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Abstract:
Rheological measurements in response to transient shear rate exhibit coupling effects between mechanical
characteristics of rheometer and unsteady (thixotropic and viscoelastic) properties of fluid. This coupling is
observed if the characteristic times of the latter lie in the range of those associated to mechanical properties of
the apparatus. Damped oscillations observed in the stress relaxation curves obtained with some standard oils
submitted to stress steps are an example of this type of anomalous responses. This work introduces a new
method of standardization for a low shear rate rheometer (Contraves LS40) under unsteady flow conditions.
This “standardization under transient conditions” is developed in order to obtain a correct interpretation of
unsteady measurements performed on elastic and thixotropic fluids, hence to permit modelling of the latter. A
second order differential operator is supposed capable to describe the fluid-rheometer coupling. A series of mea-
surements on standard silicone oils, which include electromechanical characteristics of the instrument, allow
us to determine the parameters involved in this operator. Then, a preliminary test of this method is performed
on a typical system (Red Blood Cell suspension with Dextran) which presents viscoelastic and thixotropic behav-
ior.

Zusammenfassung:
Die rheologischen  Antwortfunktionen bei einem Spannversuch zeigen Kopplungseffekte zwischen den mecha-
nischen Charakteristika des Rheometers und den instationären (thixotropen und viskoelastischen) Eigenschaf-
ten des untersuchten Fluids. Diese Kopplung wird dann beobachtet, wenn die charakteristischen Zeitskalen der
instationären Fluideigenschaften im Bereich der charakteristischen Zeitskalen der mechanischen Eigenschaf-
ten des Messapparates liegen. Die gedämpften Oszillationen, welche in den Spannungsrelaxationskurven von
Standardölen unter Spannversuchen beobachtet wurden, sind ein Beispiel dieser anomalen Antwortfunktion.
Diese Arbeit stellt eine neue Methode zur Standardisierung für ein schubspannungskontrolliertes Rheometer
(Contraves LS40) unter instationären Fliessbedingungen vor. Diese Standardisierung bei instationären Flies-
sbedingungen ermöglicht eine korrekte Interpretation von instationären Messungen an elastischen und
thixotropen Fluiden und somit die Modellierung dieser Flüssigkeiten. Es wird angenommen, dass sich die Fluid-
Rheometer Kopplung mit einem Differentialoperator zweiter Ordnung beschreiben lässt. Mit einer Reihe von
Standardsilikonölen, welche auf die elektromechanische Eigenschaften des Rheometers abgestimmt sind, wer-
den die Parameter in diesem Operator bestimmt. Im Anschluss wird dieser Methode an einem typischen System
(Suspension roter Blutkörperchen mit Dextran), welches viskoelastisches und thixotropes Verhalten zeigt, gete-
stet.

Résumé:
Les mesures rhéologiques en réponse à des échelons de cisaillement montrent l’effet de couplage entre les car-
actéristiques mécaniques du rhéomètre et les propriétés instationnaires (thixotropiques et viscoélastiques) du
fluide. On peut observer ce couplage si les temps caractéristiques du fluide se situent dans le domaine de ceux
associés aux propriétés mécaniques de l’appareillage. Les oscillations amorties que montrent les mesures à
cisaillement imposé sur des huiles étalon sont un exemple de ce type de réponses. La présente étude concerne
le développement d’une méthode d’étalonnage en régime d’écoulement instationnaire applicable à un
rhéomètre à cisaillement imposé (Contraves LS40). Le but de cet “étalonnage dynamique” est de corriger les
mesures instationnaires obtenues pour des fluides élastiques et thixotropes et ainsi d’en permettre la modéli-
sation. Un opérateur différentiel du second ordre est supposé décrire le couplage fluide-rhéomètre. Une série
de mesures effectuées sur des huiles étalons de silicone ont mis en évidence les caractéristiques électromé-
caniques du rhéomètre et ont permis de déterminer les paramètres de l’opérateur. Des essais préliminaires de
cette méthode ont été effectués sur un système présentant un comportement viscoélastique et thixotrope (sus-
pensions de globules rouges en présence de Dextranes).
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ed to the measuring head characteristics. The
validity of the proposed method has been
checked on standard oils in order to confirm the
possibility of using this operator for analyzing, at
least approximately, the stress response in the
presence of inertial effects. It has been shown
that the method could be extended to rheologi-
cal characterization of non-Newtonian (“thixo-
elastic”) fluids. Examples of predictions of shear
stress versus time variation using a thixo-elastic
model taking this standardization into account
have been satisfactorily compared to three
experimental data on washed red blood cell sus-
pensions in presence of thixotropy. Data model-
ing of RBC suspensions for different shear rates
and different levels of thixotropy will be dis-
cussed in a forthcoming publication.
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APPENDIX A: NUMERICAL INTEGRATION OF THE
EQUATION OF MOTION
Numerical resolution of the equation of motion

