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Abstract. This paper presents a recent procedure for reicgvehe shear flow curve in Couette rheometer ftomue-
rotational velocity data. It is the purpose herextend the previous works and to compare our ptieds in shear flow
curve recovery with previous solutions in sheae r¢termination. With this goal, synthetic and expental data of
yield stress materials in Couette system are prigsentstigated.
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INTRODUCTION

The Couette viscometer is widely used to evaluaertheology of liquids and yield stress materi@lsnverting
the experimental data generated by Couette viseyn@b material properties in the form of sheaest vs shear
rate curve is generally done following several agstiions. It requires prespecification of rheologicanstitutive
model and narrow or wide bob and cup gap approximatrom the Couette geometry system used. It $® al
necessary to calculate shear rate factors whichlarggly differ following equations used. Recentgedures have
been developed to overcome these limitations. Yebal. [1] used a regularized least-square appraadhAncey
[2] proposed a wavelet-vaguelette decomposition D)V\as a way of recovering the shear flow curve. sehe
methods are very efficient for complex fluids aniélg stress materials. In recent papers, Estellél.e{3,4]
developed a simpler procedure, based on Binghamoxipmation in shear rate calculation. This proceduas
successfully used for computing the shear flow euof simulated and real fluids in both Couette amae
geometries. It has the added advantage to overtoenproblem of a priori knowledge of yield stresdue (with
viscoplastic fluids) nor the flow regime evaluatiwithin the gap. It is the purpose, here, to extend previous
works and to compare our predictions in shear fbovwe recovery with previous methods in shear eatduation.

THEORY

The data of Couette viscometer are put in the fofra shear stress — shear rate relationships fr@&mgham
approximation in shear rate calculation Estellélef3]. The shear rate of a Bingham fluid is a bamation of two
expressions following the flow condition in the atus. It is related to the Couette geometry ando$ebrque
velocity data (M Q) from the following equations, respectively whée tylindrical gap is partially sheared (eq. 1)
[5] and fully sheared (eq. 2).
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Where s=R/ R., respectively the radius of the inner cylinder &mgl radius of the cup ; h is the height of theemn
cylinder.

The central point in this procedure is the use bé& tmaximization of the dissipation of energy
to discriminate between the partially sheared gdption and the fully shear one. This avoids a jmes knowledge

of the yield stress of the tested fluid. So, froseaies of increasing or decreasing rotationaloie;dij , the shear
rate is computed as well as the corresponding stie=ss defined aﬁzl(rj + Tj—l)’ with T, = M j /272‘1F\';)2 Lt
2

should be noted that the derivatig€) / dM is simply reduced ttﬂj - Qj_l)/(M ;M j_l). This procedure was

successfully applied for computing the shear flowve of simulated and real fluids in Couette viseten,

independently of rheological behaviour and gap Bdt was extended to vane geometry for Newtarsgicon oil,

CMC solution and Carbopol as yield stress fluide Tasults were found to agree well with those olgigiusing
torsional geometry [4]. Synthetic and experimen¢silts of yield stress materials are presentlypared to those
obtained with the Krieger solutions [6,7] and thedified mid-point (MMP) approximation [8].

APPLICATION AND COMPARATIVE RESULTS

We have considered here the same synthetic daddarsthel-Bulkley and Casson fluids we used in /3].done
in [3], the performance of our approach comparedther approximations is estimated by computingpieentage
deviation of the calculated shear rate from the shear rate at the bob which was calculated frarfltid model
assumed. In figures 1 and 2, the following she&es edlutions have been considered: the first Krieggution

y=-Q/In(s) for s> 0.83 [6], the second Krieger solutign= (2Q/n)/(1-s*'") with n=dInz,/dInQand s> 0.5
[7], and the MMP approximatiog = 2sQ /(1- s°) [8].
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FIGURE 1. Errors in calculated shear rate of Herschel-Byikligid (1;=300 Pay = 50 Pa$; n = 0.6) using different shear rate
approximation techniques for various radius rag)ss=0.96 ; (b) s=0.5.

11

50
o presentwork P+

9 + first Krieger solution 40 o presentwork

a A second Krieger solution

Nguyen & Boger

7 — MWP 30 + second Krieger solution

+
+ L
10 +
*,
0 HrHH

0 5 10 15 20 0 5 10 15 20
Shear stress / yield stress (a) Shear stress /yield stress (b)
FIGURE 2. Errors in calculated shear rate of Casson fluid100 Pan=1 Pa.s) using different shear rate approximation
techniques for various radius ratios (a) s=0.99 s€0.5.
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As a result, the following remarks can be madehwitld stress materials, as the previous compasistown,
the presently used shear rate calculation overcahgeproblem of a priori knowledge of the yieldess value nor
the flow regime identification within the gap.

Here, for narrow and moderate gaps, the sheawedtes obtained from the Bingham approximation, nvitree
fluid is fully sheared, appear to be comparable/@nbetter than the Krieger and MMP techniquesh shear rate
calculation. It should be noted that the Krieged éine Bingham approximation perform well, while anrerical
differentiation technique is used in shear ratewation, which is not involved with the MMP techoke.

In figure 3, we report the shear flow curves oDal5 wt% carbopol gel in both Couette and Vane géoase
Preparation of Carpobol and experimental detailsreparted in [4]. It is worth noting that the raslivatio s is
different following the geometry used. So, it iogm the apparent viscosity prediction of Carbopovéame and
Couette system computed from the procedure descabede, as well as the apparent viscosity curvaioéd from
the Krieger and MMP solutions in Couette geometry.

As can be seen in figure 3(a), the three techniqouepare well over the shear rate range investigat€ouette
geometry, for a narrow gap. It was checked heretti@fluid is always sheared within the gap. lbwd be noted
that this result is in agreement with parallel @lilow curve [4]. In Vane system, the MMP and tirstfKrieger
solutions perform poorly. This can be explainedadlsw: the fluid is always partially sheared dwethe large gap
used and rheological behaviour of Carbopol. MoreoWer second Krieger solution and the Bingham agipration
compare well under the plug flow condition. Thiseigplained here by the fact that the Krieger solutiends to
y = 2Q / nwhich is the exact solution for the shear rate upaetially shear flow [5].
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FIGURE 3. Shear flow curves of Carbopol (a) Couette geomstr§.92 ; (b) Vane geometry, s=0.56 .
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