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Abstract
states principles of non-polar fluids and the calculation of the corresponding states parameters is

A self-consistent approach for the evaluation of the existing three-parameter corresponding

presented. This self consistent approach is based upon the assumption that the contribution of the third
parameter to the thermophysical properties is much smaller than the contributions of the first two
parameters which are generally the molecular energy and length parameters, £/k and . Based on this self-
consistent approach several existing three-parameter corresponding states principles of non-polar fluids
are evaluated. It is shown that the three-parameter corresponding states principle based on the two-and
three-body intermolecular potential parameters effectively satisfies the requirements of the present self-
consistent technique. The corresponding states principle parameters of normal hydrocarbons are calcu-
lated through the present technique and they are reported here.

Key Words  Self-Consistent Technique, Three-Parameter Corresponding States Principles., Lennard
Jones (n-m), Triple Interac-tion, Reduced Temperature and Pressure, Potential Function.
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INTRODUCTION may be possible.

The corresponding states principle (C.S.P.yhas proved
to be of great value in chemical engineering practicc
for the correlation and prediction of, not only the
thermodynamic properties, but also in the correlation
and prediction of the transport properties of sub-
stances {1]. Arguments of C.S.P. provide practical
methods formaking use of measured thermodynamic
or transport properties of one reference substance
under conditions where no experimental data may

exist and where no satisfactory theoretical treatment
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Since the classical deduction of the theory of
C.S.P. by Vander Waals by means of his equation of
state, modemn statistical mechanical theories have
proven the theory rigorously without reliance on any
particular form of equation of state but strictly from
the consideration of molecular intractions. The
theory of C.S.P. is expressed by the generalized

potential function as follows [2]:

e/g,= f(t/c) (D)

where € and o, are an energy and a distance
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characteristic of the potential energy, respectively
and f is a function which is the same for all molecules
whichobey the law of corresponding states. Derivation
of Equation | presupposes that the molecular force
fields are spherically symmetrical and therefore the
theory of C.S.P. based on Equation 1 is limited to
simple molecules whose energies of rateration can be
adequately described in terms of a function using
only two parameters. Since only two independent
molecular parameters are involved in the above deri-
vation, this 1s called two-parameter corresponding
state theory. While there are satisfactory relations
available for two-parameter potential function, f,

such as the Lennard-Jones (n-m) potential function:

efo=—"(Lom [(9)"-(F"] 2)

(n-m)

there is no satisfactory functional form available at
the present time for the three-parameter potential
function, but it is believed that the leading term in the
triple interaction potential is the Axilord and Teller
[3.4] form which, for a pure substance, the third

parameter v is in the following form:

v="21Ia (3
16
where T is the ionization potential and o 1s the
polarizability of a molecule of the substance under
consideration.
Based on two-parameter C.S.P., the following
reduced relationships for the thermodynamic and

transport properties of simple substances can be

derived.
V=V (T,p)=—_ 4)
Nci3
D =D (T, V) =Dii/e.6¥e) =2-(ve) 5
K=Km/4)' "2 Gf (6)
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where ?z%andﬁzggi are reduced temperature and
pressure, respectively.

Extensive computations and research on the two-
parameter corresponding states principle [5-81 have
indicated that this principle, while it may be adequate
for the C.S.P. treatiment of the thermophysical
properties of substances with simple non-polar
spherical molecules, itis unsatisfactory forthe C.S.P.
treatment of non-polarsubstances withnon-spherical
molecules. This observation has motivated
investigators to present a third parameter in the
C.S.P. treatment of non-polar substances with com-
plicated molecules and as a result the development
of the three-parameter corresponding states principle.

In the development of three-parameter C.S.P.’s,
the choice for the first two parameters are always
molecular energy and size parameters, € and o(or
critical temperature and volume, T and V), while
the choice for the third parameter has been rather
arbitrary. The choice for the third parameter may be
based on either empirical or statistical mechanical
grounds.

