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Abstract

In this study, the adequacy of Reynolds numbers and Froude numbers derived from about sixty domestic water treatment plants

(WTPs) were analyzed in order to estimate the characteristics of hydraulic behavior within the rectangular shaped sedimentation

basins used widely. From the results of analysis, most of domestic WTPs have satisfied the criteria regulated as that Reynolds

number should less than 1,000(dimensionless). On the other hand, they have not been able to satisfy the Froude number criteria,

which should be higher than 1.0x107%. The reasons why most of domestic WTPs could not satisfy the criteria are that its criteria

basis has been not only inadequate, but also the concept of external flow occurred around a settling particle has been ignored.

Accordingly, this study proved the feasibility of Archimedes number, which indicates the ratio between particle Reynolds number

and Froude number, to evaluate the hydraulic efficiency and its function of scale factor.
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Fig. 1 iF=&l(internal flow) 7HE 2t 2| F 5 E(external flow) 74
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Hey | HE | 8A R A )=
Ws | ®A | mY2) | Wm | Lm | Hem | = | AM& | Pmoj o Rm o Re Fr

1 =5 38,000 10.3 58.2 4.2 2 43.3 18.7 2.31 8976 1.1398x10°
2 =% 15,000 9 40 3.5 2 31.5 16 1.97 4141 3.9360x10”"
3 =% 15,000 6 40 3.7 3 22.2 13.4 1.66 3296 4.1854x10”"
R 27,000 7 27 a8 3| 26| 146 182 | 5 8.5889107
5 | =22 15,000 6 2 5] 3 27 E 18] 2045 26043107
6 | =2 15,000 9 0] 33| 2| 298| 16| 190 | o4 45430107
7| =% 50,000 2| 45 36| 41 42| 192 225|752 5.086510"
8 | =% | 280000 64 642 5] s 2| 24| 30| 11713 8.0176x10°
s | == 50,000 85 %5 5] 4] 45| 85| 230 | 5960 5.1472:107
0 | =% 50,000 2] 5 22| 3| s04| 204 247|718 6.0503x107
11 =5 174,000 12 51.2 4.5 8 54 21 2.57 9150 8.6239x10 "
12 =5 60,000 12 60 4 2 48 20 24 13252 2.2248x10°
13 =5 137,000 10.4 55 4 6 416 18.4 2.26 7202 7.8608x10 "
14 =% 16,000 8 40 4.6 2 36.8 17.2 214 4109 3.0193x10”"
5 | 2% 6000 | 015 | 3508 a2 3| 5] 66| 196 ] 1067 2,640910°
16 2k 4,000 5 18.7 4.5 2 22.5 14 1.61 1262 6.7203x10°
7 o= 2,000 25| 24| 355 2] 160 Tie| 138 ] 761 3.8894:10°
B | o 900 s 20 3] 2 2 10 2] s 16019x10°
9 | 2% 15,000 94 2 a1 2| a6 | 74| 2i6] 3%08 25168107
20 | 2% 800 45 2 a3 1] 14| 131 148 | 59 1.5818x10°
20 | 2% 13,500 76 a4 365 2| 277 | 149 186 | 400 43473107
2 | 2% 1,000 7 162 386 2| 1544 | Ti72| g2 | 37 1088110
23 =5 2,000 3 15 4.4 2 13.2 11.8 1.19 748 7.0131x10°
24 2L 5,200 74 30 4.4 2 32.56 16.2 2.01 1417 4.3367x10°
25 =5 7,500 5 28 3.55 2 17.75 12.1 1.47 2738 41591107
26 =25 20,000 8 43.2 4 2 32 16 2 5521 6.6745x10”"
27 | 2% 2,000 3 B il 2 2 1] 109 803 8.7015<10°
28 =25 25,000 8 30 4.2 2 33.6 16.4 2.05 6734 9.2341x10”"
20 | 2% 4,000 35 52| 365 2| 28] 108] 18] 163 28323107
