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Disintegration of Bubbles and Acceleration of Gas-Liquid Reaction with
Ultrasonic Vibrating Nozzle in Water Model Experiment
Masahiro KAWAKAMI, Naoyuki TONO, Shouichi DOUWAKI and Koin ITO
Synopsis :

The possibility to disintegrate bubbles and to accelerate gas-liquid reactions has been investigated by
applying ultrasonic vibration to the injection nozzle in water model experiment. The formation of fine
bubbles was examined by visual observation. The acceleration effect was examined in absorption of CO,
to NaOH solution and distilled water, and desorption of CO, from the latter solution. The bubbles were
disintegrated by the application of ultrasonic vibration. The effect was remarkable at low gas injection
rate. At high gas injection rate, however, large bubbles were formed discontinuously along with the fine
bubbles formation. The fine bubbles penetrated deeper into the solution due to the jet stream induced by
the ultrasonic vibration. All of the above gas-liquid reactions were accelerated by the application of ultra-
sonic vibration. This was attributed both to the larger interfacial area caused by the disintegration of
bubbles and to longer residence time of bubbles in the solution. The mechanism of the disintegration is
considered as follows : in the negative pressure period of vibration, cavities are formed in the vicinity of
nozzle tip, where some amount of gas penetrate into, then the gas is disintegrated into fine bubbles in high
pressure period of vibration. There existed the optimum nozzle dimension to accelerate the reaction,
which was determined by compromise between linear velocity of gas and amplification of vibration at nozzle
tip. .

Key words : ultrasonic vibration; gas injection nozzle; water model; acceleration; gas-liquid reaction;

bubble disintegration.
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1: Acrylic vessel 2:Bath, pure water or NaOH solution 3:
Gas cylinder 4:Valve 5:Float meter 6: Needle valve 7:
Ultrasonic power generator 8: Ultrasonic vibrator 9 : Nozzle
10 : pH meter 11 : pH glass electrode 12 : Recorder

Fig. 1. Schematic diagram of experimental appa-
ratus.
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Fig. 2. Dimension of ultrasonic vibrating nozzle.
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Ultrasonic
power
off

Ultrasonic
power

on

Gas flow rate : Q (X1075Nm?/s) di=2.0X10"*m do=5.0X10"m _
Photo. 1. Bubble formation behavior at nozzle tip, with and without ultrasonic vibration.

Ultrasonic power Ultrasonic power
off on

di=2.0%X10"%m do=5.0X10"3m Q=1.67%X10"°Nm%/s
Exposure time = 20 s
Photo. 2. Long time exposure photograph of bubble dispersion zone.
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Fig. 3. Penetration depth of bubble dispersion
zone as a function of gas injection rate, with and
without ultrasonic vibration.
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Fig. 4. First order plot of CO, absorption and
desorption.
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Fig. 5. Position of the glass electrode of pH
meter in the bath.

Table 1. Time difference (s) for CO, content to
reach 0.01 kmol/m?® at the normal and other posi-
tions.

Q(X1074Nm?/s)
U.S. P

0.167 0.500 1.000
A position- Off 10 8 5
Normal On 27 24 11
B position- Off —4 17 19
Normal On 10 16 -7
C position- Off —16 —12 13
Normal On 13 8 6
D position- Off 0 -9 -8
Normal On -3 2 -6
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Table 2. Ak (X107 % m®/s) estimated at the nor-
mal and other positions.

Q(X107*Nm¥/s)
Position 0.167 ‘ 0.500 ‘ 1.000 0.167 ' 0.500 J 1.000
U. S. P. Off U.S.P. On
Normal 1.5 3.1 4.2 3.7 4.1 6.3
1.5 3.1 4.3 3.5 4.2 6.1
Normal 1.6 3.2 4.6 3.7 4.7 7.2
1.7 3.0 4.3 3.5 4.7 7.2
Normal 1.6 3.8 5.9 3.9 5.4 7.5
1.6 3.7 5.7 3.7 5.0 7.0
Normal 1.8 3.7 5.8 3.9 5.0 7.2
1.8 3.7 5.9 3.7 4.8 7.1
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Fig. 6. Volumetric rate constant of CO, absorp-
tion of NaOH solution, as a function of flow rate of
injected gas, with and without ultrasonic vibration.
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Fig. 7. Volumetric rate constant of CO, absorp-
tion and desorption in distilled water bath, with and
without ultrasonic vibration.
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Fig. 8. Change in Ak with inner diameter of the
nozzle, at gas injection rate of 1.67 X 10~ 5m?/s,
with ultrasonic vibration.
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Fig. 9. Change in Ak with outer diameter of the
nozzle, at gas injection rate of 1.67 X 10~ ®m%/s,
with ultrasonic vibration.
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Fig. 10. Change in Ak with ultrasonic power.
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