A number of three-parameter C.S.P.’s have been
suggested by different investigators in which the
choice for the third parameters has been based on
empirical grounds [9-11]. Between these three-pa-
rameters C.S.P.’s, the one due to Pitzer and his
collcagues | 11] has been more successful and appli-
cable inthe C.S.P. treatment of polyatomic non-polar
fluids. According to Pitzer [12] the thermodynamic
and transport properties of non-polar substances with
cormplicated molecnles can be generalized in the
reduced form by the applicationof T, V_ and was the
corresponding states parameters, where o is called
the acentric factor and it is defined by the followng

relation:
o =- (Log P*/P)tr=07" (N

In order to develop a three-parameter C.S.P

consistent with the principles of classical statistical
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mechanics one should choose three parameters from
the intermolecular potential parameters as the corre-
sponding states parameters.

In three-parameter theory of C.S.P., Equation 1
still applies but the generalized function f is now
different foreach class. The class must be designated
by some third parameter.

From the above presentation and discussion on
the available three-parameter C.S.P.’s, it is evident
that always the choices for the first two correspond-
ing states parameters are clearly the energy param-
eter € and the length parameter o, appearing in the
two-body interaction potential energy (or T and V
which, in a sense, are proportional to ¢/k and N o,
respectively). The choice of the third parameter has
been different for different cases which are presented
above, and also the computation of the third param-
eter has been rather difficult or impossible due to the
lack of proper molecular or macroscopic data. As a
result, the choice and the computation of the third
parameterinthe three-parameter C.S.P.’shave alwalys
been the principle barrier in the extensive application
of this principle in chemical engineering practice.

In the present work a self-consistent technique is
introduced through which one can calculate the three
corresponding states parameters of pure substances
with a knowledge of the C.S.P. parameters of two
reference substances. This technique is self-consis-
tent in the sense that it satisfies the consistency
conditions on which the thermophysical properties
are bound.

THE SELF-CONSISTENT TECHNIQUE FOR
COMPUTATION OF C.S.P. PARAMETERS

According to the three-parameter C.S.P. the

thermophysical of pure, non-polar, substances are
defined as

X=X(T.P, @) (8)
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For the computation and evaluation of the three
C.S.P. parameters by the present technique one should
have in hand, at least, two different zero-pressure
thermophysical property data of a substance with the
unknown C.S.P. parameters and the same kind of
zero-pressure data for two reference substances for
whichthe C.8.P. parameters are known. In the present
report the zero-pressure liquid specific volumes and
the zero-pressure liquid viscosities are chosen as the
two required thermophysical property data for the
computation of the C.S.P. parameters of normal
alkane hydrocarbons and methane and neo-pentane
are chosen as the two required reference substances.

At zero-pressure condition, Equation 8 can be

written in the following form;

X=X (T, @) &)

for

Generally, the zero-pressure liquid thermophysical
properties data can be generated by the linear ex-
trapolation of the low-pressure liquid data to zero
pressure, By the consideration of Equation 9 the
following relations can be written between the prop-
ertics of the substance with the unknown C.S.P.
parameters and one of the reference substances with

the known C.S.P. parameters both at zero-pressure

condition.
X(T,T) _X(T) Q (10)
fo(:fo,ao) Xo(To) Q

where
i:(%) (l_) (11)

and Q and Q, are coefficients depending on the
potential function parameter of the physical property
and itis given in Table 1. Inthe above relations, X(T),
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and X (T,) are the zero-pressure empirical correla-
tions of two substances as functions of absolute
temperatures T and T .

The success of the two-parameter C.S.P. in the
case of simple fluids and the partial success of this
principle inthe case of complex fluids is anindication
of the smaller role of the third parameter o in the

three-parameter C.S.P. treatment of the thermophysical

properties of substances as compared to the roles of

the first two parameters £/k and . One may expand

Equation 9 in the following form:

%

X(T.3) =X (T.0) + @ - T) . =0 (12)

o

The above relations are valid as long as (o- @) 1s
small enough such that one can neglect the higher

terms expansion. Now if we define
xlz< a_’.f:)aem (13)
ou

by replacing Equation 12 into Equation 10 we get the

followng relation:

i (T, @) _ g(?,(_fo )+ (T-0o )X[(:F, o)
Xo (?,_n ) io (?.Eo)
XM O 1
Xo(To) Q

It should be again mentioned that the above rela-
tions hold as long as the absolute pressure is equal to

zero. In order to simplify the above equation, we

choose T and 5:0 such that T = ‘T‘O, that is
T (E2)=1.
(To) (E )

When T = ”_F_O the following equality wil hold:

(T, 0o ) = Xo(To, &0 )
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and
X (’-I‘-,HO) ::X]()(E:O,EO)

and as a result Equation 10, will simplify to the

following relation:

