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ABSTRACT

Inthispaper, the critical and reduced properties of several real fluidssuch
asNe, N,, CO, and etc., are studied. For thisgoal, the Sutherland potential

model aﬁd the perturbed virial expansion are applied. We aso use three

P
different compressibility factors ( ok T ) and show their influenceto cal-
B

culate the reduced and critical temperatures and densities of the fluids.
According to the obtained results, it is deduced that the critical and re-
duced properties for some fluids (no all) are in good agreement with ex-
perimental data. This means that the Sutherland potential model can not
be used to determine the critical and reduced properties of any real fluids.
We al'so found that the best results can be obtained when the Sutherland
potential model has been applied with the second compressibility factor.
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INTRODUCTION

Stati stical mechani cs providesameans of deter-
mining the structure, thermodynamica properties, and
thereforethemacroscopic propertiesof thefluidsbased
oninformation about underlying forces acting between
theatomsor molecules!. Using thestatistica mechan-
icsformaism, one can explain the physical properties
of matter inbulk on thebasisof thedynamica behavior
of itsmicroscopic constituents. The scopeof thestatis-
tical mechanicsformaismisinteresting and dmost as
unlimited asthevery range of the natural phenomeng;
for in principleit isapplicableto matter in any state
whatsoevey.

An equation of state (EOS) isaformulafor de-

scribing the interconnecti on between various macro-
scopically measurable propertiesof afluidd. EOSonly
presentsthebehavior of physical statesof matter, not
the conversionfrom one stateto another. Thisequation
usudly reaesthevariousthermodynamicvariablessuch
aspressure, volume, temperature, and number of at-
omsto oneanothert,

Themost prominent useof an EOSisto predict the
state of gases and liquids. So far, many efforts have
been performed to describe equations of statessuch as
vander Wad s, Redlich-wong, Peng-Robison, virid and
etc*7. Thevirial equation of state is a standard ap-
proach used to represent experimental data of real
gases. Unlike other EOS such as the van der Waals
(whichis, at best, very approximate) and the Besttie-
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Bridgeman (whichisnow rarely used), theviriad EOS

can bederived from exact statistical mechanic theory.
Thevirid expanson of the pressureof animperfect

gasisapower seriesinthe number density(.

P 2
pkBT=1+sz+Bap + . (1)

WhereB iscdledthei thviria coefficientand pis
thenumber density. At not too high densitiesthethird
and higher order terms might be neglected. Further-
more, at high densitiesmany termsof theseriesmust be
included to obtain satisfactory accuracy, andthismeans
that many parameters have to be determined experi-
mentdly. Itisto benoted that thevirial coefficientscan
be calculated by usng anumerica method.

Fromthetheoretica point of view, thevirid expan-
sion can beused to determine an EOS when an inter-
molecular potential modd isgiven. Basicdly, theinter-
action between particlesinared fluidisvery complex.
Sincethelong, many scientistshavetriedto predict the
intermolecular potentiasinfluidsusing physicslaws.
Therefore, thevariouspotential model swere presented
to describetheinteraction between particlesin fluids.
They a sotried to formul ate the model sby thesimple
mathematical expressions. Hence, muchintermolecular
potential havediscussed®8.

After givinganintermolecular potentia mode, the
viria coefficientscan becal cul ated. Hitherto, thefirst
few virid coefficientshave been calculated for various
potential modelssuch ashard sphere, hard disk, hard-
cubemode, Lennard-Jones, square-well potentia and
redl fluidg®ty.

Itisworth mentioning that theusefulnessof thevirid
expansion hasbeen alittle broader. Thevirial expan-
sion can be employed to predict the critical and re-
duced properties of fluidd*? 13, So far, many works
have been madein studying thecritica pointsusingthe
virid expansion and different potential model§42¢1,

With respect toimportanceof virid coefficients, we
intend to calcul ate the critical and reduced tempera-
turesand dengitiesfor severa red fluids. For thisgod,
we usethe Sutherland potentia model and the perturbed
virial expansion to obtainthese properties.

Thearticleisorganized asfollows: In Sec. 2, the
Sutherland potential modd anditssecond viria coeffi-
cientispresented. In Sec. 3, cdculation method of the
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critical and reduced propertiesisbriefly described. In
Sec. 4, theresultsare shown and discussed. Finally,
theconclusionispresentedin Sec. 5.

