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Synopsis

In this paper we present a simple model for the shear viscosity of simple liquid
mixtures, based on the Enskog-Thorne theory. Numerical computations for the argon-
krypton system lead to very good agreement with experimental data.

1. Introduction. Available experimental data on the transport properties
of simple liquid mixtures are scarcel). Some of the results have been inter-
preted theoretically and quite good agreement is obtained, in particular,
with the predictions of the liquid transport theory of Rice and co-workers1.2).
We ask to what extent we can represent the experimentally observed
viscosity of a simple liquid system (namely, the argon-krypton mixture)
as the viscosity of a hypothetical, dense, hard-sphere fluid undergoing
independent binary collisions, as envisioned in the Thorne extension of the
Enskog theory3), with contact radial distribution functions given by the
scaled particle or Percus-Yevick (PY) theory4).

The diameters of the hypothetical hard spheres will be obtained by fitting
the experimental pure liquid shear viscosities to the Enskog theory3) with
scaled-particle or PY contact radial distribution function and solving for the
effective hard-sphere diameters o; and o2*. The effective hard-sphere
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diameter for the interaction of an Ar-Kr pair of molecules, o12, will be given
by the mean value,

o12 = (01 + 03). (1)
The predicted shear viscosity of this model is tested on the Ar-Kr mixture
experimental results of Boon and Thomaes®). The shear viscosity, u, of the
mixture can be represented by this model over the complete composition
range with a small systematic error. The difference between the calculated

value of x4 and the observed value of u is always positive and of the order
of 3-5%,.

2. Hard sphere representation of the shear viscosity. Enskog’s formula for
the shear viscosity of a fluid of dense hard spheres of diameter ¢, number
density », mass m, mass density p = nm, contact radial distribution function
¢ (o) and bp = Zmngd is3)

1
U = Hgilate {W + %bp + 0.7614 bzng{g)} (2)

where

3 5 kaT ¥
Hatate = 1 9 = ¢

In the PY theory?)

5 (3)

Using eq. (3) in eq. (2) and equating u to the known experimental values of
the shear viscosity of Ar (at 100 K)7) ** and Kr (at 100 K)7** one obtains
the effective hard sphere diameters shown in table I below:

TaerLE I

Effective hard sphere diameters

6,12 Lenard-Jones potential

Inert Effective hard =
gas sphere diameter o diameter oy energy ens/kn
in A in K
Argon 3.554 x 1078 cm 3.465 116
Krypton 4.014 x 108 cm 3.61 190

* A hypothetical hard shere fluid model which accounts for the high temperature
properties of simple liquids has also been developed by Dymond and Alder?).

** The values of the viscosity coefficients at 100 K are obtained from eq. (4) of
ref. 7, fitting the experimental data by least squares calculation,
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The discrepancy between the listed values for the diameter is larger in
the case of Kr. This may be due to the attractive well being deeper for Kr
than for Ar.

We shall calculate the shear viscosity of our effective hard sphere mixture
employing Thorne’s formula3) using the diameters listed in table I (column
1) and the experimental molar volume?) of the mixture vy, at mole fraction
x1 of Ar. In this formula subscripts 1 and 2 refer to Ar and Kr respectively,
N, is Avogadro’s number, mg = my - ms, and gq3, gea, and gy» are the
mixture contact radial distribution functions for Ar—Ar, Kr—Kr and Ar-Kr
pairs respectively.

Thus:

X1
= 3hpT | b p4
A [ 11(1—1:1)

" l+4‘!‘: Nﬁxl ,3+1 o T'cNA “ ) ( i 32
. - G' e, — _— x Feo
Tt g1197 + 15 o 1) g12(01 + 039)

Nax ma wNA(l —x
— 2i’h—l{l + = -i&-iguﬂf +11—5~—2 A{iﬂgiz(ﬂz*{" 0'2)3} %
Um Hip Um
Nall —x . m1 wNax
X {1 +1% Mé‘zeﬂ; +d— ——giafor + 62)3} 4
m Mo Um
1 —x 47 NAU -—x;)
b ol edit Bl oo snri T
o 11( = ){ + 5 e g220% +
nw :-:NAxl E
Hoh— giz(01 + 02)3} }X
mo Um
: ] Naxp \2
X [g1a(brab—y—1 — b _1)]"1 + & (mksT )*{\fml( g ) g0} +
m
Hiyma L ijl(l = xl) N‘i([ e x1}2
( 32my ) vl g12(01 + oa)* + sz ___T s
(4)
In eq. (4)
n
by =bjy+ — 5% bisis
n2 gi2
’ Ha g22
b-p-1=0b_, ,+— —¥b", ,,
St 212 1=
mmymokpT \t )
by—1= —%(—W) (o1 + 02)3,
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; mﬂgkgi'
bll = %(Sml - 3??12)( -2”;1”% ) (dl —]— O’D)

! wmakpl \! .
b—l—l = %(5”&2 ‘+‘ Sml)(m) (G'l + 02)3,
whal \t .
" =8 o S
—1-1 ( e ) 9% (5)

The scaled particle of PY theory contact radial distribution functions, to be
employed in eqs. (4) and (5), are?)

= T:NA { (— — 0103 + Uz) + §0103 — 0';}

5 ’

[1 = fum =)+ ;}],

=N oy al
14 P {rl (’3020’1 — o) — 72) + 72}

8§22 = : (6)

N : o b

[ S ot — )+ o)
Um
N N
o1 + o3 + ek {x1(0] —03) +03}0100— il {x1(0} —03)+ 03}
il . 3um__ - 6bum
N
(01—1-02)]:1 — :m * (o —Uz)+ﬂs}i|

The contact radial distributions were evaluated subject to the assumption
(3) using oy and o3 from table I and the experimental values of vy, in eq. (4),
subject to eqgs. (5) and (6) one obtains the shear viscosity values at 100 K,

Tasre 11

Comparison of experimental and computed shear viscosities of Ar—Kr mixtures

at 100 K

x¥; = mole Tm I‘exp. Meomp.

fraction of Ar in cm? in poise in poise
0 32.7661 (6.9 x 10-8) (6.9 x 10-9)
0.2 32.2380 — 5.3606 x 10-3
0.411 31.6808 3.917 x 1073 4.0488 x 102
0.6 31.1818 3.022 x 10-3 3.1438 x 103
0.8 30.6537 2.274 x 1073 2.4014 x 10-3

1.0 30.1256 (1.81 x 10-3) (1.81 x 10-9)
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shown in the last column of table II. To facilitate comparison we also list
the experimental values found by Boon and Thomaes!:3). (The values of
the experimental and computed shear viscosity coincide for x; = O, 1 since
these were employed to determine o4, 7 = 1, 2.)

The agreement between the last two columns in table II is gratifying;
the deviation in all cases being less than 59%,, but the deviation is systematic.
The computed shear viscosity values are never less than the experimental
values for this mixture. This is not astonishing since the molecules of this
mixture have a soft intermolecular force contribution and the effective
collision diameter of an unlike pair may not satisfy precisely the additivity
rule (1).
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