X1 (To.T) _ X(T) Qo

1+ (0-T) == )
Xo (To. 0 ) Xu(Ty) Q

(15)

With the knowledge of the values of T and T (for
which T= TO) one should have available the values Q,
Q, and o of the reference system in hand and also the
empirical correlations for X(T), XO(TO), 5(—0 (i), EO ),
X ,o(Ty» O, should be available. The empirical cor-
relations for X(T) and X (T ) can be obtained by the

correlation of the isebaric (zero pressure) data of
molar physical property of the substances under
consideration. Since o 1s a constant, we do not need
to know the functional dependence of i() and X |, on
0, in the present computations, and it is enough to
have available the functional relation between these
variables and fo only. With the availability of the

empirical correlations for XO(TO) the functional rela-

tion for go (i) will be as follows:

Xo ( k?o /€0, eo/k) _ Xo (?0 , Eo/k)
Qo Qo
(16)

Xo (To. T ) =

Similarly, with the availability of the empirical cor-
relations for on(Toz) for the second reference sub-
stance, we will be able to derive the relations for
io ) (?02). For obtaining the functional form forx,(i))

we use the following relation:

Xoi (?0, ﬁt_o)-ioz(:l:o, 0o2)

Xo ( To, 0o ) = —
oo - On2

(17)

By the knowledge of the empirical correla-
tions for X (T), X, (T,). X(T,)X, (T, @) and
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X, (T, 0). as presented above, and the knowledge of

T and T (for which T= ij) one will be able to use
Equation 15, in order to calculate the values of g/g,
o/, and o - O for the choice of T and T (for which

T=T,) the following method may be used.

For the computation of T and T for which T= Ty

one can use the following identities:

(ﬁ) =l.(3_x} (18)
oT/ X \4dT

>l

by writing the above identitics, once for the substance
with the unknown C.S.P. parameters and once forone
of the refercnce substances (with the known C.S.P.
parameters), and dividing the relations of the former
by the relations of the latter, one will derive the

following relations:

X (To. @)
Xo(Too) __ dTo  _ Ty Xo(To) oT
g(?g,a) a-io(?o,ao) To X(T) aX()(TO)

B:F—o dTo

0X (T)

(19)

by substituting Equations 12 for i(’? » 0 in the

above equation, we get the following relation:

.BEO(T,XO) X (T)
aTo  _. T ,Xo(To) oT
— =(=) ( ).

1+(T-T) . Xo(ToT) To  X(T) dXo(To)

oTo

I+(0-o0)

(20)

The above equation can be joined with Equation 15in

order to calculate e/eo, o/c,, O - EO, and T, T0 for

0’

which T=T,,
In the technique which is presented above for the
calculation of the three parameters of a three- parameter

C.S.P.itis necessary to have empirical correlations for
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the zero-pressure liquid molar volumes and zero-
pressure liquid molar viscosities (or any other two
properties) of the substances under consideration as
functions of temperature. The substances of interest
at the present time are normal alkane hydrocarbons.
With the choice of normal alkanes, we will be able to
compare the results of the present calculations with
the already available corresponding states param-
eters of these substances, and we will be able, also, to
observe the effect of the increase in the size of the
molecules (from one homolog to the other) on the
versatility of the present technique. For liquid normal
alkanes the low-pressure liquid molar volume and
viscosity data are available [ 13]. These data for liquid
normal alkanes are extrapolated to zero-pressure and
the resulting zero-pressure data are fitted to the
follwoing polynomaials for cach hydrocarbon by the

method of linear least squares

X(T) = 2 AT (21)
i=o

The number of terms of the above power series are
chosen for which there are minimum root-mean-
square deviations between the data and the correla-
tions. In Tables 2 and 3 the values of coefficients A,
and B, appearing in correlations (21) for normal
alkanes from CH, to C, H_, are reported. Also re-
ported in these tables are the percentage root-mean-
square (R.M.S.) deviations, percentage maximum
errors and the number of data points foreach property
of the hydrocarbons under consideration. As it is
shown in these tables, the percentage R.M.S.'s and
the percentage maximum errors of the correlations
with respect to the experimental data are quite small
and as a result the correlations are quite accurate for
the temperature ranges under consideration. It is also
shown in these tables that the maximum number of
terms necessary in order to achieve the best correla-
tions for the properties considered do notexceed four

for the hydrocarbons considered.
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RESULTS AND DISCUSSION

The present self-consistent technique allows us to
compute the corresponding states parameters of sub-
stances based on any three-parameter C.S.P. pro-
vided that the parameters for two reference sub-
stances are already available. It should be pointed out
that the present technique is vaklid as long as the
contribution of the third paramecter to the
thermophysical properties is smaller than the contri-
butions of the {irst two parameters.