0 | =% 3,000 52| 266 a1 2| 213|134 159 o8 425<10°
3 | w% 1,000 g 18 271 1] 188|134 140|659 27566<10"
2 | 2% 28,000 8 % a4 % 16 2| 865 3.270410°
B | w% 2500 5 % 3] 2 15 1] s 103 6.9612x10°
34 Eh 53,000 11 55 4 4 44 19 2.32 6161 5.3527x10"
35 2L 200 4 12 3.5 1 14 11 1.27 160 2.1919x107°
36 =5 4,800 10.45 50 3 2 31.35 16.45 1.91 1289 4.2036x10°
37 2L 960 4.05 15.4 32 2 12.96 10.45 1.24 380 1.3289x10°
® | 2% 2500 8 2 36| 2| 288 | 52| 189 | i 5.220910°
39 =25 660 4 7.25 4.8 2 19.2 13.6 1.41 214 2.8603x10°
0 | a5 10,000 66 3 386 2| 55| 43| 178 | 3084 2.9506+107
2 [ =% 2.400 o 54 55| 2| 495 20|  248] 50 3.245310"
2 | w% 3,500 8| =7 al 2 E 2| e 8.1762:10°
1 | 3% 3,000 3 20 511 2| 13| 132] ii6| 1003 113355107
#u | =% 3200 8| 67 38| 2| 304] 156 195] 906 19431x10°
5 | w% 2,000 s| 15 38| 2| 04| 56| 195] 66 7.5001x107
% | 3% 5,000 a1 905 295 3| 18] 99 1i9| i/ 22879107
47 =5 5,000 6 24 3.5 2 21 13 1.61 1699 1.1992x107"
48 =5 600 1.45 8 4 2 5.8 9.45 0.61 280 5.9585x10°
49 =5 2,000 3 15 4 2 12 11 1.09 803 8.7015x10°
50 2k 8,000 6 34 53 2 31.8 16.6 1.92 2128 1.129x10”
51 | 2% 500 19 8] a@| 2| 63| 54| 074] 058 2.906710°
2 | =% 300 18 85| 525 2 945 123] om | o7 44827107
55 | 2% 50,000 0] 578 il 4 20 18] 22| 6% 6007107
s | 2% 9,000 65 3 5] 5| 5| 65| 197 | 1606 5.9132:10°
55 | 25 | 165000 1225 65 il 4 9| 2025 242 17997 4.003410°
56 == 5,000 5 17 3.5 2 17.5 12 1.45 1509 1.2862x10°
57 Eh 2,000 2.6 7.1 6.1 2 15.86 14.8 1.07 596 5.0711x10"
58 | 2% 900 3 85 36| 2| 16| 03| 108 | 86 2,0512x10°
59 =5 20,000 8 35 3.8 4 30.4 15.6 1.95 283 1.8975%107°
60 =5 3,300 5 16.1 3.5 3 17.5 12 1.46 809 3.7034x10°
61 =5 35,000 9.4 53 3.7 3 34.78 16.8 2.07 6135 7.4295x10"7
2 | =% 33,000 94 53 36| 3| 3384 ] 66| 003 | 854 7.0852:107
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Table 2014 AASE ¢k 5 AAe] 27, Wi 9l 339 st
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AAE ) L8 B o8-S 49m/UR Aget AL e
T AP ARXEZE A 3R] A 1 Feke
& 15~45my/de] HLIel glojoRgto e Hujghl Adshats
285t Zlo|th. Table 204 #rlst Fk o]9] X
geometry 9} 5l whet A= JAHR, V8F ME 2t
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+ table 3olA Yehf=o] 627 Adel o
ArchimedesZE 2F 20,000014 607F4] 2] thoksl #3£
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A= 28-S 3] SJaiMe st 71Ewke] FalAof st
T ATl 1 71EREE ARSRE A AR
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ArchimedesT= &4} particle Reynolds5=2] #|39]
lom Exel Froude 7t Qltk = o] HlE R} A1
AE AETE FolAn, M 2 FEAT 2A0E
vepdch 53, 61 2 629 A2 A9 FE6] 9 19
B31go] 7]s=e 2+ 21 Reynolds =% 10,0000]3}e]t}.
Froudes=7} 10 °Rrh 2X|g} 71 2o]7} wiu)dh 210 = v}
Eptar Stk 18y table 3914 922 A g @
Archimedes5=7} 50007491 HAAE EA|3F Flo]L),
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Y MARES 2HE 8 Archimedes

Mz | ® | dA jY AT M . N
HS Al (m¥/g) W(m) L(m) He(m) x| Vy(m/sec) e, Archimedes <

