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ABSTRACT:

The objective of this work is to study quantitatively the errors introduced by the standard Newtonian and power-law
assumptions used in the determination of the material properties of viscoplastic fluids from circular Couette experi-
ments. The steady-state circular Couette flow of a Herschel-Bulkley fluid is solved assuming that the inner cylinder is
rotating at constant speed while the outer one is fixed. Analytical solutions are presented for certain values of the
power-law exponent. Itis shown that the error in the computed wall shear rate, which is insignificant when the diam-
eter ratio is closed to unity, may grow large depending on the diameter ratio and the material parameters.

ZUSAMMENFASSUNG:

Ziel dieser Arbeit ist eine quantitative Untersuchung der Fehler, die in die Ermittlung der Materialeigenschaften vis-
coplastischer Fliissigkeiten in Rotations-Couette Experimenten durch die liblichen Newtonschen und Potenz-
gesetzannahmen eingefiihrt werden. Der stationare Rotations-Couette-Fluss einer Herschel-Bulkley Fliissigkeit wird
gelést unter der Annahme, dass der innere Zylinder sich mit konstanter Geschwindigkeit dreht, wihrend der Aussere
ruht. Fiir bestimmte Werte des Exponenten im Potenzgesetz werden analytische Losungen angegeben. Es wird
gezeigt, dass der bei Durchmesserverhaltnissen nahe Eins bedeutungslose Fehler in der berechneten Wandscherrate
in Abhangigkeit vom Durchmesserverhaltnis und den Materialkonstanten groBe Werte annehmen kann.

RESUME:

L'objectif de ce travail est d’étudier quantitativement les erreurs présentées par les suppositions ordinaires newtoni-
ennes et de loi de puissance faites pour la détermination des propriétés matérielles des fluides viscoplastiques des
expériences circulaires de Couette. L'écoulement permanent de Couette circulaire d'un fluide de Herschel-Bulkley est
résolu supposant que le cylindre intérieur tourne a la vitesse constante tandis que le cylindre extérieur est fixe. Des
solutions analytiques sont présentées pour certaines valeurs de I'indice de loi de puissance. On montre que I'erreur
du taux de cisaillement calculé au paroi, qui est insignifiant quand le rapport de diamétre est proche de 'unité, peut
se développer grande selon le rapport de diametre et les paramétres matériels.
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1 INTRODUCTION

Circular Couette flow is a standard, widely used
viscometric flow for many fluids including mate-
rials with yield stress, such as paints, cosmetics,
drilling fluids and aqueous bentonite suspen-
sions [1], liquid foods [2, 3], granular suspensions
[4], cement paste and fresh concrete [5], and
semisolid metal slurries [6]. An interesting arti-

Converting torque measurements in a Cou-
ette rheometer to flow curve data, i.e. to the
shear stress versus shear rate plot, is aniill-posed
inverse problem, known as Couette inverse prob-
lem, which becomes more complicated in the
case of fluids with yield stress, due to the possi-
ble existence of an unsheared region at the fixed
cylinder [9]. In the past three decades, the issue

cle discussing the origins of Couette rheometry
has been recently published by Dontula et al. [7].
Macosko [8] discusses the underlying assump-
tions as well as the possible sources of error, such
as end effects, wall slip, eccentricities, and vis-
cous heating.
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ofthe correctdetermination of the shearrate has
been addressed by various investigators, who
proposed some procedures to overcome certain
limitations. A nice review including early works
on the subject is provided by Estellé et al. [3]. It
should be noted that for the characterization of
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Figure 6. Results for Herschel-Bulkley flow (n=0.5) with R,/R;=1.2: (a) Wall shear rate
ratio, y, /7, , calculated from Egs. (53) and (33). The dotted line shows the critical
Bingham (Bn®"=9.658) number above which the fluid is partially yielded. (b) Velocity
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Figure 7. Results for Herschel-Bulkley flow (n=0.5) with R,/R;=1.05: (a) Wall shear rate
ratio, y, /7, , calculated from Egs. (53) and (33). The dotted line shows the critical
Bingham (Bn“"'=77.45) number above which the fluid is partially yielded. (b) Velocity
profiles in both the fully- and partially-yielded regimes.
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