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Abstract
The aim of this work is to provide DNS solutions for turbulence flows of viscoplastic-type non-Newtonian fluids and thus contribute
to gain insight into the underlying physics of the non-Newtonian turbulent flows. This knowledge may be useful, among many other
things, for developing more accurate turbulence models which describe better the implicit physics of this subject. Nevertheless, from
our point of view, few DNS solutions of viscoplastic-type non-Newtonian fluid flows have been provided with this objective, despite
the growing presence of these kind of fluids in the field of CFD simulations.

INTRODUCTION

CFD simulations for turbulent flows of viscoplastic-type non-Newtonian fluids are of special interest due to the increase
of their applications on the biomedical field, among many others. For example, cardiovascular diseases, such as stenosis
[9, 10] and aneurysm [14, 13, 12], begin to be more often dealt with this kind of computational techniques. The reason is
that, on the one hand, these computational techniques allow to analyse isolatedly the fluid dynamics from the rest of factors
with which it interacts in a non-linear way to jointly contribute to the disease evolution. On the other hand, these numer-
ical solutions can also complement the standard diagnoses of these diseases with a more accurate quantitative information.

DISCUSSION

Several authors have used specific rheological laws together with the generalized Newtonian model to analyse the flow
of non-Newtonian fluids which exhibit stresses exclusively viscous with plastic effects (viscoplastic fluids). Brent C. Bell
and Karan S. Surana [2] used a power-type rheological law to analyse the flow of some non-Newtonian fluids in differ-
ent geometrical configurations. K.A. Pericleous [8] studied the fluid flow and the heat transfer in a differentially heated
cavity using a power-type rheological law, in order to characterize the pseudoplastic and dilatant behaviour of certain non-
Newtonian fluids. M. M. Molla et al. [7] analysed the characteristics needed for a LES model in order to be conceptually
consistent with the behaviour of non-Newtonian fluids, using a Cross rheological law to describe the behaviour of a spe-
cific non-Newtonian fluid. M. Rudman et al. [11, 6] used direct numerical simulation for turbulent flow of shear-thinning
non-Newtonian fluids in a pipe to understand the transition and turbulence flow of this kind of fluids. Nevertheless, from
our point of view, few DNS solutions of viscoplastic-type non-Newtonian fluid flows have been provided, despite the
growing presence of this kind of fluids in the field of CFD simulations.

Therefore, the aim of this work is to provide DNS solutions for turbulence flows of viscoplastic-type non-Newtonian
fluids. A sudden expansion channel (SEC) [4] and a constricted rigid pipe (CRP) [1] are used as test cases, the latter being
the main test problem in which this work will focus. It is expected DNS solutions to contribute to gain insight into the
underlying physics of the non-Newtonian turbulent flows. This knowledge may be useful, among many other things, for
developing turbulence models which describe better the implicit physics of this subject. In order to achieve this objective,
manufactured solutions [3], benchmark solutions [2] and experimental results [1] are being used to verify and validate the
numerical models developed [5, 3] to deal with this kind of non-Newtonian fluids.

CONCLUSIONS

The viscoplastic behaviour of certain non-Newtonian fluids is generated from a viscous stress which has been defined by
a potential-type rheological law. In the present work, the pseudoplastic and dilatant behaviours are being studied. On this
matter, the influence of different physical aspects on the numerical simulations are being analysed, e.g. different exponent
values in the potential-type rheological law and different values of the non-dimensional numbers. Moreover, the influence
of different numerical aspects on the numerical simulations are also being analysed, e.g. mesh generation algorithms,
conservative numerical schemes and more efficient and parallel algorithms and solvers. More details about this work will
be included in the future paper.



(a) Dilatant fluid, n=1.25

(b) Newtonian fluid, n=1.0

(c) Pseudoplastic fluid, n=0.95

Figure 1: Preliminary instantaneous snapshots of the velocity field, Re=1000;
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