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Abstract This paper considers a three-dimensional
micropump based on a piezoelectric actuator. The
COMSOL software version 6.5 was used to simulate the
performance of a micropump. First, a reference
micropump was defined, which worked at a frequency of
60 Hz and a voltage of 1500 V capable of pumping a
maximum flow rate of 0.038 ml/s. The influence of
frequency, voltage, axial position of input and output of
micropump, dimensions of piezoelectric actuator and
membrane, and shape of actuator on the fluid output flow
rate and pumped fluid volume were investigated. For
example, the output flow rate of the micropump at 100 and
20 Hz frequency was 0.065 and 0.011 ml/s, respectively.
By increasing the voltage from 1500 to 1875 V, the
micropump output flow rate rose to 0.047 ml/s.
Keywords: Microfluidic, Micropump, Piezoelectric
actuator, Frequency, Voltage, Output flow

1. Introduction

In recent years, it has become possible to manufacture
industrial equipment with high precision, such as
micropumps. The need for a system that transports fluids
on a small scale has prompted researchers to design a
device that pumps fluid with an appropriate pressure and
flow rate. Micropumps are a type of low-volume pump
system that can pump, mix, or control small volumes of
fluids [1]. Micropumps are generally fabricated by
substrates, such as silicon, glass, or polymer, including
polymethyl methacrylate or polydimethylsiloxane.
Micropumps can be classified into two general categories
mechanical and non-mechanical [2]. Mechanical
micropumps have movable mechanical parts, such as
diaphragm and control valves. In contrast, non-mechanical
micropumps have no movable mechanical parts and
instead move fluid through hydrodynamic, electro-
osmotic, and capillarity effects [3]. The piezoelectric
actuator with active valves was first used by Spencer et al.
[4]. They reached a flow rate of 19 ml/V at a pressure of 1
mmHg/V.

In the present study, a micropump with a piezoelectric
actuator was simulated and the effect of frequency,
voltage, axial location of the input and output of the
micropump, and the dimensions of the piezoelectric
actuator and membrane were investigated. In addition, it is
suggested to use an actuator with a rectangular cross-
section instead of a cylindrical actuator. The geometry of
the model, as shown in Figure 1, consists of an annular
piezoelectric actuator on the top of the fluid field attached
to a flexible membrane. Due to physical symmetry, only
half of the geometry is considered. The fluid expands due
to the application of external and actuator voltage. The
membrane is stabilized by the movement of the actuator
and exerts a force on the fluid below it that pulls the fluid
from the left channel (inlet) and pushes it out the right
channel (outlet). Figure 1 also shows the dimensions of the
chamber inlet, chamber outlet, micropump chamber,
membrane, and piezoelectric actuator.

Piezoelectric
" actuator
_~Membrane

Figure 1. Scheme of the present problem: (a) general view of
the designed micropump and its different parts, (b)
dimensions of the inlet and outlet, (c) dimensions of the
membrane, and (d) dimensions of the chamber

2- Governing equations

In a real micropump, a piezoelectric actuator with separate
layers and electrical connections is used. Here, the thin
metal layers are omitted and the actuator is modeled as an
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integrated block of piezoelectric. As a result, a potential
difference of 1500 V is applied to the whole piezoelectric,
which corresponds to the electric field strength of 0.2
V/um. The voltage required in a real device depends on the
thickness of each layer in the driver. Equation 1 is used to
calculate the voltage:

E=nTV 1)
Where T, n, E, and V are the thickness of the piezoelectric
layer, number of layers in the actuator, strength of the
electric field, and applied voltage, respectively.

3- Results

Effect of frequency

Figure 2 shows the fluid output flow rate for different
frequencies for a constant voltage of 1500 V and a
membrane thickness of 1 mm. Piezoelectric dimensions
are the same for all cases. At five different frequencies, the
volume flow rate is calculated to determine the effect of
frequency change in the piezoelectric actuator. As shown
in Figure 2, the output flow rate of the micropump
increases over time by enhancing the frequency.
Moreover, the volume of fluid exiting from the micropump
augments with the frequency.
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Figure. 2. Effect of frequency on the micropump output flow
rate

Effect of voltage

To investigate the effect of voltage, the strength of the
electric field was changed. The number of layers in
simulations was 75 and was assumed to be constant. The
thickness of the piezoelectric layer was 1 mm. According
to the relationship between voltage and field strength
(Equation 1), different voltages are obtained by changing
the electric field strength. Figure 3 shows that as voltage is
enhanced, the fluid velocity inside the chamber augments.

Effect of the dimensions of the piezoelectric actuator and
membrane

The investigated piezoelectric was circular with an outer
diameter of 15 mm and an inner diameter of 8 mm. The
radius and thickness of the reference membrane were 12
and 1 mm, respectively. Figure 4 demonstrates that as the
radius of the membrane decreases compared to the
reference state, the output flow rate and volume of the
pumped fluid are reduced. The larger the surface of the
membrane above the fluid chamber, the higher the flow
rate. Regarding the change in the size of the piezoelectric

actuator, the output flow decreased by reducing the
piezoelectric diameter. Therefore, by increasing the
dimensions of the membrane and piezoelectric actuator,
the output flow rate was enhanced, leading to an
augmentation in the volume of the pumped fluid.
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Figure 3. Effect of voltage on micropump output flow rate
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Figure 4. Effect of the membrane radius on the output flow
rate of the micropump (in this diagram, OD, ID, and r are
the outer diameter, inner diameter, and radius of the
membrane, respectively)

4- Conclusion

The present paper considers a micropump with a circular-
shaped piezoelectric actuator. The micropump has an inlet
on the left side and an outlet on the right side of the
chamber. The simulations were performed for the
frequencies of 20-100 Hz and voltages of 1125-1875 V to
achieve the maximum output flow rate and volume of
pumped fluid. It is observed that increasing the frequency,
voltage, and dimensions of the piezoelectric actuator and
membrane resulted in an enhancement in the fluid flow
rate and volume of the pumped fluid.
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