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Investigation on Shapes and Acoustic Characteristics of Air Bubbles
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ABSTRACT

It is well known that the acoustic characteristics of the sea are significantly affected by bubbles

which have their own inherent characteristics at the undersea. In this study, the shape and acoustic

characteristics of air bubbles generated by an underwater nozzle are calculated numerically, and are

measured with a high speed camera and a hydrophone at various air flow rates in the experimental

apparatus. As a result of analysis, the shape calculated numerically well matched with measured

values at low flow rates, but in case of relatively higher flow rates, the use of correction coefficient is

needed for more accurate estimation of the bubble shape. And also the rising velocity of a single
bubble is constant regardless of both the bubble size and the flow rate. and the acoustic signal
generated when the bubble is produced by an underwater nozzle has the same characteristic of

natural frequency of the bubble pulsation, and is

agreed with Minnaert’s equation if the correction

coefficient is considered in accordance with the flow rate.
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Table 1 Calculated bubble data for nozzle diameters

¢ Nozzle | Surface | Volume | Notional | Acoustical
i diameter | radius |of bubble | radius | frequency
* (mm) |(Rmm)| (mm®) | (mm) (Hz)
0.25 1.029 5.341 1.084 3082.2
05 1.235 10.086 1.340 24942
1.0 1.455 18.865 1.651 2024.7
15 1.587 27.266 1.866 1791.0
2.0 1.686 35.797 2.043 1635.8
2.5 1.766 44.355 2.194 15231
3.0 1.837 52.761 2.325 1437.6
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Fig.4 Air bubble shapes for the nozzle diameter
D from 025 to 3.0 mm
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Fig.5 Volume of the bubble for the nozzle
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Fig. 6 Notional diameter of the bubble for the
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Fig. 7 Acoustical frequency of the air bubble for
the nozzle diameter from 0.25 to 3.0 mm
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Table 2 Calculated and corrected acoustic frequency
of the bubbles, nozzle diameter 1.0 mm
and 1.5 mm

Nozzle

Nozzle Frequency Dia. (mm) ‘

Dia(mm) (Hz) ) 5
Calculated frequency(Hz) 20247 | 17910

Correction factor, ca 1.34 1.45

Flow rate

Corrected
20 cps frequency (Hz) 15155 | 12314
Correction factor, ca 1.68 1.81
Flow rate Corrected
200 cps frequency (Hz) 12074 | 991.8
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Time(sec)

Fig. 15 Typical waveform of the acoustic pressure
for generating a single air bubble
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