SUTHERLAND POTENTIAL MODEL

Theinteraction betweenmoleculesnaturdly depends
on structureand shape of themolecules. For smplicity,
weshall only consider theinteraction between simple
molecules.

Thegenera form of theinteraction between atoms
or moleculescomprisesarepulsive part at short dis-
tances and attractive part at large distances. The
Sutherland potentia isoften used asan andytical rep-
resentation of theinteraction. For non-polar fluidscon-
s< of sphericd particles, the Sutherland potentia mode
can be used which may be considered asafairly suffi-
cient potentiad modd.

Inthe Sutherland potential model, the short-dis-
tance repul sion gpproximatestheinteraction asahard
core. The attractivetail is described by the conven-
tiond dipolar rtlaw. However, itisingructiveand pos-
sibleto consder agenerdization of thismodd whereby
thelong-rangeattraction isdescribed by agenerd power
r—G |aN[l, 17, 18]_

Themathematica termfor thismodd isfollowing
as

[e2]
V(r)={

—er’

r<o

2

Where the parameter y is usually taken to be 6.
Using thispotential, one can obtain the second viria
coefficient as

r>c

B(M)=—b, 3 (=)

“om! ‘my-3
Whereb,=2nc®/ 3isthehard-spheresecond viria
coefficient.

)" €)

THE CRITICALAND REDUCED TEMPERA-
TURES

The extent to which the PVT behavior of gasis
non-ideal dependsuponitsPand T. Theterm “critica
point” issometimes used to denote specifically theva
por-liquid critica point of amaterial. Thevapor-liquid
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critical point denotesthe conditionsabovewhichdis-
tinct liquid and gas phases do not exist. Thethermal
motion of the molecules preventsthem from sticking
together. We could gradual ly compressthisgasuntil it
hasattained thedensity of aliquid without it ever con-
densing™.

Tocdculatethecritica propertiesof afluid, weuse
theperturbed virid expansion. Theperturbedvirial ex-
pans on can be obta ned from expanding the compress-
ibility factor of boththefluid interest and asuitableref-
erencefluidin powersof density,

P P

=(—=)w *+ ABipi_l
pkT : g;

(4)

Where (—— ok T) isthe compressibility factor and

AB aretheresidual virial coefficients, AB =B-B ..
Thedimensionlessterms® B, aeknown andytl caly
fori=1,2,3. Theobwouschomeof referencefluidin
thiscaseishard-sphere (HS) fluid of diameter , with
thefew first virid coefficientsbeing

Bus, =0 Bpss =0.6250) B,g, = 0.2906b] (5)

To calculatethefluid critical points, weapply the
different compressibility factor instead of thefirst term
of Eq.(5) 2424,

v _, P _ 1+2n+3n°

¢v _(pkBT)rele (1_1])2 (6)
o _, P _ 14+n+1°

bc _(_pkBT)ref;Z (1-n)° (7)
s Py _Ltnen’-n’

b= T = ®

Wheren=nc*/6isthepacking fraction. Using this
method, weintend to show theinfluence of compress-
ibility factor for predicting thecritical points.

Onapressure-density diagram, thecritica pointis
aninflectionpoint. Thus, thefollowing conditionsshould
be satisfied to obtain thecritical points.

opP o°P
(%)c =0.( op° 9

Theserelations can be used to evaluate two pa-
rametersfor an equation of statein termsof thecriti-
cal properties.

The unique relationship between the compress-

), =0
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ibility factor and the reduced temperature, T and the
reduced pressure, P wasfirst recognized by van der
Waalsin 1873 and is known as the two-parameter
principleof corresponding states?3. Weintroduce new
variablesP , T, and p, asthereduced variablesthat
relate P, T, and p interms of critical constant, P, T,
and p_. Therefore, the reduced parameters are de-
finedas

T P
T =—, r=
=T P

Pc (10)

RESULTSAND DISCUSSION

Inthispart, weintend to examinethecritical and
reduced properties of several real fluidslikeNe, N,
CO, NO, and O, by usingtheaforementionedtheory in
previous section. For this purpose, we use the Egs.
(4)- (9) todeterminethecritical properties. Then, using
Eqg. (10), one can obtain the reduced propertiesof the
red fluids.