The present self-consistent technique is utilized
here in order to compuate the corresponding states
parameters of the normal alkane hydrocarbons (from
CH, upto n-C, H_,) for the different three-parameter
C.S.P.'s presented above. In the computations per-
formed here methane, CH,, and neo-pentane, C(CH ),
arc chosen as the two required reference substances
for which the corresponding states parameters are
assumed to be knownbased onevery C.S.P, and these
parameters are reported in Table 4.,

In Table 5 values of Ve, /Va, Tww /T and 0,-o,
as calculated by the present technique (with methane
as the first reference substance and neo-pentane as
the second reference substance) are compared with
the values calculated by Pitzer's technique and reported
inReference 14. Subscript #in this table and the other
tables which will follow standards for the normal
alkane hydrocarbon with n carbon atoms. Table 4
indicates that the present technique is not applicable
for the prediction of the parameters of the Pitzer's
three-parameter C.S.P. This is mainly because @,-u
is not small enough such that one can neglect the
terms of the order (w,-wy)?* and higher in the expan-
sions of the thermophysical properties with respect to
(w,-m)) as shown by Equation 9. This observation is
negating the understanding that generally the
thermophysical properties of polyatomic fluids could
be represented to the first order with respect to @, by

the following equation:
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X: Xu): 0 -+ (_D(E)_X)
00/ p=i

In Table 6, values of ¢ /G, € /e, o'~ o for
Kihara potential as calculated by the present tech-
nique (with methane as the first and neo-pentane as
the second reference system) are compared with the
values calculated based on the second virial coeffi-
cient data. Table 6 indicates that the present tech-
nique is not applicable for the prediction of the
parameters of the Kihara three-parameter C.S.P., due
to largeness of a "-a,”, and as a result the invalidity of
trucated expansions (9) for this corresponding states
principle.

In Table 8, values of 6 /o, ¢ /e, and v, as calcu-
lated by the present technique (with methane and
neo-pentane as the reference systems) are compared
with the reported values of ¢ /6, and ¢ /e, in the
literature and the values of v_ as calculated through
Equation 4 and reported in Table 7, respectively. The
reported values of 6 /G, and € /e are for the Lennard-
Jonces (12-6) potential function and they are based on
both the second vinal coefficient and gas viscosity
data. The values of ¢ and € chosen for the two
reference substances, methane and neo-pentane, are
based onthe gas viscosity data | 15]. Table 7 indicates
that the parameters of the C.S.P. based on the two-and
three-body potential functions can be calcualted sat-
isfactorily by the present technique. The small devia-
tions of the predicted results from the known values
of C.S.P. parameters in Table 7 could be due to, i)
inaccuracies in the second virial coefficient and
viscosity data for the case of ¢ /e, and © /o, ii)
inaccuracies in Equation 4 which are in reality ap-
proximations based on quantum mechanics, or iii)
inaccuracics in the accepted values of the corre-
sponding states parameters for the reference sub-
stances, methane and neo-pentane. Practically, the
present self-consistent technique is applicable for the
predication of the three corresponding states param-

eters of substances (based on the two- and three-body
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potential functions) provided that the corresponding
states parameters for the reference substances are
known. InTable 9 the valuesof 6 /o, and € /e, forthe
Lennard-Jones (12-6) potential function, and v_*, for
Axilord-Teller three-body potential function, for
normal alkanes (CH, ton-C, H_ ) as calculated by the
present technique are tabulated. The experimental
and calculated values of ¢ /o, € /e, and v_ are also
reported on Figures 1, 2 and 3, respectively. Also
reported onFigures 1 and 2 are the values of ¢ /o, and
g /e, as calculated through the corresponding states
theory of polysegmented molecules developed by
Hermsen and Prausnitz[16].