1 =25 38,000 10.3 58.2 4.2 2 0.000366843 0.011201 110
2 =% 15,000 9 40 3.5 2 0.000241127 0.007363 137
3 =25 15,000 6 40 3.7 3 0.000241127 0.007363 129
4 et 27,000 7 47 3.8 3 0.000316616 0.009668 109
5 =% 15,000 6 40 45 3 0.000241127 0.007363 208
6 =25 15,000 9 40 3.31 2 0.000241127 0.007363 119
7 =25 50,000 12 455 3.6 4 0.000264974 0.008091 128
8 =% 280,000 16.4 64.2 5 8 0.000384627 0.011744 172
9 =25 50,000 8.5 45 5 4 0.000378238 0.011549 259
10 =5 50,000 12 52.1 4.2 3 0.000308543 0.009421 146
11 =% 174,000 12 51.2 45 8 0.000409727 0.012511 181
12 =5 60,000 12 60 4 2 0.000462019 0.014725 97
13 e 137,000 10.4 55 4 6 0.000462019 0.014107 253
14 =% 16,000 8 40 4.6 2 0.000289352 0.008835 259
15 =5 6,000 10.15 35.08 3.2 3 6.50116E-05 0.001985 149
16 2k 4,000 5 18.7 45 2 0.000247574 0.00756 852
17 et 2,000 45 234 3.55 2 0.000109915 0.003356 290
18 2k 900 4 20 3 2 6.51042E-05 0.001988 247
19 e 15,000 9.4 40 4 2 0.000230866 0.007049 197
20 =5 800 45 22 4.3 1 9.35279E-05 0.002856 516
21 =5 13,500 7.6 454 3.65 2 0.000226423 0.006914 110
22 == 1,000 4 16.2 3.86 2 8.93061E-05 0.002727 684
23 =5 2,000 3 15 44 2 0.000257202 0.007853 881
24 2k 5,200 7.4 30 4.4 2 0.000135552 0.004139 395
25 e 7,500 5 28 3.55 2 0.00031002 0.009466 215
26 =% 20,000 8 43.2 4 2 0.000334898 0.010226 156
27 B 2,000 3 15 4 2 0.000257202 0.007853 710
28 e 25,000 8 30 4.2 2 0.000602816 0.018407 367
29 =5 4,000 3.5 15.2 3.65 2 0.000435116 0.013286 624
30 2k 3,000 52 26.6 4.1 2 0.000125514 0.003832 346
31 2k 1,000 4 18 4.7 1 0.000160751 0.004908 875
32 =% 28,000 8 35 4 4 0.000289352 0.008835 239
33 2k 2500 5 30 3 2 9.64506E-05 0.002945 124
34 e 53,000 11 55 4 4 0.000253482 0.00774 112
35 et 200 4 12 3.5 1 4.82253E-05 0.001473 991
36 =5 4,800 10.45 50 3 2 5.31632E-05 0.001623 62
37 2k 960 4.05 15.4 3.2 2 8.90742E-05 0.00272 557
38 =% 4,900 8 26 3.6 2 0.000136329 0.004163 332
39 B 660 4 7.25 4.8 2 0.000131705 0.004022 5665
40 e 10,000 6.6 31 3.86 2 0.000282848 0.008637 252
41 =5 2,400 9 254 55 2 6.07563E-05 0.001855 1062
42 2k 3,500 8 237 4 1 0.000213635 0.006524 521
43 == 3,000 3 20 5.1 2 0.000289352 0.008835 690
44 =% 3,200 8 26.7 3.8 2 8.66972E-05 0.002647 361
45 2k 2,000 8 27.5 3.8 2 5.26094E-05 0.001606 340
46 == 5,000 4 9.05 2.95 3 0.000532876 0.016271 1159
47 =% 5,000 6 24 3.5 2 0.000200939 0.006136 314
48 B 600 1.45 8 4 2 0.00029933 0.00914 1404
49 == 2,000 3 15 4 2 0.000257202 0.007853 710
50 et 8,000 6 34 5.3 2 0.000226943 0.00693 426
51 B 500 1.9 8 3.32 2 0.000190363 0.005813 1164
52 2k 300 1.8 8.5 5.25 2 0.000113471 0.003465 2683
53 =% 50,000 10 57.8 4 4 0.000250304 0.007643 97
54 =5 9,000 6.5 35 5 3 0.000152625 0.00466 368
55 =5 165,000 12.25 65 4 4 0.000599599 0.018308 83
56 =5 5,000 5 17 3.5 2 0.000340414 0.010394 841
57 B 2,000 2.6 71 6.1 2 0.000626981 0.019144 7241
58 == 900 3.1 8.5 3.6 2 0.00019766 0.006035 1779
59 =5 20,000 8 35 3.8 4 0.00020668 0.006311 21030
60 B 3,300 5 16.1 3.5 3 0.000158155 0.004829 630
61 =25 35,000 9.4 53 3.7 3 0.000271037 0.008276 92
62 =5 33,000 9.4 53 3.6 3 0.00025555 0.007803 86
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