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ABSTRACT:

This paper provides a new model to evaluate the yield stress of suspensions, slurries or pastes, based on the
release of a finite volume of material onto a horizontal surface. Considering the height (h) and the radius (R) of
the sample at the flow stoppage, two asymptotic regimes, where h > Ror h <R, lead to different analytical mod-
els that allow the determination of yield stress. Experimental observations show typical sample shape at stop-
page between slump (h > R) and spread (h < R). Based on these observations, we have developed a new analyt-
ical model to evaluate accurately the yield stress of materials in this intermediate regime. The validity of this
model was evaluated from data obtained using various Carbopol® dispersions. The yield stress measured with
the proposed model was compared with the yield stress evaluated from shear flow curves obtained with rough-
ened plate/plate geometry fitted to the Herschel-Bulkley model. Results show the relevance of the proposed
model which that can be applied in the range between models used for the two asymptotic regimes.

ZUSAMMENFASSUNG:

Diese Veroffentlichung stellt ein neues Modell zur Bestimmung der FlieBgrenze von Suspensionen, Schlammen
und Pasten aus Daten der Ausbreitungsmessungen vor. Basierend auf der Hohe h und Radius R der Probe am
Ende der Ausbreitungsmessung existieren fir zwei asymptotischen Bereiche, h > R und h < R, jeweils analyti-
sche Losungen zur Berechnung der FlieRgrenze. Experimentelle Beobachtungen zeigen zwei typische Haufen-
formen zwischen Ausbreitung (h < R) und teilweise kollabiertem Zylinder (h > R). Basierend aus diesen Beob-
achtungen ist ein neues analytisches Modell fir den Ubergangsbereich entwickelt worden. Die Validierung des
Modells wurde mit verschiedenen Carbopol® Suspensionen durchgefiihrt. Die so ermittelte FlieRgrenze wurde
dann mit der aus FlieBkurven gemessenen und ans Herschel-Bulkley Modell angepassten FlieRgrenze vergli-
chen. Die Ergebnisse zeigen, dass das vorgeschlagene Model gut fiir den Ubergangsbereich zwischen den bei-
den asymptotischen Bereichen verwendet werden kann.

RESUME:

Cetarticle présente un nouveau modéle d’évaluation du seuil de mise en écoulement pour des fluides complexes
tel que des suspensions, pates ou coulis. Nous proposons d’évaluer le seuil par un essai d’écoulement libre du
matériau sur une surface plane. Actuellement, deux principaux régimes d’écoulement amenant a deux solu-
tions distinctes sont considérés en prenant en compte la hauteur h et le rayon R du matériau a I'arrét (h > R ou
h <R).Nous avons observé un régime intermédiaire d’écoulement, entre le régime d’affaissement (slump), carac-
térisée par h > R et le régime d’étalement (spread) ou h < R. De ce fait, nous proposons un modéle analytique
conduisant a une solution unique pour évaluer le seuil de mise en écoulement. Le modéle est validé en compa-
rant les résultats obtenus sur différents gels de Carbopol®. Les seuils évalués par étalement sont comparés aux
seuils de mise en écoulement évalués en adaptant le modeéle d’Herschel-Bulkley sur les courbes d’écoulement
obtenus avec un rhéomeétre équipé d’'une géométrie plan-plan rugueuse. Les résultats du modéle sont trés per-
tinents, assurant une continuité de I'interprétation entre les deux régimes asymptotiques.
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4.5 MODEL VALIDATION

As shown in Figure 7 and mentioned above, the
yield stress values of the suspensions vary be-
tween 5 and 100 Pa depending on the water con-
tent of the Carbopol® suspension. These values
are compared with the yield stress values ob-
tained fromthe spreading measurementandcal-
culated with Equation (26), as set out in Figure 7.
For comparison purpose, the solution of the
asymptotic spread regime (Equation 17) and
slump regime (Equation 10) are also reported in
Figure 7.

In the yield stress range of 18 to 100 Pa, we
observe a lower prediction of theyield stress with
our model, which provided a better correlation
with the values of yield stress evaluated from the
shear flow data. Therefore, in the regime be-
tween slump and spread, the proposed model,
whichtakesintoaccounttheoriginal shapeatthe
end of the flow, ensures a precise prediction of
theyield stress. Below yield stress values of 18 Pa,
the material is mainly in spread regime and the
hat’s height is low. Consequently, Roussel’s mod-
el [8] (Equation 17) is well adapted to predicting
yield stress. For yield stress value close to 100 Pa,
it is noted that our model yields a value close to
the solution of Equation 10, which corresponds to
the elongational regime [8]. Above 100 Pa, the
release of the suspensions tends towards a slump
flow. It is worth noting that a change of mould
geometry can affect the limits of the yield stress
range linked to intermediate flow currently ob-
tained.

5 CONCLUSION

It has been noted that ayield stress material flow-
ing on a horizontal plane surface is not necessar-
ily characteristic of a spread regime (R > h) or a
slump regime (R < h) and can lead to an interme-
diate flow range between these two asymptotic
regimes. Consequently, a new analytical model
was developed to allow the determination of
yield stressinthisintermediate regime. The valid-
ity of the proposed model was assessed using
Carbopol® dispersions. For the mould geometry
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used and in the yield stress range 20 to 100 Pa,
the developed model for an intermediate flow
leads to a reliable prediction of yield stress when
compared to shear flow data.
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