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PreliminaryCO
2 viscositymeasurementshavebeenperformedalonganisochorenearto the critical one.Particular

carewastakento avoidgravitationalandfrequencyeffects. Theresultsarein agreementwith the theoreticalprediction
of a divergentviscosity critical behaviour.

Near thecritical point of a classicalfluid, the theory thecharacteristicfluid relaxationratediverges.This
of critical dynamics[1—6]predictsanasymptotical effectwasprobablypresentin a previouswork [13,
divergenceof the shearviscosity~: 15], wherewe obtaineda non-divergentviscositybe-

haviour.
“ / ‘ ‘ / To avoid this seconddifficulty we recentlydevel-

~ is the so-callednormalviscosity,~ thecorrelation opeda newtype of viscosimeter[201.It allows mea-
length,q a fluid-dependentparameter,and0 auni- surementsat very low shearratein a thinhorizontal
versalexponentspanningtherange layerof a smallfluid sample.With the viscosimeter

0 054< ~< 0 065 (2~ theviscosityis obtainedby measuringthedragmoment‘ ‘ exertedby the fluid on a rotatingdisk.

Experimentson variousfluids havebeenperformed Herewe only give a schematicdescriptionof the
by severalauthors[7—15].All of them confirm the viscosimeter,sinceit wifi beextensivelydescribedelse-
existenceof an anomalousviscosity enhancement where [20]. In fig. la we showthe experimentalappa-
nearthecritical point [16—18].Howeveranaccurate ratus.Acylindricalcavity (2cm diameterand0.08 cm
experimentaltestof (1) is quite.,difficult,sincetwo height)is cut insidea massivecoppercell. A copper
effectslimit the measurementaccuracycloseto the disk (1.8 cm diameterand0.02 cm thickness)is axi-
critical point. The first one is thegravitationaleffect: ally held insidethecavity by meansof a steelpivot.
the local fluid densitymaybe very differentfrom the The pivot is solderedonthe diskandclampedbetween
averagedensityif the fluid samplehasalargevertical two rubiesfixed ontothe cell walls.The cavity is filled
thickness.To overcomethis difficulty we performed throughastainlesssteelcapillaryandsealedby anietal-
experimentswithavibratingwireviscosimeter[13,15], to-metalneedlevalve built in the cell body. Therefore
whichallows simultaneousdensityandviscosity mea- the samplefluid is entirelyconfmedinsidethe measur-
surementsin a thin layerof fluid. The secondoneis a ing cavity.
frequencyeffect [19]. If viscositymeasurementsare The disk is setinto motionby meansof eddycur-
performedat a finite frequencyonemay observea rentsinducedonthe disk itself. Two electromagnets
deviationfrom the hydrodynamicbehaviour,since (fig. la), respectivelyexcitedby simusoidalcurrents

havingthe samefrequency~( 1560Hz) but a phase
* Work sponsoredby ConsiglioNazionaledelleRicerche, differenceequalto n12,yield two magneticfields per-

Rome,Italy. pendicularto thedisksurface:

0.031-9163/83/0000—0000/s03.00© 1983 North-Holland 265



Volume98A, number5,6 PHYSICSLETTERS 24 October1983

428 -~- i I I ~ disk surfaceandthe reflectedbeamintensity is moni-
345 6

7 spot, on thedisk surface,producesa spike in the pho-
400 totransistorsignal, throughwiricli the angularvelocity* toredby a phototransistor.A small light adsorbing

-- w canbe easily measured.

8 With suchan apparatuswe are able to measurew

~ 380 - ____________________ with a maximumerrorof 0.05%.The temperatureT~
is detectedby critical opalescence.Whenopalescence
occurswe observea lower intensityof the reflected

360 beam.We assumethatT~is thetemperaturecorrespond-
ing to the minimum reflectedbeamintensity.Two

1 NTC thermistors,one at the topandthe otherat the
bottom of the cell, are usedas thermometers.The

340 -

I temperatureresolutionis about 2 X l0~°C.To oh-
30 32 34 36 38 40

tam a thermoregulation,of the sameorder as the tern-
t (°C)

peratureresolution,the cell is placedinsidea three-
Fig. 1. A. Schematicview of the measuringcell: 1 fluid inlet, stagethermostat,identical to theone describedin a
2 opticalwindow, 3 opticaldevice,4 secondarythermometer, previouspaper[15].
5 rubies,6 electromagnets,7 rotatingdisk, 8 needlevalve. 9 The viscosity can be determinedby measuringthe
main thermometer.B. Measuredviscosityversustemperature
atp = 0.4739 g/cm3. angularvelocity w, thefluid densityp and by means

of eq.(6), oncean explicit expressionfor the viscous
moment is given. r~has a simple form in two limit-

B
1 = B10 cos(2~t), B2= B20 cos(2n~t+ ~/2). (3)

1uig cases[211:

The eddycurrents,inducedon thedisk, generatea T~ nw/b, 6r b ~ b
meandrivingmoment: 71w!’(5 bar (5 <~ b. (7)