allows us to obtain the
variable q(t). Knowing that

α θ θ θd
dt

D d
dt
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2 0+ + =

This procedure leads to determine the elastic
modulus, G, the mean relaxation time charac-
terizing the aggregate formation, tA = kA-1, and
the retardation time, tR. In order to test the
method we discuss next the results of red blood
cell suspensions. These measurements concern
suspension of washed red blood cells in salt solu-
tion with addition of Dextran (molecular weight
Mw = 72200, concentration c = 3%) where the
presence of aggregation is due to this Dextran
addition and leads to thixotropic behavior. The
measurements were performed at constant
hematocrit ( = 45%) close to the RBC volume frac-
tion and constant temperature (20°C). The mod-
eling of the thixo-elastic behavior requires the
knowledge of the steady parameters, h0, h∞, p,
and g· c, that are directly obtained by flow mea-
surements (see Fig. 10) and the unsteady vari-
ables kA (or kD), G and tR that are the only free
parameters. Results of the data fitting are repre-
sented in Fig. 11 and show a very good agreement
between the model and the experimental data.
The variation of the unsteady parameters for dif-
ferent shear rates and different levels of
thixotropy will be discussed in a forthcoming
publication.

6 CONCLUSION AND PERSPECTIVES
In the case of shear rate controlled rotating
rheometers a phenomenological differential
equation was used to describe the bob’s move-
ment. A “standardization under transient condi-
tions” for transient shear stress measurements,
which includes the main (electromechanical)
part of the fluid-bob coupling is determined from
a series of measurements on standard silicone
oils. In spite of its approximate character the pro-
posed method gives satisfactory predictions of
the transient responses of the shear rate con-
trolled rheometer. In fact, the method consists in
determining the transfer function of the appara-
tus described by a second order differential oper-
ator equivalent to that involved in the pure
mechanical case, but with coefficients which
have an electromechanical origin directly relat-
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Figure 10 (left): Steady vis-
cosity versus shear rate and

model curve calculated with
Eq. 5 for suspension of

washed Red Blood Cells in
3% Dextran solution

(ho = 633mPas,
h• = 6 mPas,

g· c = 9.5 s-1, p = 0.43 ).

Figure 11 (right): Shear stress
versus time and model

curves calculated with Eq. 6
for suspension of washed

Red Blood Cells in 3% Dex-
tran solution (s1 = 3;

g· = 0.3s-1: kA = 1.5 s-1;
G = 8 mPa; tR = 4.2 s;

g· = 0.5s-1: kA = 4.3 s-1;
G = 8 mPa; tR = 4.9 s;

g· = 0.6s-1: kA = 6.5 s-1;
G = 8 mPa; tR = 6.7 s).
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In terms of shear deformation, g , we write the
equation of motion as follows:

where gn-1 = Fg· qn-1, gn-2 = Fg· qn-2, and gn = Fg·

qn.The numerical resolution of this equation
requires to leave free the three electromechani-
cal parameters a, D, E, and two “initial” condi-
tions gn-1 and gn-2. The values of the electro-
mechanical parameters are reported on Table 1
and discussed in section 4. The two initial values
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are found roughly equal, for each step, which can
be explained by the fact that they correspond to
the imposed steady state at g· = 10-2 s-1 reached
before each measurement.

APPENDIX B: TECHNICAL DATA
The geometry used in this study is a system of
coaxial cylinders has the dimensions R1 = 6 mm,
R2 = 6.5 mm, h = 18 mm, heff = 19.8 mm (effective
height: taking end effects into account), Fs
0.207*106 m-3, Fg· = 12.52, and I = 0.57*10-6 kgm2

where Fs = shear stress / torque = and

Fg· = shear rate / angular velocity = . The
measurement of torque is done through an
angular compensation, with a sensitivity control
which gives the maximum torque measured for
each sensitivity. The maxima are given in Table 2.
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Table 2: Values of maxi-
mum torque measured for
each sensitifity.

Sensitivity    1 2 3 4 5

Maximum torque (µNm)  0.016 0.08 0.4 2 10

Maximum shear stress (Pa) 0.003 0.016 0.083 0.414 2.068
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