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Abstract:

The rheological behaviour of non-Newtonian, highly concentrated and non-transparent fluids used in industry
have so far been analysed using commercially available instruments, such as conventional rotational rheome-
ters and tube viscometers. When dealing with the prediction of non-Newtonian flows in pipes, pipe fittings and
open channels, most of the models used are empirical in nature. The fact that the fluids or slurries that are used
normally are opaque, effectively narrows down the variety of applicable in-line rheometers even further, as these
instruments are normally based on laser or visible light techniques, such as Laser Doppler Anemometry. In this
research, an Ultrasonic Velocity Profiling technique (UVP), in combination with a pressure difference (PD) mea-
surement, was tested to provide in-line measurement of rheological parameters. The main objective of this
research was to evaluate the capabilities of the UVP-PD technique for rheological characterisation of different
concentrations of non-transparent non-Newtonian slurries. Kaolin, bentonite, Carboxymethyl Cellulose (CMC)
and water solutions were used as model non-Newtonian mining slurries. Results determined by the UVP-PD
method were compared with results obtained by off-line rheometry and in-line tube viscometry. The agreement
between the UVP-PD method, tube viscometry and conventional rheometry was found to be within 15 % for all
of the highly concentrated mineral suspensions investigated over a given range of shear rates. This method, if
used in combination with a pressure difference technique (PD), has been found to have a significant potential
in the development process of new in-line rheometers for process control within the mining industry.

Zusammenfassung:

Das rheologische Verhalten nichtnewtonscher hochkonzentrierter und nichttransparenter Fluide in der indus-
triellen Produktion wurde bisher mit handelsüblichen Instrumenten wie Rotationsrheometern und Schlauch-
viskosimetern analysiert. Bei der Vorhersage nichtnewtonscher Strömungen in Rohren, Rohranschlüssen und
offenen Kanälen sind die meisten angewendeten Modelle empirischer Art. Da die normalerweise verarbeiteten
Fluide oder Schlämme trüb sind, wird die Bandbreite anwendbarer Rheometer im Produktstrom (In-Line-Rheo-
meter) noch weiter eingeschränkt, denn diese Instrumente bauen meist auf optischen Techniken auf, die mit
Laser- oder sichtbarem Licht arbeiten, wie beispielsweise die Laser-Doppler-Anemometrie. In dieser Forschungs-
arbeit wurde eine Ultraschall-Doppler-Methode (Ultrasonic Velocity Profiling – UVP) in Kombination mit einer
Druckdifferenzbestimmung (Pressure Difference – PD) getestet, um eine Messung rheologischer Parameter im
Produktstrom zu ermöglichen. Hauptziel dieser Forschungsarbeit war die Bewertung der Fähigkeiten der UVP-
PD-Technik für die rheologische Bestimmung verschiedener Konzentrationen nichttransparenter nichtnewton-
scher Schlämme. Dabei wurden Kaolin, Bentonit, Carboxymethylcellulose (CMC) und wässrige Lösungen als
Modell-Suspensionen für nichtnewtonsche Bergbauschlämme verwendet. Die mit dem UVP-PD-Verfahren
ermittelten Ergebnisse wurden mit Ergebnissen der Off-Line-Rheometrie und In-Line-Viskosimetrie verglichen.
Die festgestellte Übereinstimmung zwischen dem UVP-PD-Verfahren, der Schlauchviskosimetrie und der her-
kömmlichen Rheometrie lag innerhalb von 15 % bei allen hochkonzentrierten Mineralsuspensionen, die über
einen bestimmten Bereich von Scherraten untersucht wurden. Diese Methode, wenn sie in Kombination mit
einem Druckdifferenzbestimmungsverfahren (PD) eingesetzt wird, hat ein erhebliches Potenzial im Entwick-
lungsprozess neuer In-Line-Rheometer für die Prozesssteuerung in der Bergbauindustrie gezeigt.