Based on the above observations it is clear that
the present self-consistent technique enables us to
compute the potential parameters of two-and three-
body potential functions of the substances for which

these potential parameters are not available. This is
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Figure 1. Values of ¢ /o, the ratio of Lennard-Jones (12-6)
parameters of normal alkanes with r carbon atoms to that of
methane, versus n, the number of carbond atoms in the normal
alkanes. The dashed line is the result of the corresponding states
principle of the polysegmented molecules developed by Hermsen
and Prausmitz[16]. The sclid line is the result of the present self-
consistent technique. The solid circles are the values based on the
gas viscosity data and the open circles are the values based on the
second vinal coefficient data.
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Figure 2. Values of g /e, the ratio of Lennard-Jones (12-6)
energy parameters of normal alkanes with n carbon atoms to that
of methane, versus n, the number of carbon atoms in the normal
alkanes. The dashed line is the result of the corresponding states
principle of the polysegmented molecules developed by Hermsen
and Prausmitz[16]. The solid line is the result of the present self-
consistent technique. The solid circles are the values based on the
gas viscosity data and the open circles are the values based on the
second virial coefficient data.
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Figure 3. Values of v_the Axilord-Teller intermolecular poten-
tial energy parameter of normal alkanes with »n carbon atoms
versus n, the number of carbon atoms in the normal alkanes. The
solid circles are the values calculated through Equation 3 and the
solid line is the result of the present self-consistent technique.
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specifically significant due to the new developments
in the perturbation equations of state of fluids in
which both the two and three-body potential functions
are considered [21]. Also the abundance of zero
pressure thermophysical property data for different
polyatomic nonpolar fluids makes it possible to
compute readily these corresponding states parameters

through the present self-consistent technique.

NOMENCLATURE
a Kihara potential spherical core radius
A, Cocfticients in Equation 44
B, Coefficients in Equation 45
D Self-diffusion coefficient
I Molecular ionization potential
Boltzmann constant
K Thermal conductivity
m Molecular mass, coefficient in Equation 16
n Coefficient in Equation 16
N Number of molecules
p Pressure
T Intermolecular distance
T Temperature

Greek Symbols

o Molecular polarizability

o=w for Pitzer three-parameter C.S.P.

O=ar=—2=od for Kihara three-parameter C.S.P.

(c-a)
0 =v¥=-Y for Axillord-Teller potential function
c’e

Viscosity
Axillord-Teller intermolecular energy
parameter

o Pair-intermolecular length parameter
Accentric factor

Subscripts

¢ Cnitical
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1 Molecule 1, ith order term

n Number of carbon atoms in a normal alkane
01 First reference fluid

02 Second reference fluid

- Dimensionless

= Dimensionless derivative

* Dimensionless
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TABLE 1
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TABLE 2. A - Coefficients Appearing in the Correlation of Zero-Pressure Liquid Specific Volumes of Hydrocarbons
with Respect to Temperature as Shown by Equation 21

Compound A, A x10 A, x10* AXx10° A x108 %RMS. %Maximum Number of
Error Data Points
CH, 30.80 -0.025 5.859 0.000 0.000 0.001 0.019 9
CH, -80.23 3151 -255.1 67.26 0.000 0.031 0311 19
CH, 52.96 1.001 -2.637 £.121 0.000 0.001 0.014 39
n-CH, 106.1 -7.417 62.80 -20.33 2493 0.001 0.012 30
nCH, 72.94 2067 5500 L1066 0014 0001 0474 31
n-CH,, 84.63 2409 -6.679 1.295 0.000 0.002 0.150 31
n-CH, 98.98 2.248 -5.032 0.981 0.000 0.000 0.012 35
n-CH, 15.28 -3.578 26.63 -6.328 61.08 0.000 0.092 34
n-CH,, 111.8 3.702 -8.563 1.245 0.000 0.000 0.111 21
n-C H, 173.2 -2.437 21.23 -4.910 4651 0.000 0.048 21
n-C, H,, 124.7 5072 -11.62 1.493 0.000 0.000 0.147 24
n-C_H,, 1154 7.041  -16.60 1.921 0.000 0.001 0512 24
n-C H, 333.0 -15.23 73.73 -14.00 1.033 0.000 0.279 26
n-C H, 1324 7.823 -17.51 1.934 0.000 0.001 0.368 25
n-C H, 310.6 -8.747 4447 -8.091 5947 0.000 0.210 27
n-C,H,, 165.8 7271 -1491 654 0000 0000 0336 28
n-C.H, 3620  -1046 4900 8322  S7.18 0000 0224 29
n-C H, 5068 2324 9548 -1562 9932 0.001 0603 31
n-C H,, 530.1 -23.94 97.59 -15.80 99.29 0.001 0.495 32
n-C, H, 536.5 -22.98 93776 -15.05 94.00 0.000 0.449 33
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TABLE 3. B - Coefficients Appearing in the Correlation of Zero-Presure Liquid Viscosities of Hydrocarbons with

