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5.5 Analysis of add vertex

Different programs were found to arrive at the add vertex
transformation, but the sequence shown in Fig. 3(b-iii) con-
tains the sharpest vertices. There are two primary compo-
nents to this sequence: the creation of an irregular decagon
with vertices protruding at the channel centerline and the
use of the make convex program to complete the final shape.
The irregular decagon is formed by mirroring a modified
38° tilt sequence that adds a vertex to one side of the fluid
structure, which results in two vertices symmetric about the
channel's y-axis, as shown in Fig. 3(b-ii). The make convex
program, 2 pillars with D/w = 0.5, is concatenated onto the
previous eight pillars to finish the transformation. An alter-
nate route is to decrease the mirrored sequence from four to
two pillars. This creates a 5-pillar program but alters the out-
put edges to become more smooth and convex (see Fig. 6(b)).

5.6 Analysis of shift

The initial strategy for shifting a fluid element was to begin
with a stretch program and then force the fluid to either
side of the channel with pillars to the left or right of the
centerline. Thin ‘tails’ are formed in the most basic shift
sequences, as seen in Fig. 6(a-i). These tails are a natural con-
sequence of the secondary flow at the center of the channel,
which – coupled with the no-slip boundary conditions –

results in an incomplete pinching effect at the wall/fluid
interface. To marginalize this effect, the add vertex program
was used to ‘pre-treat’ the collapsed fluid element, therefore
minimizing the fluid at the wall/fluid interface that would
end up creating the tails. Several methods were found for the
shift transformation, with lateral migration of the central
column varying from 10% to 20% of the full channel width
(see Fig. 6(a-ii)) and varying degrees of ‘squareness’ in the
final output. The basic transformation as originally outlined
seeks to preserve the shape at the microchannel inlet, and the
programs shown demonstrate the best outcome to this effect.

6. Conclusions

We are able to identify a set of fundamental fluid transforma-
tions using rationally chosen sequences of pillars. This
is made possible by quickly prototyping different pillar
sequences in silico and identifying those sequences that have
the desired effect on the fluid shape. The identified transfor-
mations have potential applications in optofluidics, shaped
fiber and particle fabrication, and mixing. The transforma-
tions also provide some intuition on the types of fluid defor-
mations that can be performed using pillars in a channel.

The framework utilized in this study, although applied
here only to pillars positioned in a straight channel, can be
used to analyze the flow deformation resulting from the con-
catenation of arbitrary geometries, provided that the fluid is

Fig. 5 (a) Multiple routes to similar stretch transformations. Note that three pillars of D/w = 0.625 achieve roughly the same output as five pillars
of D/w = 0.5. Moving to a D/w = 0.75 begins the split transformation sooner, in addition to flattened ends. (b) The effect of changing diameter and
increasing numbers of central pillars on the stretched width of the central fluid element. Note that D/w = 0.75 and D = 0.625 are functionally
identical for this effect.

Fig. 6 (a) 10% shift (i) and 20% shift (ii). Note that the program for 20%
shift is concatenated onto the 10% sequence, for a total of 22 pillars.
(b) Alternative 5-pillar approach to add vertex, demonstrating the same
recursion/mirroring/shaping methods as the 10-pillar version.
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allowed to fully develop in between. Other geometries for
consideration include channel expansion regions, curved seg-
ments, walls, asymmetric pillars, and channel bifurcations.
The analysis can also be expanded to include a range of
Reynolds numbers and channel aspect ratios, which were
held fixed for this study.

Presently, the effect of diffusion on the fluid is ignored.
Large numbers of pillars – and therefore longer channels –

along with more complex fluid deformations will enhance
mass diffusion further downstream, resulting in a blurred
departure from uFlow's predicted transformation. Accord-
ingly, mass diffusion will limit the size of structures that can
be formed using this method, although diffusion of species
across streamlines may be important for many applications.
The current framework can be extended to account for diffu-
sion by applying a simple local diffusion model to a fluid
parcel as it traverses the channel. Techniques for enabling
this analysis in real time are under investigation.

Although the present study only follows fluid parcels as
they traverse the channel, it is possible in principle to apply
the same analysis to finite-sized particles suspended in the
fluid flow, which may cross streamlines. Although it is more
expensive to compute advection maps for finite-sized parti-
cles, this computation is performed offline and does not
affect the speed of the analysis.

Building off this initial work, future designers of continu-
ous flow fluidic systems should be able to achieve a desired
output behavior without significant rounds of experimental
trial and error, paving the way for systems of increased com-
plexity to address biomedical, materials fabrication, and
industrial heat and mass transport problems.
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