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Mixing in a Laminar Flow
Periodic points determine the mixing efficiency in lam-
inar flows. In the neighbourhood of periodic points a
very efficient (stretching and folding) mixing mecha-
nism occurs: the bakers transformation (fig. 1).

Fig. 1 Simple example of the bakers transformation

The same mechanism can be observed in a discon-
tinuous cavity flow (fig. 2). The blob (blue) is stretched
(red) and then folded and stretched further (green).

Fig. 2 Stretching and folding in a cavity flow

In order to determine how effective laminar mixing
can be, mixing measures need to be defined and
compared.

Mixing Quality
The intensity of segregation is used to determine the
quality of the mixture from the local concentration c:

I = 〈[c(Ex)− c̄]2〉
c̄(1− c̄)

.

Here c̄ is the average concentration in the cavity and
the angled brackets denote an average over the cav-
ity. To be able to scale the geometry the ‘coarse grain
concentration’ C = δAc/δA is introduced. The con-
centration is averaged over a finite area (δA).

δAc �
δA

Fig. 3 Coarse grain concentration: green area (δAc) di-
vided by the total area (δA)

Numerical Simulations
Mixing in a discontinuous cavity flow has been simu-
lated numerically (fig. 4).

Fig. 4 Dye advection pattern after 3.5 periods

This domain is subdivided into a grid. In every cell
the coarse grain concentration is computed. Using
this information, the intensity of segregation for the
entire domain is computed. If we assume that a cell
has an absolute size, a finer grid corresponds to a
larger machine. Figure 5 shows the dependence of
the intensity of segregation on the machine size. The
contour lines show how long one has to mix on a spe-
cific machine size to reach a certain mixing quality.
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Intensity vs Machine size

Fig. 5 Quality of mixing vs cell size for several periods
(1 bad mixing; 0 good mixing)

Conclusions
The intensity of segregation is a reasonable quan-
tity to describe the quality of a mixture. However, it
only tells something about how far the entire mixture
is from an ideal mixture. The local distribution of the
dye is not considered in this quantity.


