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Development of Synthetic Jet Micro Air Pump
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Abstract

This paper presents a micro air pump based on the synthetic jet to supply reactant at the cathode side for micro fuel
cells. The synthetic jet is a zero mass flux device that converts electrical energy into the momentum. The synthetic jet
actuation is usually generated by a traditional PZT-driven actuator, which consists of a small cylindrical cavity, orifices
and PZT diaphragms. Therefore, it is very important that the design parameters are optimized because of the simple
configuration. To design the synthetic jet micro air pump, a numerical analysis has been conducted for flow characteristics
with respect to various geometries. From results of numerical analysis, the micro air pump has been fabricated by the
PDMS replication process. The most important design factors of the micro air pump in micro fuel cells are the small size
and low power consumption. To satisfy the design targets, we used SP4423 micro chip that is high voltage output DC-AC
converter to control the PZT. The SP4423 micro chips can operate from 2.2~6V power supply(or battery) and is capable of
supplying up to 200V signals. So it is possible to make small size controller and low power consumption under 0.1W. The
size of micro air pump was 16 x 13 x 3 mm® and the performance test was conducted. With a voltage of 3V at 800Hz, the
air pump’s flow rate was 2.4cc/min and its power consumption was only 0.15W.

Key Words: Micro Fuel Cell, Micro Air Pump, Synthetic Jet Actuator(SJA), Polydimethylsiloxane(PDMS), Computational
Fluid Dynamics(CFD)
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Fig. 1 Schematic of synthetic jet actuator
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Table 1 Geometrical parameters

Parameter Symbol Value (mm)
PZT disc diameter D 9

Chamber thickness T 1,2,3
Diffuser length dh 1

Diffuser throat(in) width dl 0.1,0.2,0.3
Diffuser throat(out) width d2 0.3,04,0.5
Inlet width d3 0.6,0.8,1,1.2,1.4
Block width d4 0.1,0.2,0.3,04,0.5
Outlet width D6 0.4,06,08,1,1.2

Table 2 Boundary conditions and air properties

Condition Symbol Value

Air density p 1.1614 kg/m3
Air viscosity n 1.846e-5 g/m-s
In/outlet Pressure P 100000N/m2
Membrane Amplitude A 30/m
Oscillation Freq. f 100Hz

Outlet
{ambient)

Inlat
{ambient)

PZT{Membrane)
{grid deformation)

Fig. 2 2D computational domain and geometrical

parameters
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Fig. 4 Pumping volume of micro air pump according
to geometrical parameters

Table 3 Dimension of synthetic jet air pump

Parameter | D T | dh | dl d2 | d3 d4 | D6

Value(mm) 9 2 1 01 (0208|0108
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Fig.10 Flow of water in outlet channel by synthetic jet
micro air pump
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