)
BE3=C({SUR1I+SUR2)/(2.)+(PKM1%PKM2)/(4++PI))+DIS12¢F1C(CI)
BE4=(VOLUL1+VOLU2)/7C2.)#(PKM1&SUR2+PKM2sSUR1)I/(B.%*PI)

127
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950

BES=BE1+BE2+BE3+BES
B12C(I)=BE5*ANAY

CONTINUE

RETURN

END
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510
500

O~ WN

SUBROUT

DIMENSI

COMMON
Cii1
Yvac(

INE LIRA

ON TECE12C12)sTRR(12)4C4(946)5C12(9)

JMAIN/ TEMPM(9)sNT,NVeB(9),811(9),822(9)4812(9),
(9)9C112C9)+C0122C9)9C222C9)9YVYE(996)sYV1(%46),
996)9y TECEL yPRECTMHIPEMTPM(9) yUKY,

ANAYV4DIS1+0IS24PKM1,PKM2,SUR19SUR2,VOLULl,VOLU2,

UNER
AMM2
Y3(9
X4(9
NSYS
XC1=21.
XCZ=-9-
DO 500

CONTINU
CONTINU
RETURN
END

1yUNER29DISsPXMySUR,VOLUSUNER)TECED2,ANM1,
o XClsXC23VLE19VLL25EX9Y1(996),Y2(9,6),
96)9Y4(998)9X1(996)3X2(996)9%X3(996),

96) sEF1(936)EF2(996),EF3(956),EF4(9,46),
9DEDO12

8

91

J=19NT

TEC2=TECED2/Cle + XC1/CANM22TEMPM(J)))
VC2=VLC2/(C1l. # XC27(AMM22TEMPM(JI)))
TECE12CJ)=C(TEC2*TECE1)*++0.5)*(C1l. - UKV)
TRRCJI=TEMPNCJI/TECELI2CJ)
IFCTRR(J)eGTe1.75)DEDD12=0.0
VLC12=(C(VLC1%¢0e333 ¢ YC2%%0.333)*%0.5)%%3
AKS5=04232/7CTRR(J)*%0,25)
AK6=0+4687(TRR({JI=%5)
AKT7=1le=1.89%TRR(JI*%2

IFC(AKT7 elTeleE-16)AKT=14E~15
AKB=2+449-2.30¢TRRCJI+2.T*TRR(J)%¢2
IF(AKB.GT<16)AK8=15.

AK9=( (AKS+AK6)*(1.-EXPCAKTD))+DEDQOi2%EXP(-AKE)D
C12CJ)=AK9xVYLC12%s2
€112CI=(C111CJ)+C12CJ)*x2)*%x0.333
£122¢J)=CC222CI3)*C12CJ)*%2)*%0333
IFC(NSYS<EQe3INV=4

DO 510 L=1,NV
IFCNSYSLEQ.1)YVEC(JyLI)=Y1(J,5sL)
IFCNSYSeEQ2IYVE(JsLI=Y2(J,yL)
IFCNSYSEQe3)YVE(JLI=Y3(Jyl)
IF(NSYS.EQ.4)YVE(JsLI)=Y4(Jyl)
YVI(JyL)=YVE(J,L)/EX
YV2(JsL)=CEX=YYE(JSLIIZEX
BX1=YV1{JsL)*«3%C111CJ)
BK2=3.¢YV1(JsL)%22%YV2(J,L)%C112CJ)
BK3=3.%YV1C(J,yL)sYV2(J,L)*%22:C122CJD
BKe=YV2(JyLI)2%3,50222CJ)
C4CJ,LI)=BK1+#8XK2+BK3+BK4

E

E
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TABLE Bl KIHARA POTENTIAL PARAMETERS

Substance Po A Mo A S Vo A’ Uo/k °K  ges
Helium 2,921 0.0 0.0 0.0 9.9 [6]
Kr 3.483 2.639 0.554 0.038 212.38 |6
Hp 2,808 2.32 0.0 0.0 46.0  [6]
C¢He 3.4 13.1  10.04  6.256 832.0  [14)

CoHe 2.840 10.17  5.77  .653 444.0 (6]
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TABLE B2, KIHARA COEFFIECIENTS

+1.05554565+03,
~3.565922E=y1,
-1.7532442=31,

=9,949250C=02, =1,924393€=31,

=5.37546FE=C2,

=2.733TTTE=C2-
=31a373731C=:532, =2.5542525=02,4 .=3.5742

-5.423216%-i13,
-2.361939¢-23,

=i g,231%22'C=-23,

+1.,1237372+33,
=3e7297952=01,
«3,752523z=451,

=-1.0451732-01,

=329173C5-92,

=1¢17535432=22,
=3417555655-03,

=217 T78275=03,

-6.9°19622=34,
~1.3531445=04,.

-3.3961i08=G%,
=3.6314745-34,

+1.2254152+3¢C
-1.32129G5% 92
~64.27N835=31
,:J;ylllilizﬂl___“__
=2e331771L-)1
=7+553353¢-92
28=L2 . . ..
=1e4125762=)2
=7.G2C515&=33
=2 .0223423%=21
=lei721235=22
-4 ,5(5%430z=-0¢

=70 3228375223 =1a23322%2 =34, _=1.6%4233Z=204_ ___ . ___

- cmrm—— e . Sl

=2+72195443=35,
-3,45.8922-L%
-,.2250ART L,

=3e67241465-25,
-le5541322=5,

=3.03833322 08, _ =7.2372483=234.

=1.112560E=35%,
=3,.625%512~-37
-1a18146485=57,

=1,533373%=74,

L =341043275=57, -
=1a82372022)7, =2.45352395=37

-3.553914€=-22,
=1eC937432=713,
-?,2012225217,

-5.35¢2222=33,
=1.7734532=32,

=542793742=35
=241236365%=y5

-2433%44383=2¢
~7.7153318=27

~7.4651526=022
=2.2242723=32

=342832323=8), =2,5367:152=33 __ __

=Ge27930%345=3y
=2.%535813¢-13,

=1e52708612=37,
=443234532=1?,

=lelINTEIT=y9
=343151243~-13

= Ta3d48354482 =12,  =1,1937303=25, =1,4A32238=17_._. .

=2455583342-11,
=5.322%319z2~-12,

=-3.6723C32-13,
~Q3.3303722=14,

’503163165‘159
-1.41533022=-15,
=3‘2C‘g7?==15v-

~3e2643458-12,

.=347295743-12,
—ee 1833248312, =2,20465343=12, =2.1325

=5.327433E=13,
-1e3087552-13,

—_—— =2 3838 b, =3, T83373 =8, =4 SATIMT=1A. .

=3e2733558=15,
=2.254392E=15,

-3e31833335~-11
=le)423e5%=1!
o=l e e
=7e158750£=13
-1e215173%=13

~lsli314lz=14
=2+5345T735=15"

=5.3381%0%=18, . =£,331077T=18 _

-2,0339158=17,

-1.374272E-17,

=1.272214%~15,
=2.35231%E=i7,

=Ha3313(2C=32,

-1.5130528=-16

L =3,512227%-17

-2,0655335=17

=b,3344S/F=32,

°90Q9237C'E-1'?’
=2412%1858=13,
b o, 27277 "=,

~1e54173(%~i3,
=3.450333%-12,

-1e3193972=19
-%.0628528-13

-, DA134°2=2A

_=7,52631303=23,
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