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Statistical Analysis of Gas Bubbles Dispersion in Liquid Phase

— Water Model Experiment on Bottom Blowing Processes —

Masahiro KaAwakAaMI, Noboru TOMmMOTO, and Koin ITO

Synopsis:

Nitrogen gas was injected into water through a vertical nozzle which was placed at the bottom center
of a cylindrical container. Bubbes dispersed in water were detected by electroresistivity probes. Time
series data obtained were processed with a micro-computer and subjected to statistical analyses. It was
shown that the bubble dispersion was a stochastic process and horizontal distribution of the bubble
frequency was represented by a two dimensional Gaussian curve around the jet axis. Cone angle of
the bubble dispersion zone was defined explicitly from the locus of threefold standard deviation of the
distribution on a vertical plane through the jet axis. The cone angle varied noticeably with the geo-
metry of water vessel which would affect the profile and velocity of the circulating flow in the bulk
watei. = Local rising velocity of bubble was determined by taking cross correlation of two time series
data which were obtained from two probes located close each other along the rising path. Size distri-
bution of bubbles was determined locally by a new method which was originated from quantitative
stereology. It was shown that the measurement of time series by the electroresistivity probes coupled
with the statistical analyses was helpful to investigate the spread and structure of bubble dispersion

zone in electrically conductive liquids.
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Fig. 1. Schematic diagram of water vessel.
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Fig. 2. Schematic diagram of gas blowing system.
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Fig. 3. Schematic diagram of electrical circuit and
recording systemn,
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Fig. 4. An example of the time series data after
A/D conversion,
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for n =1 to data end
If switch= liquid
then else
if {8Xnl> threshold if8.Xnx 8.Xn <0
do then else then else

switch:= liquid
Nb == Nbh + 1

switch:= gas

Fig. 5. N. S. Chart for the computation of bubble
frequency.
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Fig. 6. An example of cross-correlation function
calculated using equation (6).
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for. n:=1 to data end
then if Xn=threshold else
then ”sw'tnh:gaelse t=t+1
do b= t switch:= gas
t =0
switch:=lig.
k= k+1 ‘
for i:=1 to k
dq j=int(t; 78) +1
nLj = nLi + 1
for j==1to 10
do -4 L _ Ny
Ny =5 { 72— gyeiy ) eq.(17)
for j==11to 10
do [ Nv' = Nv' + Nvi
for j =1¢to 10
9o pj= Nej/ Ner x 100 eq.(18)

Fig. 7. N. S. chart for computing the distribution
of bubble diameter.

Table 1. Allocation of experimental conditions

according to orthogonal array $Hi.
Run Factors Rundom Experimental
No. 1 9 3 5 6 7 number order

1 + o+ 4+ o+ o+ o+ o+ 48 4

2 + + = -+ = = 73 1

3 U 45 5

4 + - - 4+ = = o+ 59 3

5 - - - - 4 4+ + 4 8

6 - - + + + - - 31 6

7 -+ - o+ - o+ - 70 2

8 -+ + - = = 4 50 7

Allocation of factors :
| RS Bath depth H AT Bath radius R Fueeren Gas flow
rate Q  4.wError Serrere Cross effect of H and R
Geeveee Cross effect of H and Q  7eeeee Cross effect of R and Q
Experimental conditions :
Bath depth H+ =600 mm, H-—=400 mm Bath radius R+
=400 mm, R—=200mm Gas flow rate Q4+ =40!//min,
Q—=20!/min Nozzle diameter Ng=3.0 mm
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Fig. 8. An example of radial distribution of bubble
frequency and Gaussian curve fitting the data.
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Fig. 9. Radial distribution of bubble frequency at
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Fig. 10. The locus of threefold standard deviation
and definition of the cone angle «.
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Table 2. Experimental results for cone angle obtained
under conditions shown in table 1.

‘Run no.| o mean value : @ = 26.8

1 30.0 | effects : 1 = -0.2 ---[H]

2 24.6 2 =-0.8 ---1R]

3 27.6 3= 1.2 ---[Q]

4 23.6 4 = 0.4 ---erroT
5 29.0 5= 1.6 ---[HXR]
6 29.8 6 = 1.2 ---[HXQ]
7 24.8 7= 0.0 ---[RXQ]
8 24.2

Table 3. Table for variance analysis.

Sample Population -
Factor variz?nce Freedom var%ance F
R 2.5¢ 1 2.56 10.38*
Q 5.76 1 5.76 23.35*
HXR 10.96 1 10.90 44, 15%%
HXQ 5.30 1 5.30 2].65*%
Error 0.74 3 0.246 1.0
25,24 7
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Fig. 11. Radial distribution of local gas hold-up.
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Fig. 12. Radial distribution of rising velocity of
bubbles at 80 and 160 mm above the nozzle tip.
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Fig. 13. Fractional histogram of bubble diameter at
80 mm above the nozzle tip by equation (4).
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Fig. 14. Radial distribution of bubble frequency at
positions up from nozzle tip showing non-Gausian
distribution, ‘
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