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ABSTRACT 
Prior to study mixing via the temporal evolution of 

passive scalars, the authors attempt to isolate the key 
mechanisms to stir flows of controlled geometries. The 
stretching properties of these flows are studied using a strain 
rate approach. The folding and lamination rate properties 
are them quantified and explored using a new approach 
proposed by (Rossi 2009) which is based on the spatial 
variation of the Lagrangian angular velocity. The main 
emphasis of this paper is set on the determination of folding 
and lamination rate of multi- and one-scale flows using this 
novel approach. Such results are complemented by the 
description of these flows, including: visualisations, 
velocity, acceleration and strain rate fields. This 
quantification of folding and lamination rates is found to 
highlight subtle and important flow properties for both 
multi- and one-scale flows. It permits to identify scales and 
rates of lamination. Also, the good agreement between 
visualisation based on the deformation of a mesh and 
Lagrangian averaging of folding and lamination rate 
intensity is striking. This is extremely encouraging to pursue 
the exploration of this laminating approach and its offspring 
for mixing studies in complex flows. 

INTRODUCTION 
Mixing is a crucial process in a broad range of flows, 

ranging from geophysical flows to micro-flows. Large- 
scale examples are combustors and chemical reactors in 
which controlled mixing is required to improve efficiency. 
For those large and intermediate-scale apparatus, the 
Reynolds number is high enough for the flow to develop 
natural turbulence which is usually considered as a good 
mixer. As the scale reduces, so does the Reynolds number. 
For micro-applications, where the Reynolds number is of 
the order of unity, the flow is laminar. The main challenge 
hence remains in enhancing mixing by mimicking the 
stirring mechanisms (e.g. stretching and folding) of large-
scale mixers, i.e. trying to recover a pseudo turbulent 
stirring using an ordered stirrer, while minimizing the 
energy input. Recent works by the authors have addressed 
some of those challenges by generating a new class of 
multi-scale laminar flow controlled by multi-scale 
electromagnetic forcing. The particular arrangement of the 
magnets leads to interesting turbulent-like properties. We 
briefly mention few of them hereafter. i) The flow exhibits a 
power-law energy spectrum E(k)~k−p, with the exponent p = 
2.5 prescribed by this arrangement (Hascoet et al 2008; 
Rossi et al 2006a). This value of p is different from 2D 

turbulent flows forced at small scales (p = 5/3) or large-
scale (p = 3) (Tabeling 2002). ii) A Richardson-like 
diffusion (Richardson 1926), driven by the multi-scale 
distribution of high stretching regions, with the mean square 
separation of pairs of fluid element evolving like Δଶ~tଷ 
once all scales are distinct and ordered, (Rossi et al 2006b). 
Recently, the authors have used numerical simulations 
based on 3D DNS to analyze the driving mechanism of 
these flows, (Lardeau et al 2008). Noticeably, they have 
shown the interlaced action of forcing and pressure terms to 
generate and transfer momentum and also the importance of 
the discretisation of the shallow layer of brine along the 
wall normal direction to properly simulate the shear and the 
electromagnetic forces. Other 3D numerical approaches can 
be found in (Akkermans et al 2008; Kenjeres 2008; 
Kenjeres et al 2009). 

It is well known that combinations of stretching and 
folding can produce exponential growth of interfaces as 
illustrated by the baker process discussed by Reynolds in 
1893 (Reynolds 1893). Such approach is mainly explored in 
low Reynolds number flows whilst this mechanism should 
also occurs in turbulent flows, for example during 
topological changes. This may be due to the absence of 
accepted definitions to characterise the lamination within 
flows. A new mechanism to explore folding and lamination 
rate has recently been proposed (Rossi 2009). Such 
definition permits to identify and quantify lamination rates 
and can then be applied to canonical flows with controlled 
geometry and acceleration. Consequently, the authors 
design low Reynolds number complex flows to control 
changes in the flows geometry/topology and investigate the 
stirring properties of basic building blocks (Rossi et al 
2009). The dynamic control of these building blocks is 
intended to design, in space and time, complex flows with 
different properties, such as for instance, the transition from 
cat’s eyes (figure of height) to “single eddy”. To this aim, 
the geometry of the flow is designed and controlled by 
varying the geometry of the forcing. 

The first part of this paper briefly introduces the 
principles of the generation of these flows driven by 
electromagnetic forcing, their realisation, measure and 
simulation. In the second part of this paper, the geometry of 
these flows is briefly illustrated via visualisations 
complemented by both velocity and Lagrangian acceleration 
fields. Then the stirring properties of these flows are 
explored and the quantification of lamination rates proposed 
by (Rossi 2009) is applied to multi- and one-scale flows. 
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