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Vortex
Shedding

Vortex Structures in Microfluidics

• How are vortex structures possible?
– Vortex shedding     

• Zero Reynolds number

– Moving parts 
• Difficult to fabricate

– DC Electroosmosis
• Requires large voltages (~.1 - 1 kV)

• Electrolysis 

– Magnetic fields
• Restrict to aqueous 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



Polystyrene particles
dp = 0.7 µm dia. 

0.5 M KCl Solution

AC Electric Potential: 6Vrms, 200 kHz

20 µmElectrode Electrode

Are we observing:
1. Particle motion or
2. Fluid motion

Electrodes

DRIE - Si



Particle Motion: Dielectrophoresis (DEP)

Positive DEP Negative DEP

http://www.ibmm.informatics.bangor.ac.uk
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Fluid Motion: AC Electroosmosis (Ramos, 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)

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

Electrical 
Properties
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Electrothermal Effect: Computational Approach
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Coulomb Dielectric

Electrothermal Effect: Computational Approach

Electrothermal Body Force
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20 µm gap

-7 Vrms

40 µm channel

Electrothermal Model: Potential field
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Electrothermal Model: Temperature
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Electrothermal Model : Velocity

400 µm/s

Electrothermally modified channel flow (center section only)
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Scalar Transport and Reaction Kinetics
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Immunoassay Reactions (ELISA)

Cover glass

PSA antibody immobilized on 
glasselectrodes

Fluorescently labeled antigen



Normalized Bound Concentration (ELISA)
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Electrokinetic Switching

electrodes
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Multiple Physics
1. Gauss’s Law
2. Energy Eq.
3. Conductivity Gradient
4. Navier-Stokes Eq.
5. Convection-Diffusion
6. Heterogeneous React.



See Femlab Example


