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Abstract:

We have developed micro electromagnetic flap actuators as a driving mechanism of
synthetic jet generator, and the jet velocity issuing from the synthetic jet generator is
examined. In order to further development, the effects of flap dimensions on the static and
dynamic responses are investigated, and another micro electromagnetic actuator in
diaphragm configuration is designed and fabricated, if it is feasible, to replace the flap
actuator in the future. In the first part of our study, the polyimide flaps with micro copper
coil are designed, fabricated, and then tested for their static and dynamic responses. The
flap actuator with tip deflection of about 250-450 pm and resonant frequency of about
460-1,000 Hz is then employed as a driving mechanism of a synthetic jet generator.
Although the flap actuator has quite large sweeping volume, we found that the maximum
issued jet velocity is quite slow of about 0.8 m/s at 2 mm downstream from the orifice
when driven at about flap’s resonant frequency of 600 Hz. This drawback might be a result
of gap between flap and cavity wall is still relatively large. Next, the effects of flap
dimensions on its responses are investigated. A set of structures with fixed length of 8 mm
and width equal to 3, 4, 5 mm, and fixed width of 4 mm and length equal to 6, 7, 8 mm,
are fabricated and examined. Within the range of the flap dimensions experimented, it is
found that a small change in length significantly affects both static and dynamic responses
while a change in width has relatively slight effects. Moreover, the deflection at resonant
frequency of these flap dimensions is almost the same thus significantly enhancing the jet
velocity from that found in the first part might be impossible within this range of flap
dimensions. To enhance the jet velocity, the electromagnetic diaphragm actuator with
large out-of-plane is developed. FEM software is used to preliminary examine the effect of
dimensions on the static deflection, and the development of new fabrication processes for
diaphragm actuator is still ongoing. In conclusion, we found that, despite of its more
robustness, the employment of a micro flap actuator instead of a micro diaphragm
actuator as the driving mechanism of synthetic jet generator does not significantly enhance
the jet velocity. We found that, when we compare the jet velocity with that reported in
past study with diaphragm actuator, the same order of magnitude of jet velocity is realized.
However, with this order of magnitude of jet velocity, the developed synthetic jet
generator might be able to be employed in low Reynolds number flows.





