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Background:
Bubbles and the Sea of Sound

€ Bubbles produced in a liquid (such as the
ocean) can both generate sound and
profoundly impact the propagation of sound.

€ Bubbles produced beneath oceanic breaking
waves generate significant amounts of high-
and low-frequency sound, and alter sound
propagation in that region of the water column.

€ Sound propagation though bubbly liquids is
known to be highly dispersive and lossy.

€ This demonstration shows how bubbles
produce sound, and how they effect the sound
speed of the fluid they reside in.

€ The demo apparatus is simply a tube filled with
water. The bubbles are produced by blowing
air through 8 hypodermic needles in the bottom
of the tube. (shown on page 6)



How Do Bubbles Make Sound?

Pluck “Them” and They Sing...
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For an air bubble in water at STP: f,a» 3.4



The bubbles in this demo are “plucked”
when they pinch off the needles, thus
producing sound.
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The above figure is a video micrograph of one of the 8 needles mounted

in the bottom of the demo tube. In an unconfined fluid, this single bubble
would produce sound with strong frequency content near 2 kHz. Because
there are multiple needles, and because each bubble pinch off event is unique,
the result is a continuous broad band sound emission.



=, Theory:

(4] Sound Speed in Bubbly Liquids
=~ & Simple Organ Pipe Modes

€ Monodispersed Bubbles; Volume Fraction b

2 2
1_(@-b)’,  3p@-b) b

¢ o a(wl-w’-2ibw) ¢
€ Forlow frequencies... and... low b
2 2
1 (1-b)  b* b(1-b)r, ¢ » 3P
G G 9 br |

4 Indirectly obtain c_ using standing waves in a
tube: Model as simple organ pipe with
rigid/soft ends and look for eigenfrequencies.
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Experiment:
The Demonstration Apparatus
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The Measurements

Typical Spactral Comtent of Bound in the Tubea — YF = 0.4%
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(a) Spectral content of the bubble generated sound in the tube at a void fraction of 0.4%.
(b) The spectral content at a range of void fractions from .13% to 2.5 %.



Data Reduction:
Obtaining Inferred Sound Speed from

Measured Frequency of Modes
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Above is shown a representative sample of data from three void fractions.
One obtains the effective sound speed at each void fraction from the slope
of the least squares fit (solid lines).



Comparing Theory with Experiment
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The outcome of the data reduction: The effective sound speed in the bubbly fluid
as a function of void fraction. Good agreement is obtained above VF = 0.3 %.
The deviation from theory below this VF is due to a loss of homogeneity . At the
lower void fractions the needles emit intermittent spurts of bubbles, instead of a
continuous stream.



Conclusions

Air bubbles can interact with water in a number
of ways to produce sound and effect its
propagation.

Injection of bubbles into the tube produces
broadband noise which drives the tube in its
fundamental and higher length modes.

It is possible to model the bubbly liquid as an
effective medium with a sound speed
significantly lower than either component alone.

At low frequencies, it is possible to control the
sound speed, and thus the pitch produced by
the tube, by simply varying the void fraction.

One can easily determine the effective sound
speed using a simple, 1-D standing wave tube
model.



