Viscoelastic fluctuations in microfluidic channels - a tool for
microrheometry and for autonomous flow control?
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In contrast to the predictable flow patterns of Newtonian liquids at low Reynolds numbers, viscoelastic
liquids exhibit a broad range of nonlinear instabilities and spatiotemporal fluctuations, even under steady
forcing. Fluids are rendered viscoelastic by the addition of small amounts of high—molecular weight
polymers, making the field of viscoelastic flow highly relevant for biomedicine and industrial
applications.

We have previously explored viscoelastic fluctuations in microfluidic channels as they appear as
concentration waves. We found that they can be controlled by fluid composition and channel geometry
[1], how their resemblance to turbulence can be used to enhance mixing [2]. We have also shown that
breaking the symmetry inside the channels results in flow anisotropy in our devices, i.e. a fluidic diode
[3]. In the presentation we will discuss how we exploit these viscoelastic flow fluctuations and the
resulting anisotropy as a functional mechanism for microfluidic control and sensing in devices that operate
autonomously.

We demonstrate guidance of a liquid in a device consisting of a T-junction with two oppositely arranged
fluidic diodes. For a Newtonian liquid the flow is symmetric to the two outlets while for a viscoelastic
liquid we see a clear bias of the flow along the favorable direction of the fluidic diode. Here, we also show
proof of principle of chemical control of the flow by adding a small amount of detergent to a DNA
solution thereby restoring the unbiased flow.

For sensing applications, a short-circuited bridge circuit of fluidic diodes is used for enhanced sensitivity.
For Newtonian liquids, it functions like a standard balanced Wheatstone bridge giving negligible flow in
the detection channel, whereas for a viscoelastic liquid it functions as a rectifier giving significant flow in
the detection channel. For 8MDa PEO we show a limit of detection of at least 10ppm and functionality
for volumes as low as 1uL, thereby demonstrating a performance several orders of magnitude better than
standard rheometry.

Our long-term vision is to address the central limitation in microfluidics due to the reliance on integrated
valves, sensors, and external control systems for complex fluid handling. We introduce the concept of
autonomous fluidics, in which fluid—structure interactions encode functionality directly into the system
opening up for self-regulated microfluidic circuits with minimal external infrastructure. In the future we
hope to apply our findings not only to sensor applications but also to wearable devices and soft robotics.
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Figure 1. Optical micrographs of devices along with schematic of circuits. (top left) T-junction device with two oppositely oriented fluidic
diodes at the two exits. (top right) Diode bridge. In the schematic the detection channel is indicated by a red arrow pointing the expected
flow direction for viscoelastic liquids. The location of the detection channel is indicated by the red rectangle overlaid on the microscopy
image of the device. (bottom) Wavelike fluctuations visible in a DNA solution moving in two different directions in a microfluidic pillar array
with triangular pillars.
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