
ABSTRACT 
Due to their complex composition, cosmetic products are often shear thinning (decreasing 
viscosity  with increasing shear rate ), they may display a yield stress  (no flow for stresses 
 lower than ) and they may also be thixotropic (time evolving viscosity under constant 

solicitation, due to progressive evolution of the material structure) 1. These properties may be 
desired because they improve the end-use properties of the product, but in return can also cause 
problems during the production. While the rheology of thixotropic fluids has been fairly much 
investigated, their flow simulation was the object of only a few studies 2. The objectives of this 
work are to characterize and model the rheological behavior of evolving fluids in order to further 
simulate the flow of a thixotropic yield stress fluid. The proposed model was built from the 
regularized Herschel-Bulkley model also called bi-viscosity model. To capture the thixotropic 
effects, the consistency  was made a function of , the time-dependent structure parameter. 
This parameter is governed by 
state and transient conditions and compared with experimental data obtained from rotational 
rheometry measurements (ARG2 and ARES rheometers both from TA Instruments). 
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EXPERIMENTAL STUDY 

A commercial Nivea body lotion of density  were used in this study. The 
lotion was fed directly into the rheometers without any prior preparation. Two rotary rheometers 
equipped with parallel plate geometry (a stress-controlled rheometer ARG2 and a strain-
controlled rheometer ARES, both from TA Instruments) were used The model parameters are 
determined from experiments carried out in steady state with the ARG2 rheometer (diameter 

 and gap ), in order to get low shear rate values and to fit the critical shear 
rate (see next section). It consists in applying increasing and decreasing shear rate steps to the 
same sample. For each applied shear rate value, the rheometer records the asymptotic value of 
viscosity and stress. The thixotropic behavior was investigated in transient regime. In these tests, 
the shear rate is suddenly reduced from a high value applied during  
(preshear) to a lower value . Different values of    were applied 
for approximately . Transient measurements were performed with ARES strain controlled 
rheometer. 

REGULARIZED HERSCHEL-BULKLEY MODEL AND STRUCTURAL MODELLING 
The proposed rheological model was adapted from Herschel-Bulkley model 
 

 

 

 
(1) 

 
where  is the yield stress,  the consistence and  is the flow index. In order to avoid numerical 
issues during simulation due to tending-to-infinity viscosity, the Herschel Bulkley model was 
regularized. For the purpose of simulation, the Tanner-Milthrope regularization method was 
used. In fact, this regularization has been used in ANSYS Fluent Software to simulate yield 
stress fluids. This technique was first proposed by Tanner 5 for a Bingham fluid (see 3 for more 
information). 
We adapted this regularization to the case of a Herschel-Bulkley fluid. The viscosity is governed 
by two different functions according to the value of the shear rate. At high shear rate, the 
viscosity is that of the classical Herschel-Bulkley equation for . At low shear rate, the 
viscosity is very high but finite and a function of the applied shear rate 
 



 

(2) 

 
This bi-viscous model is continuous and so is its derivative. 
In order to capture the thixotropic effects, the Herschel-Bulkley consistency  was replaced by 
a structural consistency , where,  is the structure parameter. It assumes that 
all interactions are averaged into a single scalar  that describes the structural state of the fluid, 
and which varies from  to . These two values correspond to a completely structured state 

 and a totally unstructured state , respectively. Here,  is supposed to evolve 
 6: 

 
(3) 

with kinetic coefficients  for structure build-up and  for structure break-down. 

RESULTS AND DISCUSSION 
Equation (2) and (3) were solved both in steady state and in transient regime. The model 
parameters were obtained by fitting the model with steady state experimental data. The 
adjustment was performed with Matlab by minimizing the least square difference between the 
experimental and the predicted shear stress . As illustrated in FIGURE 1, good 
agreement was obtained between the model and the experiment. The optimal model parameters 
are listed in TABLE 1  
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