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Micropumps
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• Micropumps importance and applications 

• Generate fluid motion in microsystems

• Compact size, ability to pump precise volume of fluid

• Applications Ex.: Electronics cooling, Biomedical applications.

• Classification

• Mechanical Micropumps (moving parts)

• Ex: Piezoelectric, Shape memory alloy

• Non-Mechanical Micropumps (no moving parts)

• Ex: Magnetohydrodynamic, Electrochemical, Electrohydrodynamic (EHD)



EHD Pumping
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• Utilizing the influence of the electric field on electric charges in a dielectric 
fluid.

• High E => Injection of electrons

• Transfer of momentum

(Ion Drag) => fluid flow

• Low σ => Small I (Low P)
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Factors influencing EHD Pumping
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• Working Fluid

• High permittivity, low viscosity

• Geometric design of the electrodes

(Height, width, shape)

• Spacing (interelectrode, electrode pair)

• Study parameters

• Symmetry 

• Planar vs Saw tooth

 One Simulation Stage
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Governing Equations
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Electric body force (Force density)
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Gauss’s Law                           

𝛻. E =
𝜌𝑒

𝜀
E = −𝛻𝑉

Charge Conservation
𝜕𝜌𝑒
𝜕𝑡

+ 𝛻. J = 0 J = 𝜇𝑒𝜌𝑒E + D𝛻𝜌𝑒 + 𝜌𝑒𝑢 + σE

Continuity and Navier Stokes (laminar, steady and incompressible flow)

𝛻. 𝑢 = 0

𝜌
𝜕𝑢

𝜕𝑡
+ 𝑢. 𝛻 𝑢 = −𝛻𝑝 − 𝜇𝛻2𝑢 + F𝑒

Electrophoretic Force  

(Coulomb Force)

Dielectrophoretic Force Electrostrictive Force



COMSOL Modeling
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Electrostatics Charge Conservation

Fluid flow
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Charge Conservation  (Transport of diluted species)

∇.(−𝐷𝑖.∇ 𝑐𝑖−𝑧𝑖𝜇𝑒,𝑖 F𝑐𝑖∇V)+u.∇𝑐𝑖=𝑅𝑖 (𝜌𝑒 = 𝑐 𝑁𝑎 𝐸0)

Model has been verified against documented experimental results



Simulated Designs
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Three main ratios composed of six parameters were varied:

𝑑𝑠 =
𝑑𝑒𝑝

𝑑𝑒𝑠
𝑤𝑟 =

𝑤𝑐

𝑤𝑒
ℎ𝑟 =

ℎ𝑐

ℎ𝑒

The seventh parameter was the hch

Total of 25 designs were simulated
 One Simulation Stage
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Results: ds
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Results: ds
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Results: wr
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Results: hch & hr
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Conclusion
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An optimal design would make use of the following:

• Asymmetry in electrode height and width

• ds in the range of 3-4

• hch should be increased (beware charge density vs height) 
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Thank You