TABLE 1 showsthecritical densty for severd red
fluids using the Sutherland potential model. In this
TABLE, wehaveapplied Egs. (6)- (8) asRef1, Ref2,
and Ref 3. The obtai ned results have al so been com-

TABLE 1: Critical dendity of real fluidsobtained by usngthe
perturbed virial expansion and the Sutherland potential modedl
[usingtheEgs. (6) to (8)]. Our resultshave been compared

with experimental datal® (Exp.).

Fluid Ref(l) Ref(2 Ref(3  Exp.
Ne 00340 00325 00330 00238
N, 00128 00123 00124 00111
0, 00158 00151 00153  0.0137
Cco 00125 00120 00121 00108
NO 00148 00141 00143 00172

TABLE 2: Critical temperature of real fluidsobtained by
usingtheperturbed virial expansion and the Sutherland po-
tential model [usingtheEgs. (6) to (8)]. Our resultshavebeen

compar ed with experimental datal®! (Exp.).

Flud Ref(l) Ref(2) Ref(3)  Exp.
Ne 49.8 49.0 49.3 44.4
N, 130.1 128.1 1286  126.2
0, 160.2 157.5 1583  154.6
co 140.2 138.0 1385 1329
NO 165.4 168.4 1663  180.2
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Figurel: Reduced temper atureasafunction of reduced den-
sity for Ne[using the Ref2].
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Figure3: ThesameasFigure 1, but for O,

pared with experimental data®?. In regard to there-
sultsreportedinthisTABLE, it isdeduced that the best
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Figure5: ThesameasFigurel, but for NO.

vauesfor critical density can beobtained using refer-
encefluid 2[Eq. (7)]. Itisworth mentioning that we
have ca culated thecritica dendity for someother fluids
suchasHe, Water, CH,, and etc. The obtained results
for thosefluidswerenot good. Therefore, wehave not
presented our resultsinthe present work. It isobserved
from TABLE 1 that the Sutherland potentia with suffi-
cient compressibility can be applied to predict critical
density of somered fluids.

INTABLE 2, we have presented the critical tem-
peraturesfor severd red fluidsusing Sutherland poten-
tid model. Theresultsobtained using thedifferent com-
pressibility [Eq. (6) to (8)] asRef1, Ref2, and Ref3. It
isseenfromthe TABLE that the best valuesfor critical
temperaturescan beobtained usng Ref2[Eq. (7)]. This
showsthat the Sutherland potential model can predict
thecritica temperatureof somered fluids.
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To better understanding, we have plotted several
Figuresfor reduced properties. Figures 1 to 5 show
thereduced temperature asafunction of reduced den-
sity for several redl fluids, Ne, N, O,, CO, and NO,
respectively. Inall Figures, we have used Eq. (7) for
compressibility factor. Because, inthecritical proper-
ties, we have obtained the better resultsusing Eq. (7)

Itisseenfromthe Figuresthat, the obtained results
for O, and NO arein good agreement with experimental
data. For other fluids, the obtained resultsareinfairly
agreement with experimentd data It isdeduced that the
intermol ecul ar interaction between thepartidesin O, and
NO areintheform of Sutherland potentid. Ingeneral,
the Sutherland potentia can be used for thereal fluids
whichareappliedinthispresent work. At futurestudies,
weintend to consider other termsin Eq. (4) and also
other potential model to obtain thecritical and reduced
propertiesof real polar and non-polar fluids.

CONCLUSION

In the present work, we have used the perturbed
viria expansion and the Sutherland potential model to
caculatethecritical and reduced propertiesof severa
non-polar red fluids. The paper includestwo parts. In
thefirst part, we changed the compressibility factor in
theperturbedvirid expanson. Wehaveapplied thevari-
ouscompressibility factorsand studieditsinfluenceon
critical propertiesof several rea non-polar fluids. In
second part, we have cal cul ated the reduced density
and temperature using the Sutherland potential. Inre-
gard to the results obtained in the present work, it is
deduced that: i) thecritica denstiesobtained usingthe
Sutherland potentia with Ref2 havebeenimproved with
respect to experimental data. ii) Thecritica tempera-
tures obtai ned with the Sutherland potentia with Ref2
have beenimproved with respect to experimental data.
iii) The Sutherland potentia issufficient model to pre-
dict thecritical and reduced propertiesof fluidswhich
areappliedinthe present work. iv) Thereduced prop-
ertiesfor O, and NO arein good agreement with ex-
perimenta data. But, for other fluids, theresultsarein
fairly agreement with availabledata.
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