Respect to Temperature as Shown by Equation 21

Compound R, B x10®  Bx10® BxI07 BxI0” %RM.S. %Maximum Number of
Error Data Points
C‘H‘1 -2.896 -0.061 0.163 0.000 0.000 0.001 0.002 6
CH, -5.437 1.083 -0.995 0.446 0.000 0.057 0.005 19
CH, -5.692 1.621 -2.229 1.803 -0.493 0.014 0.006 31
n-CH, -5.106 1.344 -1.295 0.715 0.000 0.001 0.004 19
n-CH, -6.012 2.446 -4.940 5.667 -2.097 0.007 0.005 34
n-CH, 5280 1911 2955 2619 0000 0017 0009 34
n-C.H,, -5.418 2.149 -3.600 3.523 0.000 0.004 0.003 34
n-CH, -16.01 14.28 -54.19 96.30 -62.47 0.070 0.262 37
n-CH,, 5911 2.824 -5.630 6.286 (0.000 0.005 0.004 42
n—CWHH -8.934 6.796 -24.15 44.57 22851 0.005 0.602 42
n-C, H, 6422 3567 816l 9873 0000 0004 0.006 45
n-C_H -9.543 8.069 3138 62.56 -43.50 0.014 0.004 46
n-C H, -6.934 4.353 -11.07 14.11 0.000 0.007 0.011 49
n-C H, -1.077 4.635 -12.23 15.98 0.000 (.020 0.009 51
n-C.H, -7.446 5.147  -14.18 18.75 0.000 0.013 0.087 53
n-C H, -1.126 4938  -13.68 18.78 0.000 (.006 0.002 54
n-C_H_ -13.00 12.90 48.23 67.25 0.000 0.135 0.244 57
n-C H, -7.084 S.116 -14.68 21.03 0.000 0.014 0.021 57
n-C H,, -10.55 11.21 -53.40 128.2 -108.4 (.018 0.010 59
n-C, H,, -9.323 9.258  -41.38 96.13 -76.23 0.009 0.029 62

TABLE 4. Corresponding States Parameters of Methane and Neo-Pentane

Methane

Neo-pentane

Puizer Corresponding States Parameters[ 14]

VC: 99.5 (co/g-maole)
TC: 190.7 (°k)
w=0.013

V =303.0 (cc/g-mole)
T =433.8(°k)
w=0.195
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Kihara Corresponding States Parameters [14]

o= 3.565 (A)
g/k=227.13 (°K)
a¥= 4 - (283

ad

0=5.762 (A)
e/k=557.75 (°K)

a*= & = 0551
g

Two-and Three-Body Corresponding States Parameters

Lennard-Jones (12-6) Potential Parameters [15]

o=3.774
efk= 143 81

Three-Body Potential Parameter (See Table 7)

o= 6.520
e/k=183.02

v = 16672 x104(A. °K)

v =6982.0x 104 (A°K)
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TABLES. Valuesof V¢ ,/V¢;,Te,/Tc;, and o -», Reported in Reference 14 as Compared with the Results of the Calculations
Based on the Present Self-Consistent Approach

Ve Ve Ten/Teq w -0

Compound  Reference 14 Presen technique Reference 14 Present technique  Reference 14 Present technique

CH, 1.000 1.000 1.000 1.000 0.000 0.000

C,H, 1.487 * 1.601 * 0.092 *

CH, 2.010 * 1.940 * 0.139 *
n-CH 2.563 4213 2.230 3.088 0.188 0.513
n-CH, 3.126 5.792 2.464 4.238 0.239 0.594
n-CH 3.698 6.268 2.666 5932 0.277 0.651
n-CH, 4.281 7011 2.833 6.172 0.339 0.783