Résumé:

Le comportement rhéologique des fluides non-newtoniens, à forte concentration et non transparents utilisé
dans l'industrie a jusqu'à présent été analysé en utilisant des instruments disponibles dans le commerce, com-
me des rhéomètres conventionnels à rotation et des viscosimètres à tubes. Lorsqu'il s'agit de la prédiction des
flux non-newtoniens dans des tubes, des raccords et des canaux ouverts, la pluparts des modèles utilisés est de
nature empirique. Le fait que les fluides ou les liquides utilisés sont normalement opaques, de fait restreint enco-
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5 CONCLUSIONS

The capabilities of the UVP-PD technique for the
rheological characterisation of different concen-
trations of non-Newtonian slurries have been
evaluated. Results were compared with those
obtained by off-line rheometry and in-line tube
viscometry. Concentrated Carboxymethyl Cellu-
lose (CMC) solution have been tested and rheo-
logical results determined by the UVP-PD
method agreed well within 15 % with results
measured by the tube viscometer and conven-
tional rheometer. A viscous bentonite mineral
suspension has been rheologically characterised,
using two in-line methods and one off-line
method. Results obtained from all three meth-
ods showed a 15 % agreement when compared
over the total shear rate range. The degree of
time dependence of the concentrated bentonite
mineral suspension influenced the off-line rheo-
metric results. Rheological results obtained from
all three methods for the kaolin mineral suspen-
sion agreed well over the shear rate range. In
comparison ultrasonic energy was seen to have
attenuated significantly more than the attenua-
tion in bentonite suspensions and CMC solu-
tions. However, velocity profiles required for cal-
culation of rheological parameters could still be
measured in the highest concentration of kaolin
(12 %v/v). The UVP-PD rheometric method can be
used effectively for in-line rheological character-
isation of highly concentrated mineral suspen-
sions and has been found to have significant
potential for the development of new in-line
rheometers for process control within the min-
ing and minerals industry.

6 RECOMMENDATIONS FOR FUTURE

WORK

Birkhofer [10], Wiklund [11] and Wiklund et al. [12]
optimised the UVP-PD method and contributed
significantly to the methodology for using the in-
line rheometric technique. These techniques can
be applied to improve the accuracy and quality
of results obtained when determining in-line
rheological results of mining slurries.

Flow adapter and ultrasound transducer design
As mentioned in Section 3.1, the cavity in front of
the transducer (Figure 2) influences the mea-
surement of the velocity profile due to the
increase of velocity before the actual pipe wall

interface. This problem could be reduced by the
introduction of new ultrasound transducers
incorporating a delay line. The delay line should
be fixed ahead of the transducer and in flush with
the pipe wall, thus making it possible to have the
focal point of the ultrasound beam at the wall
interface. A transducer of this kind is currently
under development [10, 11].

Demodulated Echo Amplitude (DMEA) monitoring
As explained by Birkhofer [10] and Wiklund [11],
the direct access to demodulated echo amplitude
(DMEA) data or 'raw data' allows for several
advantages during velocity profile measure-
ments. 

Pipe wall detection
As shown by Wiklund et al. [12] and Birkhofer et al.
[31], the power-law fitted rheological parameters
are sensitive to the estimated pipe wall position
measured from the front of the ultrasound trans-
ducer. Methods for wall detection based on cross-
correlation and singular value decomposition
(SVD) were successfully developed and imple-
mented by Wiklund et al. [12]. This problem can
also be reduced by the introduction of new ultra-
sound transducers, as described earlier [10, 11].

Data enhancement and analysis
Smoothing filters and methods for data en-
hancement were implemented by Wiklund et al.
[12] in order to reduce the effects of correlated
and uncorrelated noise. Results show that UVP
data can be significantly improved by the imple-
mentation of different kinds of filters. However,
one must be prudent when applying filters as
they can introduce artifacts and modify the orig-
inal data [11, 12].
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