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ABSTRACT:

Back extrusion represents one of the cheapest experimental methods to determine rheological characteristics
of studied fluids, and simultaneously minimise their disruption in comparison with conventional rotational
rheometers. This method is based on plunging a circular rod into an axisymmetrically located circular cup con-
taining the experimental sample. Formerly this method has, among other uses, been successfully applied to
determinations of parameters appearing in power-law, Bingham and Herschel-Bulkley fluids. The aim of this
contribution is to present a sufficiently simple user-friendly procedure for determining individual rheological
parameters appearing in the Vocadlo model (sometimes called the Robertson-Stiff model) - yield stress, consis-
tency parameter and flow behaviour index.

ZUSAMMENFASSUNG:

Riickextrusion stellt eine der giinstigsten experimentellen Methoden zur Bestimmung rheologischer Eigen-
schaften von Fluiden dar und minimiert gleichzeitig ihre Stérungseinfliisse im Vergleich zu konventionellen
Rotationsrheometern. Diese Methode basiert auf dem Eintauchen eines zylindrischen Stabes in eine axialsym-
metrisch befestigte runde Schale mit der Materialprobe. Diese Methode wurde schon —neben weiteren Anwen-
dungen — zur Bestimmung der Parameter von Potenzgesetz-, Bingham- und Herschel-Bulkley-Fluiden ange-
wandt. Das Ziel dieser Arbeit ist, ein ausreichend einfaches, anwenderfreundliches Verfahren zur Bestimmung
individueller rheologischer Parameter des Vocadlo-Modells (das manchmal auch Robertson-Stiff-Modell
genannt wird), d.h. FlieBpannung, Konsistenzparameter und Fliessverhaltensindex vorzustellen.

RESUME:

L'extrusion inverse est I'une des méthodes expérimentales les moins chéres utilisée pour déterminer les carac-
téristiques rhéologiques des fluides, et pour minimiser simultanément leur rupture par rapport aux rhéomeétres
rotationnels conventionnels. Cette méthode repose sur la pénétration d’une barre cylindrique dans un pot cylin-
drique placé symétriquement para rapport a I'axe de pénétration, et contenant I'’échantillon a tester. Dans le
passé, cette méthode, parmi d’autres, a été utilisée avec succés pour déterminer les paramétres des fluides en
loi de puissance, de Bingham et de Herschel-Bulkley. Le but de cette contribution est de présenter une métho-
de versatile et facile a utiliser pour déterminer les paramétres rhéologiques individuels qui apparaissent dans
le modéle de Vocadlo (parfois dénommé le modéle de Robertson-Stiff): la contrainte seuil, le paramétre de consis-
tance et I'index d’écoulement.
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1 INTRODUCTION

The present standard rheometers provide suffi-
ciently precise measurements characterising the
behavior of non-Newtonian materials. In prac-
tice, this degree of accuracy is not always neces-
sary,and methods providing relatively cheap, fast

gaps between the measuring plates. In this con-
text it is possible to name consistometer rheom-
etry (when the released volume of fluid starts to
flow due to gravity either radially (Adams consis-
tometer) or longitudinally (Bostwick consistome-
ter)) for which the relations for power-law and

and adequate measurements of rheological char-
acteristics are fully acceptable. Moreover, usage
of conventional rotational rheometers can result
in sample disruption of foods due to the narrow

© Appl. Rheol. 23 (2013) 45366

yield stress fluids were derived by Piau [1, 2], and
Piau and Debiane [3].The usage of the Adams and
Bostwick consistometers is also analysed in
Baudez et al. [4] and Perona [s5], respectively. A
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Figure 4:

Comparison of the experi-
mental data (measured by
a Haake RV-12 viscometer,
see Osorio and Steffe [30,
Figure 9]) with the Vocadlo
model (t,=8.53, n = 0.446,
K =33.68).

Table 1:

The parameters n and K
determined from the combi-
nation of individual experi-
mental runs in Osorio and

Steffe [30].

This is an

160 —

120 —

° Haake RV-12 viscometer

Shear stress, T [Pa]
o
o
I

T Vocadlo model
0

0oL |
0 5 10 15 20 25 30

Shear rate, v [s™]

5 DISCUSSION

The application of the procedure presented
above is significantly subject to the assumption
of an axisymmetrical position of the plunger
with respect to the cylindrical container. Devia-
tion from this assumption can cause non-negli-
gible errors in the prediction of the parameters
7,,Kand n. As the power-law and Bingham mod-
els are sub-cases of the Vocadlo model for 7 = o
and n =1, respectively, it is also possible to apply
the procedure presented above to these two
modelswiththe corresponding pre-settingofthe
individual parameters. As far as the authors are
aware, no explicit relation between volumetric
flow rate and pressure gradient (analogous to
Equation 23) is known for the case of the Her-
schel-Bulkley model. This implies it is not possi-
ble to apply the procedure derived above to flu-
ids obeying this model.

6 CONCLUSION

Determination of all three parameters in the
Vocadlo model with the use of a back extrusion
technique (supposing no-slip boundary condi-
tions) represents a cheap experimental method
requiring only a compression testing machine
and common commercial software enabling the
calculation of these parameters. The accuracy of
these parameters does not attain those when
sophisticated rheometers are used. Neverthe-
less, from the practical point of view, it is for
many applications fully satisfactory and, more-
over, sample disruption is substantially lower
compared with application of measuring plates
or cylinders with a narrow gap.

Run #2 #3 #q
# n=0.565 n=0.447 n=0.449
K=30.82 K=32.64 K=325
#2 n = 0.355 n=o0.41
K=37.88 K =35.91
#3 n = 0.452
K=3233
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