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Vortex Structures in Microfluidics

How are vortex structures possible?
— Vortex shedding
o Zero Reynolds number
— Moving parts
 Difficult to fabricate
— DC Electroosmosis
* Requires large voltages (~.1 - 1 kV)
» Electrolysis
— Magnetic fields

» Restrict to agueous buffer solutions



AC Electrokinetics (advantages)

« High frequency electric fields

— Reduce or eliminate electrolysis

 Place electrodes locally inside microchannel
— Increased flexibility
— Locally addressable electrodes

— Decrease electric potential




AC Electric Potential: 6Vvrms, 200 kHz

1. Particle motion or
2. Fluid motion
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Particle Motion: Dielectrophoresis (DEP)
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Fluid Motion: AC Electroosmosis (Ramos, 1998)
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Fluid Motion: Electrothermal Effect (Ramos et al., 1998)

Gauss’s Law Ve , E=-V¢

Ohm’s Law J=0oE
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Fluid Motion: Electrothermal Effect (Ramos et al., 1998)

. -~ 1=
Body Force on fe =p, E —E‘E‘ Ve
Fluid ) —
Coulomb Force Dielectric Force
Decompose = _ B =
Electric Field E=E+E

Applied Field Perturbed Field
(charge variation)

where ‘El‘ i ‘EO‘



Fluid Motion: Electrothermal Effect (Ramos et al., 1998)

BOdyFIIZuOir(;Ice on FE = P4 E —%‘Er Ve (from before)
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Fluid Motion: Electrothermal Effect (Ramos et al., 1998)
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Fluid Motion: Electrothermal Effect (Ramos et al., 1998)
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Fluid Motion: Electrothermal Effect (Ramos et al., 1998)
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Electrothermal Effect: Computational Approach
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Electrothermal Effect: Computational Approach

Electrothermal Body Force
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Electrothermal Model: Potential field

40 um channel

+7 Vrms '—\’ -/ Vrms
20 um gap
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Electrothermal Model: Temperature

Max: 2.26
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D Heat source
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Electrothermal Model : Velocity

Electrothermally modified channel flow (center section only)

400 um/s
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Scalar Transport and Reaction Kinetics

Bulk % 4 §.Ve=DVC+R, -
Concentration ot
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Immunoassay Reactions (ELISA)

Fluorescently labeled antigen

...........................................................................................

Cover glass

PSA antibody |mmob|I|zed on
electrodes glass



Normalized Bound Concentration (ELISA)
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Electrokinetic Switching
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See Femlab Example




