C13-4
The Behavior of a Single Rising Bubble in Contaminated Water
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The effect of the contaminant on a single bubble rising through water is analyzed. Polar-type grid system is used as a
boundary-fitted grid, and the full Navier-Stokes equation is solved coupled with an equation of surfactant
concentration. Marangoni effect due to adsorption of the contaminant is taken into consideration as the boundary
condition. In order to evaluate temporal evolution and steady state of the flow around a bubble, numerical simulation
has been executed for several conditions. And then we have investigated the sensitivity of a bubble behavior to the
variation of physical properties or volume concentration of contaminant. The evolution of drag coefficient of the
bubble qualitatively agrees with experiment.
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Fig.1 Numerical grid
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Table 1 Physical properties of contaminant
1-propanol | 1-butanol | 1-pentanol | Triton
X-100
k m*mol g 0.508 170 5.08 50
b[mol/n| 179 62.5 21.7| 6.6x 10*
kb [1/] 90.9 106 110 3.3x 10?
Gy mol/n] 5.9x 10° 2.9x 10°
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Fig. 2 Drag coefficient of a bubble

Table 2 Volume concentration of contaminant (above) and

drag coefficient of a bubble (below)

k.C[Um g 1-propanol | 1-butanol 1-pentanol
0.508 Imol/n? | 0.3mol/n? | 0.1mol/n?
0.484 0.463 0.458
1.70 2mol/n? | 0.6mol/n? | 0.2mol/n?
0.611 0.566 0.555
508 | 10mol/nt 3mol/n? 1mol/n?
0.994 0.971 0.962
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Fig. 3 Time evolution of drag coefficient of a bubble
Table 3 Comparison of distance between experiment and
numerical simulation
Concentration[mol/n?] | 2.5x 10° | 12.5x 10° | 74.9x 105
Experiment® 0.44m 2.3m 3.7m
Numerical 1.0m 1.6m >4.5m
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Fig. 4 Time evolution of drag coefficient of a bubble

(a)1-propanal, (b)1-butanal, (c)1-pentanol
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