Tm = K B
10B20, (4) whereh is the gapbetweenthe disksurfacesand the

anda meandeceleratingmoment: cavity walls, and (5 = (~~/pw)lI
2is the boundarylayer

thickness.A generalanalyticalexpressionfor is
= — (K

1 B~0+ K2B~0)w. (5) notknown,while it is difficult to give a preciseesti-

In the presentexperiment(w 17 rads~)Te is matefor Tm — ro. Following a procedureextensivelyusedwith theoscillatingdiskviscosimeter[8,22—25],
negligiblewith respectto Tin [201, sothat in a station- we performedcalibrationmeasurementswith a fluid
arysituationwe have

of known densityandviscosity. The measuredw was
Tn = T~— , (6) then fitted by therelationship

where—T0 is thefrictional momentdue to thedisk n~w= Af((5), (8)
bearings,and—r,~is the viscousmoment,which is a wheref(s) is an empiricalfunction of 5:
function of w, 17, and the fluid densityp. The ratio
TO/Tm is of the orderof 3 X 10—2. Our experiment f((5) = b(l +
wasperformedatconstantexcitingcurrentamplitudes. — ~[b(1 + cS/iSo) — 112 + 2h — l}h/2

In this caseTm — T0 turns out to be aweak function
of temperatureonly, this dependencebeingessenti- (5= b0 + b1 [((5 — ~ + b2] (9)
ally due to the temperaturecoefficientof the elec- and A is proportional to T11~—- T0.
trical resistivity of copper. The calibrationhasbeenperformedwith nitrogen

The angularvelocity w and the critical temperature at 30°Cin the pressurerange 1—80 atm. The nitrogen
Tc are measuredby an optical device.A light beam, viscositydataare reproducedby (8) with a standard
emittedby a light emitterdiode,is reflectedby the deviationof 0.075%.
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The temperaturedependenceofA hasbeenmea- I I I

suredat low densities,wheref(s) is nearlyconstant
((5>b), in thetemperaturerange25—40°C.The nitro- -

gen viscositytemperaturedependencewas obtained -

by a Keyes-typeformula [22].
The calibrationprocedurewastestedin C02,by .-. ~ -

measuringtheviscosityat 3 1.63°Cin the densityrange - -

2X 10~—3X 10—1 g/cm
3 [20].Comparingourre-

sultswith thoseobtainedby Kestin et al. [25], at the .~ ~04 - -

sametemperatureandin thesamedensityrange,we - -

foundagreementwithin 0.5%.
In thepresentpaperwe reportpreliminaryCO

2 002 - -

viscositymeasurementsalongthe isochore8 = 0.4730 -

g/cm
3,asa function of temperature(fig. ib). Thecrit- I I - - I

ical temperatureturns outto be31.77°C. -4 -3 -2

The measurementswereperformedin thereduced Log C
temperaturerange 1.6 X l0~<(T — Tc)ITc <2.8 Fig. 2. Log—log plot of n/il versusthe reducedtemperature

X 10—2. The lower limit is notdue to apparatustern- = (T Tc)ITc.Theexperimentalerrorsareof thesamesize
peratureresolutionbut to thermalgradientsarising as thedots.

from thepower(~20 mW) dissipatedin the driving
electromagnets.The observedtemperaturedifferences ture dependenceof normalviscosityat p = 0.4730
betweentheupperand thelowerthermometerareof g/cm3:
theorderof 2 X iO—4 °C.To avoid largeerrorsin the 77(p,t)=324.74+0.4831t (13)
reducedtemperature,we havethenlimited its mea-
surementrange. wherei~isin pP and tin °C.

To testrelation(1) it is necessaryto know thebe- A log—log plot of rj/i~versusthereducedtempera-
haviourof the normalviscosity ~7.This canbe ex- ture � = (T — T~)/T~is shownin fig. 2. The experi-
pressedas [17]: mentalerrorsareof the samesize asthe dots.
— The experimentaldatafor � < 3.7 X 10~arewell
77(p, t) = i

10(t) + 17e(P, t) (10) fitted by

where~ois the “zero densityviscosity”, and~e the “ = B —x 14
“excessviscosity” which is a slowly varying function ?7~17 � ( )

of temperature. where
At presentour measurementsdo not yield the full = 0.0356 ±0.002, B = 0.8250±0.0014. (15)

n0 temperaturedependence.Therefore,we haveused
for it a linear dependenceas obtainedby fitting data Along the critical isochore(p~= 0.468g/cm

3)the
from otherauthors[14]. correlationlengthbehaviouris

In the investigatedtemperaturerange,we consider = ~ —~ 16

astemperatureindependent.If we makethehypo- ‘ �

thesis So at p = p~(1) maybe written:
(11) n/~(~oq)0�°~. (17)

wheren(p, t~)is theviscosity valueobtainedwith Our measurementswere performedat a densitydif-
our apparatusat the highesttemperaturet

1 (n39.5°C), feringfrom the critical oneby only 1%.Comparing
we obtain (14) to (17), wehave

fle(P) = n(p, t1) — n0(t1). (12) 0 = 0.0563, q~= 4.6X l0~cm, (18)

In this mannerwe are able to describethetempera- by using v = 0.633,~t3= 1.5 X 10_8 cm.
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