*Calculations did not converge to a meaningful solution

TABLE6. Valuesof o /G, ¢ /& ,and a” -a’ for the Kihara Potential Reported in the Literature as Compared with the Calculations
Based on the Present Self-Consistent Approach

0nllol £n/El il; - Zﬁ

Compound  Reference 18 Present technique Reference 18 Present technique  Reference 18 Present technique

CH, 1.0000 1.0000 1.0000 1.0000 0.000 0.000

CH, 0.9829 1.6731 2.1868 27672 0.076 0.699

> H, 1.2934 2.3681 2.2097 3.5530 0.187 0.927
n-CH,, 1.3231 2.7831 3.0870 3.6941 0378 1.143
n-CH, 1.4107 3.0141 3.6887 4.1046 0.535 1.536
n-CH 1.2477 ok 54502 *k 0.373 *ok

an - = dn 4
Ou-a, On-d

**Calculations did not converge to a meaning{ul solution

TABLE 7. Values of v, the Coefficient of Triple-Dipole Potential
Calculated through Equation 3

Compound o x10 2 (cm¥/mole) [ (ev) v x 10*
(Reference 19) (Reference 19) (A .°K)
CH, 2.699 12.99 166.72
C,H, 4326 11.65 615.68
CH, 6.31 11.21 1838.5
n-CH, 8.30 10.80 4031.2
n-CH, 10.00 10.55 6886.9
n-CH,, 11.81 10.48 11269,
n-CH, 13.69 10.35 17335.
n-CH,, 15.50 10.24 24892
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Table 8. Values of 5 /o, and ¢ /¢, for the Lennard-Jones (12-6) Potential Function and v, of the Triple-Dipole Potential Function
Calculated by the Present Self-Consistent Technique as Compared with the Experimental Data

c /o, £ /e, v x 107
(A.°K)
Compound experimental present experimental present experimental present
technique technique (d) technique
CH, 1.0000 1.000° 1.000 1.000° 166.72 166.72°
1.187 1.449*
CH, {1'302b 1.310 {1'35911 1.135 615.68 570.65
1.361° 1.599°
C,H, {1.424b 1.451 {1.633b 1.236 1838.5 23123
nCH, H%gb 1.572 { P 1369 40312 3568.0
nCH, ( i 1.679 { ey 1.479 6886.9 6907 8
n-C,H,, (1566 1.780 {2872 1.581 11269, 11967,
1.893 1.785°
n-CH, {2.54(}, 1.852 {1.676 1.680 17335. 16402.
nCH, [ Lo 1.938 (2225 1810 24892, 26013,
nCH, (2% 2.051 [ 1669 1.892 35050,

a) Based on the gas viscosity data (Reference 15)

b} Based on the second virial coefficient data (Reference 157
¢) Based on the gas viscosity data (Reference 20)

d) Taken from Table 7

¢) Pre-assumed values

144 - Vol. 6, No. 4, November 1993 Journal of Engineering, Islamic Republic of (ran



Table 9. Values of c /o, and E.,/Sl for the Lennard-Jones (12-6) Potential

Functionand (v - v {) for the Triple-Dipole Potential Function Calculated
through the Present Self-Consistent Approach for Normal Alkane

Hydrocarbonds

Compound o /o, € €, Un-p

CH, 1.000 1.000 0.0000

C,H, 1.310 1.135 -0.0531

C.H, 1.451 1.236 -0.0427
n-C,H,, 1.572 1.369 -0.0530
n-CH, 1.679 1.479 -0.0532
n-CH, 1.780 1.581 -0.0541
n-CH 1.852 1.680 -0.0561
n-CH, 1.938 1.810 -0.0565
n-CH,, 2.051 1.892 -0.0606
n-C H,, 2.062 1.941 -0.0610
n-C H,, 2.101 2.078 -0.0620
n-C _H, 2.148 2.142 -0.0626
n-C H, 2.180 2.201 -0.0635
n-C H 2.201 2.275 -0.0648
n-C H, 2.220 2322 -0.0651
n-C H, 2.242 2.381 -0.0661
n-C _H, 2.256 2.401 -0.0675
n-C H_ 2.271 2.405 -0.0681
n-C H,, 2.280 2481 -0.0696
n-C, H, 2.289 2.520 -0.0720

x x 9 9
Vy -V =V, /Gy En- V1 / OF £
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