Figure 1: Geometry and forces on a disk spinrling at the angular velocity w’pointing
out of the paper plane. The radial channel of length 1, width AX and height h starts
at a distance T = T,in from the center. The liquid traveling at a speed t’ is exposed
to the centrifngal force /gU/oc d2 and, in the non-inertial rotating frame? to the
(apparent) Coriolis force ?Coriolis x 15x w’.
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Figure 2: Experiments and sinmlation of Coriolis-induced mixing in a radial channel of
length 1 = 2 cm, st,arting at a radius of 2 cm from the center and rotating at w = 300 rad s-l;
at different downstream positions. The intensities represent the integral concentration
accumulated along the dashed line.
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Figure 3: Experhnents and shnulation of flow profiles at the outlet of the 2-cm channel.
At w = 50rads-‘,
the flow is still widely undist,urbcd by l?&rioiis. Proceeding to w =
200 rad s-l: a vertical stacking takes place. R.eaching w = 300 rad s-l. the order of the two
flows is flipped and a large contact surface forms. This evolution is impressingly observed
in the videos taken from the experiments.

flow pattern is
in Fig. 2. Under t,he impact of pcoriolis, t,he initially undi&urbed
increasingly
deformed in downstream direction.
At 3/4 of the channel length, the
blue liquid has protruded far into the other liquid. In this vertical stack of thin
liquid layers, the characteristic
diffusion length d has been reduced by a about a
factor of three to cut down diffusion times tD ix d2 by a factor of nine in an ordinary,
straight microchannel!
It is obvious that this effect is even more pronounced towards
decreasing
(!) aspect-ratios
which can easily be manufactured.
Note the good
qualitative agreement between the measurement
and corresponding
simulations.

Flipping

and Laminating

Fig. 3 investigates
the flow patterns recorded at a fixed location near the outlet
as a function of w’. This way we can identify the channel length, its aspect ratio
and the rate of rotation as the decisive impact parameters
governing the Coriolisinduced reshaping of the cont,act surface.
Based on these findings, we designed a
novel split-and-recombine
laminator by means of a simple microchannel
geometry
(Fig. -I). The two flows are irmially split into three parallel subchannels
to enable
flipping at the end of the central channel.
As the channels rejoin! an alternatiug
ABAB pattern builds out which is immediately
distorted by the strong Coriolis
force. l3y cascading a series of n (e.g. 3) congruent laminators,
it is obvious that
the maximum layer thickness cl (e.g. lOO/rm) is reduced by a fact,or of 221L (8) to
accelerate mixing time tL) by a factor of 2-2rr (64)!
In conclusion, we have shown by simulations
and experiments
that switching,
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Figure 4: Split-and-recombine
laminator (axial and transversal direction not to scale).
The flows are divided into three parallel subchannels. The inversion of the Aow pattern
in the central channel leads to an ABAB alignment to increase the speed of subsequent
mixing tD (x d’ by a factor of four. To avoid high-aspect-ratio fabrication, the width of
the fins can be extended without interfering with the mechanism of lamination.

lamination

and substantially

accelerated

mixing

of flow can be realized

in simple

2.5-dimensional
microchannels.
This novel actuation scheme is based on the apparent Coriolis force which is inherent to centrifugal microfluidics.
The components
presented

in this paper will play an important,

on a novel lab-on-a-disk
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