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1. Introduction

In fields such as electronic materials,
cosmetics productions and medical science,
monodisperse droplets have been an important
subject” ?. In this study, we have designed an
ultrasonic torsional transducer to apply a high
pressure to use high viscosity liquids and generated
micro droplets in the air by using this transducer” .
In addition, we have evaluated the condition of the
driving frequency and the ejection speed of droplets

when we generated droplets.

2. Structure

Schema of the ultrasonic torsional transducer
is shown in Fig. 1. This transducer consists of
circumferentially polarized piezoelectric elements,
a micropore plate, metal blocks and a bolt.

The micropore plate attached at the tip of the
transducer vibrates in vertical direction against the
flow of liquid. When the micropore plate vibrates,
droplets are generated regularly by ruffling liquid
surface.

We simulated a vibrational mode of the
transducer by using a finite element method. The
simulation result is shown in Fig. 2. From this
result, we confirmed the torsional vibration mode
and the resonance frequency of the torsional
vibration mode at 37 kHz. The fabricated ultrasonic
torsional transducer based on this analytical result is
shown in Fig. 3. The diameter of this transducer is
24mm and the length is 81mm. The transducer is
fixed at the flange which is placed at the node of the
vibration.

The SEM photograph of micropore is shown
in Fig. 4(a) and its cross-sectional view is shown in
Fig. 4(b). The micropore plate is made of stainless
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Fig. 1 Schema of ultrasonic torsional transducer
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steel, the diameter of the micropore plate is 16mm,
the thickness is 150um and it places Smm distance
from the center. As shown in Fig. 4(b), the
micropore has a taper. The diameter of the larger
aperture is 128um and that of the smaller aperture is
16um. The liquid flow direction is from the larger
aperture to the smaller aperture.

3. Droplet generation in the air

The droplet generation in the air has
examined experimentally by using the fabricated
transducer. The experimental setup for the droplet
generation is shown in Fig. 5. Pressured liquid is
supplied to the transducer by a constant pressure
pomp. Discharged droplets are observed by using a
high-speed camera and a microscope. The supplied
liquid was pure water.

The photographs of observed droplets when
the vibration amplitude of the micropore was 0,
0.14 and 0.25um,,_, are shown in Fig. 6. The applied
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(a) Model of analysis  (b) Result of modal analysis
Fig. 2 FEM analysis of ultrasonic
torsional transducer
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Fig. 3 Photograph of fabricated ultrasonic
torsional transducer
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of micropore of micropore
Fig. 4 Schema of micropore plate
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Fig. 5 Experimental setup for droplet generation
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Fig. 6 Photographs of droplets when the vibration
amplitude was 0, 0.14 and 0.25um,,, (left to right)

Table 1 Relationship between vibration amplitude and
droplet diameter
Vibration amplitude [pm,.p] 0 0.14 0.25
Average diameter [pum] 94.0 86.2 85.3
Standard deviation 18.3 0.93 0.89
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Fig. 7 Relationship between vibration amplitude and
droplet diameter when the applied pressure was 0.05MPa

Table 2 Relationship between driving frequency and
droplet diameter

Driving frequency [kHz] 0 21 40 62 77

Vibration amplitude [nm,_,] 0 27.6 | 28.1 | 423 [ 119

Average diameter [um] 78.2 | 80.3 | 99.5 | 84.7 | 79.1

Standard deviation 262 | 15.1 | 444 | 0.84 | 7.34
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Fig. 8 Relationship between driving frequency and
droplet diameter when the applied pressure was 0.20MPa

pressure was 0.05MPa. The relationship between
the vibration amplitude and the droplet diameter is
shown in Table 1 and Fig. 7. From this result, we
confirmed that we obtained micro and uniform
droplets by oscillating the micropore.

Additionally, we have evaluated the condition
of the driving frequency and the applied pressure
when we generated droplets. The relationship
between the driving frequency and the droplet
diameter when the applied pressure was 0.20MPa is
shown in Table 2 and Fig. 8. From this result, we

Table 3 Relationship between applied pressure, driving
frequency and droplet diameter

Applied pressure [MPa] 0.05 | 0.15 | 0.20 0.25
Driving frequency [kHz] 21 40 62 77
Vibration amplitude [nm,,] | 27.6 | 28.1 | 4.23 11.9

Average diameter [pum] 100.3 | 97.0 | 86.5 83.0

Standard deviation 0.60 | 095 | 0.84 0.67
120 18
= a 4 —
E 100t = z N 16
= 114 2
2 N =z = =
2 80t {1125
3 110 8
5 07 g &
= i=
2 40 4 16 2
5] =
g 1 5
S 20 f + Diameter of droplet| | 4 &
/A 4 Ejection speed 12

0 : : 0
0 20 40 60 80 100

Driving frequency [kHz]
Fig. 9 Relationship between driving frequency, droplet
diameter and ejection speed when the applied pressure
was 0.05, 0.15, 0.20 and 0.25MPa

confirmed that we obtained droplets which had
small and uniform diameters when the transducer
was driven by the frequency which was suitable for
the applied pressure. The suitable applied pressure
was decided based on the flow rate.

Next, we examined the frequency which
was suitable for the applied pressure when the
applied pressure was changing. The relationship
between the driving frequency, the applied pressure
and the droplet diameter is shown in Table 3 and
Fig. 9. Additionally, the ejection speed of the
droplet which ejected from the micropore is shown
in Fig. 9. From this result, we confirmed that we
obtained droplets which had small and uniform
diameters at various frequencies. We confirmed that
the driving frequency which was suitable for the
flow rate was larger as the ejection rate was faster
when the applied pressure was larger.

4. Conclusion

In the paper, we have evaluated the condition
of the droplet generation by using the ultrasonic
torsional transducer experimentally. Therefore, we
have realized that the driving frequency had the
suitable flow rate.
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