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The flow of a Newtonian fluid (water) and a viscoelastic
semi-dilute aqueous solution of polyethylene oxide (PEO;
Mw = 2×106 g/mol) through micro-fabricated geometries
containing a hyperbolic contraction followed by an abrupt
expansion was studied experimentally.

The kinematics of the flow in the contraction region was
experimentally investigated by means of streak photography
and micro particle image velocimetry (µPIV). As tracer
particles we used 0.5 µm diameter fluorescent particles
(Ex/Em = 520/580 nm), which were added to the fluid at a
mass concentration of 0.02%. A double-pulsed 532 nm Solo
Nd:YAG laser system (15 mJ/pulse; New Wave Research),
which was set to work at a pulse separation as short as 5 ns,
was used for volume-illumination of the flow. A digital
cross-correlation camera (1.4 MP PCO Sensicam;
1376 × 1024 pixels) connected to a Nikon microscope with a
20X objective lens (NA = 0.5) was used to acquire the images.
Using this laser based technique, we were able to characterize
quantitatively the velocity field at a given plane in the
hyperbolic contraction region for a range of flowrates
(1ml/h ≤ Q ≤ 3ml/h) and Hencky strains (1 ≤ εH ≤ 3).
Figure 2a shows an example of the axial velocity contour plot
at the center plane obtained experimentally using water. The
pressure drop across the converging geometry was also
measured and non-linear effects, attributable to
viscoelasticity, were observed for the polymeric solution.

Fig. 1 SEM image of the experimental micro-geometry with a
hyperbolic contraction with εH = 2.
A set of planar converging geometries, with total Hencky
strains ranging from 1 to 3.7, were designed to produce an
extensional flow field within the contraction. Figure 1 shows
a Scanning Electron Microscope (SEM) image of a typical
contraction-expansion geometry with a hyperbolic
contraction having a total Hencky strain of two. These
converging geometries were fabricated by soft-lithography
using a cross-linked polydimethylsiloxane (PDMS) gel and
SU-8 photoresist mold, which in turn is produced by standard
photo-lithographic techniques from a high-resolution chrome
mask using a contrast enhancer and barrier coat.

To assess the experimental techniques, the Newtonian
results are compared with those obtained numerically using a
finite-volume method in non-orthogonal block-structured
meshes, together with a high-resolution scheme. The results
obtained with a Newtonian fluid such as water compared very
favorably with those predicted numerically (c.f. Figure 2 for a
comparison).
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Fig. 2 Axial velocity contour plots at the center plane (y = 0) for water at Q = 1 ml/h (Re = 3.21) in a geometry with εH = 2:
(a) Experimental; (b) Numerical.
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