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A Study on Destratification System Using Bubble Plume:
Dimensional Analysis and Design Methodology
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Abstract

In this study, we derived a new non-dimensional variable including bubble size and air diffusing area by
Buckingham'’s theorem for making a practical correlation with experimental results. Firstly, we drew a
relationship between a non-dimensional variable, NH/u,, which has a form of Froude number and
destratification efficiency with a simple theoretical consideration. Then we derived two non-dimensional
variables by Buckingham’s rtheorem and equating them with a form of Fry, for making single parameter to
correlate overall destratification efficiency. As the result, the single parameter Be number shows a
correlations with destratification efficiencies obtained from laboratory and pilot experiments. Also, for the
practical applications, we conducted multiple regression analysis using Be and tank area to make
predictive equations about destratification efficiency. The result also shows a successful correlations with
destratification efficiency (R? > 0.9, p < 0.001). Using this equation, we proposed a new design
methodology with respect to bubble diffusing area.

Key words: Bubble plume, Destratification efficiency, stratification Froude number (Fry), Bubble efficiency
number (Be)
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Table 1. Characteristics of the bubbles used in this study and in previous studies

Experiment d, (M) x 10 Re, Edtvds number Bubble shape
McDougall (1978)2 1.25 252 0.222 Spherical
Leitch and Baines (1989)2 3.2 630 1.40 Ellipsoidal
Baines and Leitch (1992)2 4.2 1100 4.40 Ellipsoidal
Asaeda and Imberger (1993) 2,4 420, 830° 06,22 -
Chen and Cardoso (2000)2 0.15 1.61 0.00308 Spherical
Sato and Sato (2000) 0.29, 043 7.3-18.4° 0.012-0.025 Spherical
This work 0.73-3.1 152-646° 0.1-1.31 Ellipsoidal

@ from Chen and Cardoso (2000)

b velocity of the bubble was calculated using an equation given by W est et al. (1992)

Table 2. Surface tension of water in contact with air at various water temperature
Water temperature (°C) 0 5 10 15 20 25 30
Surface tension (N/m) 0.0770 0.0763 0.0757 0.0748 0.0740 0.0732  0.0724
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Table 3. Summary of experimental resuits

Case Water Tank Total Aiflow NE(s') Mean Pume M¢ U, Bubble Plume hm) Q7 Q, Destrati-
depth, area, rate, Q0 bubble Number, spreading horizontal fication
Hm) Am3)  (m%s) diameter  Py? ratio, length efficiency
x10® (mm) A scale, D(m) (%)
(LTL*1) 06 10 5.0 0311 22 84 0073 37 058 0.028 03 021 44 2.60
(LTL*2) 06 10 167 0340 17 660 0012 57 045 0.040 03 005 24 5.80
(LTL-3) 08 1.0 333 0426 1.9 2082 0018 46 052 0.040 04 005 40 6.28
(LTL*4) 08 10 3.33 0338 1.9 1039 0.018 48 050 0.040 04 006 40 445
(LTL*-5) 04 10 133 0799 15 2072 0.015 49 050 0040 025 002 26 7.30
(LTL®6) 0.6 1.0 5.0 0261 22 50 0.073 39 0.56 0.028 0.3 026 44 2.57
(LTL®7) 06 1.0 5.0 0272 20 113 0037 46 052 0.040 03 015 53 3.91
(LTL>-8) 06 1.0 5.0 0266 1.9 157 0024 51 049 0.049 03 011 59 4.60
(L9 o6 10 5.0 0294 18 285 0018 54 047 0.056 03 008 65 533
(LTL*10) 06 1.0 5.0 0324 138 477 0015 55 046 0.063 03 006 71 5.41
(LTS*-1) 06 0.125 10.0 0310 24 42 0147 341 0.62 0028 035 029 737 366
(LTS**-2) 06 0.125 2.0 0.301 20 190 0029 47 051 0028 035 009 197 496
(LTS**-3) 06 0.125 1.0 0292 18 350 0015 56 046 0028 035 006 134 504
(LTS**4) 06 0.125 0.5 0289 17 676 0007 67 040 0028 035 004 075 508
(LTS*-5) 06 0.125 0.33 0301 14 1144 0005 73 036 0028 035 003 071 472
(LTS**6) 0.6 0.125 100 0317 25 45 0147 31 062 0028 035 028 652 299
(LTS*%-7) 06 0.125 2.0 0301 21 190 0.029 4.7 0.51 0.028 035 009 181 5.37
(LTS**-8) 06 0.125 1.0 0304 19 392 0015 55 046 0028 035 005 111 492
(LTS**-9) 06 0.125 05 0299 1.8 749 0007 66 040 0028 035 004 063 396
(LTS*>-10) 06 0.125 033 0300 18 1129 0005 73 036 0028 035 003 049 361
(PT-1) 40 240 833 0053 3.0 1036 0.012 55 046 0.146 12 002 289 408
(PT2) 40 240 3333 0045 31 160 0.050 4.0 056 0.146 12 007 1083 381
(PT3) 40 240 16.67 0.067 3.0 1070 0.025 43 054 0.146 12 002 565 501
(PT-4) 40 240 3333 0035 3.1 75 0050 43 054 0.146 12 009 1083 332
(PT-5) 45 240 3333 0059 3.1 372 0048 38 057 0.146 17 0033 1048 543
(PT-6) 45 240 3333 0059 30 744 0024 45 052 0.207 17 0020 1091 626
(PT-7) 44 240 3333 0061 30 1607 0.012 53 047 0.293 16 0013 1113 717
(PT-8) 44 240 3333 0057 29 2960 0.005 64 040 0.439 16 0.008 1196 946
Note: “LTL and LTS represent laboratory-scale experiments while °PT represents pilot-scale experiment.
®Data from Ahn et al.{2004).
9Plume numbers were calculated for each plume.
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y = 19956Ln(x) - 31759
- R? = 08281 ¢

Destratification efficiency (%)
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Fig. 2. Destratification efficiency versus Be number (Case LTL;

Tank area=1.0m?).
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Destratification efficiency (%)
o
5
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Fig. 3. Destratification efficiency versus Be number (Case LTS;
Tank area=0.125m2).
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