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Turbulence Structure near Water Surface Induced by Bubble Plume

Koji ASAI (Department of Civil and Environmental Engineering)
Koichi TSUBOGO (pivision of System Engineering)

Eckenfelder pointed out that an air-water gas transfer coefficient for air bubbles rising through a column of water was
proportional to 2/3 power of water depth. To investigate this mechanism, turbulent flows induced by air bubble plume
were measured by using Laser Doppler Velocimeter. The main results obtained in this study are as follows:

(1) Both the horizontal and vertical turbulent intensities are nearly constant in the vertical direction in the bubble plume.

(2) Both the horizontal and vertical turbulent intensities are enhanced near the water surface out of the bubble plume.

(3) The magnitudes of the vertical turbulent intensities near the water surface are proportional to the aeration water
surface out of the bubble plume.
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Table 1 Experimental conditions

Nozzle | Mean Diameter of | Air Flow | Aeration Water RUN
Type air Bubble(mm) [ Rate(ml /s) Depth(cm)
20 A
30 B
Type A 1.95 224 0 C
50 D
15 E
20 F
Type B 1.19 15.77 30 G
40 H
50 I
aeration water depth
Table 1 L 3
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Fig-2 Measuring points for turbulent flows
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Fig.4 The velocity vector (run D)

horizontal turbulent intensity (cm/s)
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Fig.5 Experimental results for the horizontal (x-direction) turbulent intensity
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Fig.6 Experimental results for the horizontal (x-direction) turbulent intensity
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Fig.7 Experimental results for the vertical (y-direction) turbulent intensity
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vertical turbulent intensity (cm/s)

1 2 3 4 5 6 7 8
0 T T T T T T
O x=6.5cm
A x=12.5cm
o IN
2l
o A
o A
Al
o N
E, o IN
£ 6
Q.
3
z
<
= gl
10 -
o IN
12
(@ runF
vertical turbulent intensity (cm/s)
1 2 3 4 5 6 7 8
0 T T T T T T
o IN
O x=6.5cm
°
s ¢} A
o A
10 | o A
5 15 |- o) A
=
g
5200 ) A
o
2
25 o A
30 o A
35
(¢)runH

vertical turbulent intensity (cm/s)

1 2 3 4 5 6 7 8
0 T T T T T T
¢} A O x=6.5cm
o A | A x=12.5cm
o A
o IN
51 o A
_ 10}
£ o IN
<
<
=1
3
§ 15 o A
20r o A
25
(b) run G
vertical turbulent intensity (cm/s)
1 2 3 4 5 6 7 8
0 T T T T T T
o £
R =
5[ o } =
10 |- 1) A
15 | o A
S22 o A
=
a
3 25 ° A
g
g
30 | ) A
3B o A
40 o A
45

(d)runl

Fig.8 Experimental results for the vertical (y-direction) turbulent intensity
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(a)The horizontal turbulent intensities (x=12.5cm)
horizontal turbulent intensity (cm/s)
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(c)The horizontal turbulent intensities (x=6.5cm)

Fig.9 The turbulent intensity
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(a)The horizontal turbulent intensities (x=12.5cm)
horizontal turbulent intensity(cm/s)
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(c)The horizontal turbulent intensities (x=6.5cm)
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vertical turbulent intensity (cm/s)
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(b) The vertical turbulent intensities (x=12.5cm)
vertical turbulent intensity (cn/s)
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(d) The vertical turbulent intensities (x=6.5cm)
near the water surface
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(b) The vertical turbulent intensities (x=12.5cm)
vertical turbulent intensity(cm/s)
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(d) The vertical turbulent intensities (x=6.5cm)

Fig.10 The turbulent intensity near the water surface



