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Abstract—This paper presents the results of initial simulation
work for an electrohydrodynamic (EHD) ion-drag micropump.
A 2D numerical simulation was performed, and the flow
pattern was found similar with the results of previous workers.
The results validate the current design presented in this paper.

II. THEORY
In EHD ion drag pumping, neutral liquid molecules are
dragged by friction force, which established by the moving
ions.

I. INTRODUCTION
An increased in microelectronics power dissipation and
reduction of the device size have resulted in increasing of
heat fluxes. Heat flux is expected even higher in future
electronics device. The electronics device’s temperature
must be controlled to retain their performance. New heat
removal technique is needed to replace current technique,
which is using forced air-cooling. Electrohydrodynamics
micropump is a new liquid cooling technique under
development. It is popular because of its small size, no
wearable mechanical part, cause no vibration, easily
controllable, and consume less power. The theories of
electrohydrodynamics (EHD) developed in 1960’s. The first
EHD micropump was developed by in 1998 [1]. Darabi [2]
developed the ion drag micropump with saw tooth emitter,
which greatly improves the ion generation, thus enhancing
the electric field. Benetis [3] investigated the microchannel
design geometry on the performance of ion-drag micropump.
Shoostari [4] developed the numerical model for the
interaction between electric field and dielectric fluid. Parisa
[5] designed the micropump that uses liquid nitrogen as
working liquid; she studied the charge generation in liquid
nitrogen for her design.
The emitter and collector are traditionally planted at the
bottom of microchannel; the shortcoming of this design is
creating non-uniform electric field, which serves as the only
propulsion force in EHD micropump. In this case, dragging
force would be weaker at the top of microchannel. Darabi
and Rhodes [6] simulated the design with emitter and
collector planted at the top of microchannel. However, this
design made the fabrication process much complicated.
Kazemi et.al [7] came out with micropump pump that come
with 3D micropillars inside the microchannel. The
micropillars idea creates a more uniform electric field; their
micropump generated maximum pressure of 2240 Pa at
voltage of 900V. This is believed to be the most successful
EHD Ion Drag micropump; however the generated pressure
is still too low for practical cooling applications that require
5 – 10kPa [7]. This project will further investigate on
Kazemi et.al. work and seek for improvement.

Figure 1: Schematic Diagram of Ion Drag Pumping Mechanism

As High DC Voltage is applied across the electrodes,
molecules-molecules near to the electrodes are ionized. At
emitter, liquids molecules loss their electron and become
positively charged; on the other hand, liquids molecules
close to the collector loss their proton, and thus become
negatively charged. For ion drag pumping to occur,
abundance of ions with only one polarity is preferred. This
can be achieved by proper selection of working liquid and
electrode design. The flows of dominant ions will then drag
the neutral molecules to move forward, thus creating liquid
flow.
As electric field is established, electric body force is
generated, and it is transmitted to neutral molecules by
viscosity, which results in bulk flow. The electric force is
described as:
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The three terms on right hand side are known as
Coulomb force, Dielectrophoresis force, and Electrostrictive
force. Dielectrophoresis force is generated as a result of
permittivity gradient at the liquid-vapour interface in the
two-phase flow or due to a temperature gradient in the nonisothermal fluids. Electrostrictive force acts upon the dipoles
in dielectric liquid; this force requires the presence of an
inhomogeneous electric field or fluid compressibility. Since
Ion-drag pumping uses a single-phase, incompressible fluid
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placed in a homogeneous electric field. Thus, the electric
body force can be simplified to:

5) All coefficients are constant, and do not depend on
the electric field/influenced by high voltage.
6) The liquid flow is steady-state and incompressible.
The boundary conditions for electrostatics are straight
forward. The emitter surface is set as applied voltage,
collector is grounded, and the rest of the walls are insulated.
The ions concentration at emitter surface is not well known,
most of the processors obtained this value by measuring the
electric current, however it is set as 0.01mol/m3 for
simulation purpose, collector surface is set to concentration
of 0, and the rest are set as insulator. For the liquid flow,
both inlet and outlet are set to atmospheric pressure, while
the rest are configured as no-slip wall.

Fe = (ρ e E )

Poisson equation, conservation of charge, and Electric
Field are given as:
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For unipolar charge injection, the transportation of ions
is defined as:

J = (ρ e u ) + (σE ) + (μ e ρ e E )

Where: ρ = Unipolar charge density, σ = Conductivity of
liquid, µ = Mobility of liquid
The current flux can also be modelled using NernstPlank equation, which describes the ions transport
mechanism:

·

·

Figure 2: Voltage Gradient

Where: D = Diffusion Coefficient, c = charge
concentration, z = charge number, µ = charge mobility, V =
Applied Voltage, F = Faraday Constant, R = Reaction Rate,
u = Liquid Velocity.
First term inside bracket represent the Diffusion
mechanism, second term inside bracket represent Migration
mechanism, and on the right hand side reaction rate and
convection mechanism.
Poisson equation is solved to obtain Electric Field
strength and Nernst-Plank equation is solved to obtain
charge distribution. Both of these results are combined to
obtain the electric Coulomb force, F=ρE. Coulomb force is
then incorporated into the Navier–Stokes equations as an
additional body force to couple the effect of electric field
and charge distribution on the fluid flow as:

Figure 3: Electric Coulomb force
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III. COMPUTATIONAL APPROACH
A 2D numerical model was performed using
commercial computational software Comsol Multiphysics.
There are few assumptions being made for simplifications:
1) Only one kind of charge exists (Unipolar).
2) Only Electric Coulomb force is present.
3) Charge injection take place only at the emitter.
4) Diffusion and Convection of ions are neglected.

Figure 4: Liquid Flow Field
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