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Preliminary CO, viscosity measurements have been performed along an isochore near to the critical one, Particular
care was taken to avoid gravitational and frequency effects. The results are in agreement with the theoretical prediction

of a divergent viscosity critical behaviour.

Near the critical point of a classical fluid, the theory
of critical dynamics [1—6] predicts an asymptotical
divergence of the shear viscosity n:

nl7=(q%)°®, M

7 is the so-called normal viscosity, ¢ the correlation
length, ¢ a fluid-dependent parameter, and ¢ a uni-
versal exponent spanning the range

0.054 < ¢ < 0.065 . @)

Experiments on various fluids have been performed
by several authors [7—15]. All of them confirm the
existence of an anomalous viscosity enhancement
near the critical point [16—18]. However an accurate
experimental test of (1) is quite.difficult, since two
effects limit the measurement accuracy close to the
critical point. The first one is the gravitational effect:
the local fluid density may be very different from the
average density if the fluid sample has a large vertical
thickness. To overcome this difficulty we performed
experiments with a vibrating wire viscosimeter [13,15],
which allows simultaneous density and viscosity mea-
surements in a thin layer of fluid. The second one is a
frequency effect [19]. If viscosity measurements are
performed at a finite frequency one may observe a
deviation from the hydrodynamic behaviour, since
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the characteristic fluid relaxation rate diverges. This
effect was probably present in a previous work [13,
15], where we obtained a non-divergent viscosity be-
haviour.

To avoid this second difficulty we recently devel-
oped a new type of viscosimeter [20]. It allows mea-
surements at very low shear rate in a thin horizontal
layer of a small fluid sample. With the viscosimeter
the viscosity is obtained by measuring the drag moment
exerted by the fluid on a rotating disk.

Here we only give a schematic description of the
viscosimeter, since it will be extensively described else-
where [20]. In fig. 1a we show the experimental appa-
ratus. A cylindrical cavity (2 cm diameter and 0.08 ¢cm
height) is cut inside a massive copper cell. A copper
disk (1.8 cm diameter and 0.02 c¢m thickness) is axi-
ally held inside the cavity by means of a steel pivot.
The pivot is soldered on the disk and clamped between
two rubies fixed onto the cell walls. The cavity is filled
through a stainless steel capillary and sealed by a metal-
to-metal needle valve built in the cell body. Therefore
the sample fluid is entirely confined inside the measur-
ing cavity.

The disk is set into motion by means of eddy cur-
rents induced on the disk itself. Two electromagnets
(fig. 1a), respectively excited by simusoidal currents
having the same frequency »(= 1560 Hz) but a phase
difference equal to /2, yield two magnetic fields per-
pendicular to the disk surface:
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Fig. 1. A. Schematic view of the measuring cell: 1 fluid inlet,
2 optical window, 3 optical device, 4 secondary thermometer,
5 rubies, 6 electromagnets, 7 rotating disk, 8 needle valve, 9
main thermometer. B. Measured viscosity versus temperature
at p = 0.4739 g/cm3,

By =By cos(2mvt), By =By cosCmurta/2). (3)

The eddy currents, induced on the disk, generate a
mean driving moment:

Tm =K B1gByg (4)
and a mean decelerating moment:
o= —(K, B}y + K, B%) w. (5)

In the present experiment (w =~ 17 rad s~1) 7, is
negligible with respect to 7,;, [20], so that in a station-
ary situation we have

™M™ Tm — 70> (0)

where —7 is the frictional moment due to the disk
bearings, and ~Tn is the viscous moment, which is a
function of w, 1, and the fluid density p. The ratio
7o/Tpy is of the order of 3 X 10~2- Our experiment
was performed at constant exciting current amplitudes.
In this case 7, — 7 turns out to be a weak function
of temperature only, this dependence being essenti-
ally due to the temperature coefficient of the elec-
trical resistivity of copper.

The angular velocity w and the critical temperature
T, are measured by an optical device. A light beam,
emitted by a light emitter diode, is reflected by the

266

PHYSICS LETTERS

24 Qctober 1983

disk surface and the reflected beam intensity is moni-
tored by a phototransistor. A small light adsorbing
spot, on the disk surface, produces a spike in the nho-
totransistor signal, through which the angular velocity
w can be easily measured.

With such an apparatus we are able to measure w
with a maximum error of 0.05%. The temperature 7',
is detected by critical opalescence. When opalescence
occurs we observe a lower intensity of the reflected
beam. We assume that 7', is the temperature correspond-
ing to the minimum reflected beam intensity. Two
NTC thermistors, one at the top and the other at the
bottom of the cell, are used as thermometers. The
temperature resolution is about 2 X 10-5 °C. To ob-
tain a thermoregulation, of the same order as the tem-
perature resolution, the cell is placed inside a three-
stage thermostat, identical to the one described in a
previous paper [15].

