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ABSTRACT

In this review, we discuss how computer simulations at molecular level can help understand the
complicated mechanics and flow behaviour of polymeric liquids. We focus, in particular, on one of the
most distinctive properties of these materials, their viscoleasticity, quantifying the irreversible
conversion of the work done for their deformation to heat loss but also their capability to store part of
this work as elastic energy. We restrict our analysis to flexible polymers in the melt state and we
describe how one can take advantage of recent advances in the field of atomistic Monte Carlo and
Molecular Dynamics simulations in order to explain their relaxation mechanisms and flow properties.
This information can be used to validate and parameterize molecular models, and to design better
constitutive equations capable of providing a reliable expression for the stress tensor in terms of the
imposed flow kinematics and certain, well-defined molecular parameters. The availability of such
constitutive equations is important in the development of large-scale numerical approaches with
predictive power, since they can help reduce the huge number of experiments typically required in
industrial applications for optimising materials or for designing new processes and processing
technologies.
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ABSTRACT

Tube models derived from the basic ideas of De Gennes and Doi & Edwards on reptation of
entangled chains have made tremendous progress in the past 30 years and have now reached a
quantitative level for the prediction of linear viscoelasticity of linear polymers. After a concise
reminder of key experimental features of dynamic moduli, we first review the fundamental ingredients
of quantitative tube models: reptation, contour length fluctuations and constraint release, as well as
some important modifications that are proving essential in difficult cases, such as the “Struglinski-
Graessley criterion” or the “constraint release Rouse” regime. The main models published since the
origin of the theory are next briefly described and compared. They can be classified in two major
categories, those derived from the Doi-Edwards theory built on the original reptation concept and those
derived from the Milner-McLeish theory, which considers linear chains as two-arms stars able to
reptate. We further review published comparisons between experimental data and model predictions for
various systems, comprising monodisperse, polydisperse and bidisperse polymers. The latter are the
most difficult to predict because they emphasize complex interactions between the relaxation
mechanisms. Hence they highlight the current limitations of the models, in particular the influence of
constraint release mechanisms on reptation and fluctuations.
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ABSTRACT

Viscoplasticity is characterized by a yield stress, below which the materials will not deform, and
above which they will deform and flow according to different constitutive relations. Viscoplastic
models include the Bingham plastic, the Herschel-Bulkley model, and the Casson model. All of these
ideal models are discontinuous. Analytical solutions exist for such models in simple flows. For general
flow fields, it is necessary to develop numerical techniques to track down yielded/unyielded regions.
This can be avoided by introducing into the models a continuation parameter, which facilitates the
solution process and produces virtually the same results as the ideal models by the right choice of its
value. This work reviews several benchmark problems of viscoplastic flows, such as entry and exit
flows from dies, flows around a sphere and a cylinder, and squeeze flows. Examples are also given for
typical processing flows of viscoplastic materials, where the extent and shape of the yielded/unyielded
regions are clearly shown.
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ABSTRACT

Star polymers with tunable number and size of arms, and thus interactions, represent ideal
model systems for exploring the regime of soft material behaviour that interpolates between hard
spheres and polymeric coils. This regime is characterized by a rich variety of properties that reflect the
combination of polymeric and colloidal features. In this review we discuss some of these properties,
and in particular the host of kinetic frustration phenomena encountered with such ultrasoft particles.
They include soft colloidal glass-like transitions (a kind of jamming), induced upon increasing volume
fraction (by heating or increasing the mass concentration), and the glass melting upon application of

thermal (depletion) forces.
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