
 

Interfaces between two fluids can 
become structured as surface active 
materials accumulate, and display a 
structure whose response to deformations 
entails a surface rheological responses. 
Surface rheology enters many problems of 
materials design and engineering, as a 
boundary condition to fluid mechanical 
problems.  Interfacial rheology is relevant in 
areas as diverse as oil field engineering, 
food science and technology, polymer 
engineering and there are several biomedical 
applications.  

Unlike bulk fluids, interfaces are 
however compressible and can change their 
composition by exchange with the 
surrounding bulk phases. This entails that 
engineering the response of complex fluid-
fluid interfaces on the one hand necessitates 
a more elaborate characterization and 
description of the response, but with a more 
positive outlook on life one can argue that 
there are several ways to engineer the 
interface to impart stability against a 
hydrodynamic destabilization.  We will 
review the measurement strategies and 
devices to be used.  

For monolayers, selected applications 
will include the stability of lung surfactant 
replacements1 and engineering the response 
of particle laden interfaces exploiting shape 
our particle roughness2-4. The rheological 
properties and structure of non-spherical 
particles will be addressed.  

We will also address a challenge where 
we try to understand the rheological 
properties of minimal model biomembranes. 
Existing methods to fabricate free-standing 
model membranes currently have significant 
limitations. Bilayer sizes are often tens of 
micrometers, decoupling curvature or 
substrate effects, orthogonal control over 
tension, and solvent exchange combined 
with microscopy techniques is not possible, 
which restricts the studies that can be 
performed. Here, we describe a versatile 
platform to generate free standing, planar, 
phospholipid bilayers with millimeter scale 
areas, with some first steps in membrane 
rheology5. 
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ABSTRACT
A high sensitivity system for capillary
rheometry capable of simultaneously de-
tecting the onset and propagation of insta-
bilities and the first normal stress differ-
ence during polymer melt extrusion flows
is here presented. The main goals of the
study are to analyse the nonlinear dynam-
ics of extrusion instabilities and to deter-
mine the first normal stress difference in
the presence of an induced streamline cur-
vature via the so-called ’hole effect’. An
overview of the system, general analysis
principles, preliminary results and overall
framework are herein discussed.

INTRODUCTION
Capillary rheometry is the preferred
rheological characterisation method for
pressure-driven processing applications,
e.g. extrusion, injection moulding. The
main reason is that capillary rheometry is
the only method of probing material rheo-
logical properties in processing-like condi-
tions, i.e. high shear rate, nonlinear vis-
coelastic regime, albeit in a controlled
environment and using a comparatively
small amount of material.1 Thus, it is
of paramount importance to develop new
techniques to enhance capillary rheome-
ters for a more comprehensive probing of
material properties. Extrusion alone ac-
counts for the processing of approximately
35% of the worldwide production of plas-
tics, currently 280⇥ 106 tons (Plastics Eu-
rope, 2014). This makes it the most im-
portant single polymer processing opera-

tion for the industry and can be found in
a variety of forms in many manufacturing
operations. Extrusion throughput is lim-
ited by the onset of instabilities, i.e. prod-
uct defects. Comprehensive reviews on the
subject of polymer melt extrusion insta-
bilities can be found elsewhere.4,6 A re-
cent method proposed for the detection
and analysis of these instabilities is that of
a high sensitivity in-situ mechanical pres-
sure instability detection system for cap-
illary rheometry.8,10 The system consists
of high sensitivity piezoelectric transducers
placed along the extrusion slit die. In this
way all instability types detectable, thus
opening new means of scientific inquiry. As
a result, new insights into the nonlinear dy-
namics of the flow have been provided.9,14

Moreover, the possibility of investigating
the reconstructed nonlinear dynamics was
considered, whereby a reconstructed phase
space is an embedding of the original phase
space.2,14 It was shown that a positive Lya-
punov exponent was detected for the pri-
mary and secondary instabilities in lin-
ear and linear low density polyethylenes,
LDPE and LLDPE,.14 Furthermore, it was
determined that Lyapunov exponents are
sensitive to the changes in flow regime and
behave qualitatively different for the iden-
tified transition sequences.14 It was also
shown that it is possible to transfer the
high sensitivity instability detection sys-
tem to lab-sized extruders for inline ad-
vanced processing control and quality con-
trol systems.13

A very recent possibility considered
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