The viscosity can be determined by measuring the
angular velocity w, tie fluid density p and by means
of'eq. (6), once an explicit expression for the viscous
moment 7, is given. 7, has a simple form in two limit-
ing cases [21]:

T xnwlb, for >b,

xnwld, for § Kb, (7)

where b is the gap between the disk surfaces and the
cavity walls, and § = (n/pw)l/2 is the boundary layer
thickness. A general analytical expression for 7, is
not known, while it is difficult to give a precise esti-
mate for r,,, — 7. Following a procedure extensively
used with the oscillating disk viscosimeter [8,22—25],
we performed calibration measurements with a fluid
of known density and viscosity. The measured w was
then fitted by the relationship

nw=A4/(5). (8)
where f(8) is an empirical function of §:
f(8)=b(1+58/5q)

— {[b(1+8/8p) — 1}2+2h —1}1/2,
b=by+b [(6 —6g)>+by] ), (9)
and A4 is proportional to 7, — 7.

The calibration has been performed with nitrogen
at 30°C in the pressure range 1—80 atm. The nitrogen

viscosity data are reproduced by (8) with a standard
deviation of 0.075%.
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The temperature dependence of A has been mea-
sured at low densities, where f(8) is nearly constant
(8 > b), in the temperature range 25—40°C. The nitro-
gen viscosity temperature dependence was obtained
by a Keyes-type formula [22].

The calibration procedure was tested in CO,, by
measuring the viscosity at 31.63°C in the density range
2X 1073 —3X 10-1 g/cm3 [20]. Comparing our re-
sults with those obtained by Kestin et al. [25], at the
same temperature and in the same density range, we
found agreement within 0.5%.

In the present paper we report preliminary CO,
viscosity measurements along the isochore § = 0.4730
g/em3, as a function of temperature (fig. 1b). The crit-
ical temperature turns out to be 31.77°C.

The measurements were performed in the reduced
temperature range 1.6 X 1075 <(T — T,)/T, <2.8
X 10—2. The lower limit is not due to apparatus tem-
perature resolution but to thermal gradients arising
from the power (= 20 mW) dissipated in the driving
electromagnets. The observed temperature differences
between the upper and the lower thermometer are of
the order of 2 X 10~4 °C. To avoid large errors in the
reduced temperature, we have then limited its mea-
surement range.

To test relation (1) it is necessary to know the be-
haviour of the normal viscosity 7. This can be ex-
pressed as [17]:

(e, 1) = (1) + nelp, 1), (10)

where 7 is the “zero density viscosity”, and n, the
“excess viscosity” which is a slowly varying function
of temperature.

At present our measurements do not yield the full
ng temperature dependence. Therefore, we have used
for it a linear dependence as obtained by fitting data
from other authors [14].

In the investigated temperature range, we consider
7, as temperature independent. If we make the hypo-
thesis

n(P,f1)=7_l(P,f1), (11)

where 1(p, £, ) is the viscosity value obtained with
our apparatus at the highest temperature #; (~39.5°0),
we obtain

ne(0) =n(p, 11) — no(t1) - (12)

In this manner we are able to describe the tempera-
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Fig. 2. Log—log plot of n/n versus the reduced temperature
e=(T— Tc)/ T,. The oxperimental errors are of the same size
as the dots.

ture dependence of normal viscosity at p = 0.4730
g/em3:

M(p,1)=32474+0.4831¢ (13)
where 77is in uP and ¢ in °C.

A log—log plot of /7 versus the reduced tempera-
ture € = (T — T,)/T is shown in fig. 2. The experi-
mental errors are of the same size as the dots.

The experimental data for € < 3.7 X 103 are well
fitted by

nfn=Be>, (14)
where
x=0.0356+0.002, B=0.8250%0.0014. (15

Along the critical isochore (o, = 0.468 g/cm3) the
correlation length behaviour is

E=kye™. (16)
So at p = p,, (1) may be written:
/7 = (Egq)Pe?. a7

Our measurements were performed at a density dif-
fering from the critical one by only 1%. Comparing
(14) to (17), we have

¢$=0.0563, ¢ 1=46X10"7cm, (18)
by using » = 0.633, £, = 1.5 X 10~8 cm.
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The ¢ value lies within the predicted range (2). The
g1 value may be compared with the one given by the
approximate relationship [17]:

1o~ ,87”—?X£2

N etm 47X 1077 cm. 19
T T kTp(C,—Cp (19)

As a conclusion, in the investigated temperature
range, our resuits show that CO, shear viscosity ac-
curately obeys eq. (1), thus yielding an experimental
confirmation of critical dynamics theory.

An improved version of rotating disk viscometer
is in progress, to further remove the small thermal
gradients that are still present in our apparatus, and
that prevent us from reaching smaller € values.
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