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Cavitation Suppression Effects by the Modification of the Spectral
Characteristics of High Intensity Focused Ultrasound
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ABSTRACT

The paper looked into the effects of the spectral properties (waveform) of the high intensity focused ultrasound on
suppression of the ultrasonic cavitation, Three different types of ultrasound were considered in the study, which were
sinusoidal {1 MHz, 5 MPa), frequeacy modulated {from 1 MHz to 6 MHz for 10 g, 5 MPa), asymmetrically shocked
(fundamental frequency 1 MHz, peak positive pressure 12 MPa, peak negative pressure -4 MPa). The temporal response of
an air bubble in water initially 1zn in radius to each type of the ultrasound was predicted using Gilmore bubble dynamic
model and Church’ s rectified gas diffusion equation. It was shown that the radially pulsating amplitude of the bubble was
greatly reduced for the frequency modulated wave and was little decreased for the shock wave, compared to the case that the
bubble was exposed to the sinusoidal wave. It is interesting that the bubble response to the frequency modulated wave
remains similar when the frequency component of the modulated ultrasound is beyond the bubble resonant frequency 3
MHz. This implies that, althongh the ultrasound is modulated up to 3MHz rather than up to the present 6 MHz, it is likely to
produce similar cavitation suppression effects. In practice, it means that a typical narrow band ultrasonic transducer can be
taken to gencrate an appropriate frequency modulated ultrasound to reduce cavitation activity. The present study indicates
that vltrasonic cavitation may be suppressed to some extent by a proper spectral modification of high intensity ultrasound.
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Fig. 1. Ulasonic propagation parameters in the water containing
a very small amount of the air bubbles of 10 m in radius
(void fraction &= 0.001, bubble size R. = {0xm, bubble
resonant frequency fr = 0.344MHz),

10°

10

(a) Attenuation coefficient against frequency (o: bub
bly water, - pure water, liver), (b) Phase velocity against
frequency (o: bubbly water, -: pure water(1500 m/s}, air
(340m/s).
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Fig. 2, Waveforms of ultrasound used in the present study

(vertical axis : pressure normalized to SMPa;
(a) Sinusoidal wave (1IMHz, 5MPa), (b) Freguency
modulated wave (increased linearly from 1MHz to 6MHz
for 10 ss, SMPa), {c} Asymmetric shock wave {positive
peak pressure $2MPa, negative peak pressure -dMPa).
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Fig. 3. Temporal history of the oscillation of an air bubble in
water initially 14m in radius exposed to the two different
types of ultrasound with the same intensity of 0.333
chmz;
(a) Sinusoidal wave (1MHz, 0.1MPa). (b} Frequency
modulated wave (increased linearly from 1MHz to 6MHz
for 105, 0.1MPa).
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Table 1. Oscillating amplitudes of an air bubble in water initially
1p#m in radivs exposed to a IMHz sinusoidal ultrasound
increasing in its intensity (pressure).
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pressure -4 MPa)

Fig. 4, Temporal history of the oscillation of an air bubble in
water initially t4m in radivs exposed to the two different
types of ultrasound with the same intensity of 833 W/em's
(a) Sinusoidal wave (IMHz, 5MPa), (b) Frequency
modulated wave (increased linearly from IMHz to 6MHz
for 10us, SMPa). (c) Asymmetric shock wave (positive
peak pressure 12MPa, negative peak pressure -4MPa).
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Table 2. Growth rates of an air bubbles in water initially 1m in
radius activated by the three different types of ultrasound
with the same intensity of 833W/cm'. Sinusoidal: 1
MHz, 5MPa. Frequency modulated : increased linearly
from IMHz to 6MHz for 10ps, SMPa. Asymmetrically
shocked ; positive peak pressure of 12MPa, negative

peak pressure of -4MPa.
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Fig. 5. Dissolution curve of an air bubble in water under the
atmospheric pressure (R.: initial bubble radivs); (a)
Dissolving time of the bubble whose radius varies from 10
m o 99am by the increment of 10m for the value of 0.9 in
Ca«/C, (Ca: the concentration of gas in water far from the
bubble. C.: the saturation concentration of gas in water, (b)
Dissolving time of the bubble with the radius of 70 xm
when the value of C/C. varies from Oto I.
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Table 3. Time averaged amplitude of the bubble oscillation
normalized to its initial radius for an air bubble in water
initially 1 zn in radius driven by the three different types
of ultrasound at their inteusity levels of both 0.333
Wicm' and 833W/cm'. Sinusoidal: 1MHz, SMPa.
Frequency modulated: increased linearly from 1MHz to
6MHz for 10, 5SMPa. Asymmetrically shocked:
positive peak pressure |2MPa, negative peak pressure -4

MPa.
Time averaged normalized bubble ascillation <R/R.>
Driving d
0333 W/em* 3 W/em'
Sinusoidal 1027 19.018
Frequency moduofated 1050 6243
Shocked J 12783
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