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Optimization of Distribution Basin Weirs at a Sewage Treatment
Plant Based on Computational Fluid Analysis Using the Taguchi
and Minitab Method
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Abstract

The role of the distribution basin role is to apportion incoming raw water to the primary sedimentation basin as part of the water
treatment process. The purpose of this study was to calculate the amount of water in the distribution basin using computational fluid
dynamics (CFD) analysis and to find a way to improve any non-uniformity. We used the Taguchi method and the minitab tool as
optimization methods. The results of the CFD calculation showed that the distribution flow had a deviation of 5% at the minimum inflow,
10% at the average inflow, and 22% at the maximum inflow. At maximum flow, the appropriate heights of the 7 weirs(C, D, A, B, E, F,
G) were 40 mm, 20 mm, 20 mm, 0, 0, 0, and 20 mm, respectively, according to the Taguchi optimization tool. Here, the maximum
deviation of the distribution amount was 9% and the standard deviation was 23.7. The appropriate heights of the 7 weirs, according to the
Minitab tool, were 40 mm, 20 mm, 20 mm, 0, 0, 0, and 20 mm, respectively, for weirs C, D, A, B, E, F, and G. Therefore, the maximum
deviation of the distribution amount was 8% and the standard deviation was 17.1, which was slightly improved compared to the Taguchi
method.
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Fig. 1. Top view of distribution basin.
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Fig. 3. Computational domain and grids of distribution

basin.
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Fig. 4. Water and air domain at Cross-section view of
distribution basin.
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Table 1. Taguchi mixed arrangement table(L16(4*2, 2*5))
Item C D A B E F G C D A B E E G
1 1 1 1 1 1 1 1 0 0 0 0 0 0
2 1 2 1 1 1 2 2 0 20 0 0 0 20 20
3 1 3 2 2 2 1 1 0 40 20 20 20 0 0
4 1 4 2 2 2 2 2 0 60 20 20 20 20 20
5 2 1 1 2 2 1 2 20 0 0 20 20 0 20
6 2 2 1 2 2 2 1 20 20 0 20 20 20 0
7 2 3 2 1 1 1 2 20 40 20 0 0 0 20
8 2 4 2 1 1 2 1 20 60 20 0 0 20 0
9 3 1 2 1 2 2 1 40 0 20 0 20 20 0
10 3 2 2 1 2 1 2 40 20 20 0 20 0 20
11 3 3 1 2 1 2 1 40 40 0 20 0 20 0
12 3 4 1 2 1 1 2 40 60 0 20 0 0 20
13 4 1 2 2 1 2 2 60 0 20 20 0 20 20
14 4 2 2 2 1 1 1 60 20 20 20 0 0 0
15 4 3 1 1 2 2 2 60 40 0 0 20 20 20
16 4 4 1 1 2 1 1 60 60 0 0 20 0 0
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Fig. 5. Inflow per hour by hourly, Q1 2020.

Fig. 7. Velocity profile within the distribution basin.
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Fig. 8. Ratio of outflowing over each weir depending on

inflow per hour.

Table 2. Relative ratio of flowing over each weir depending on inflow per hour Unit : %
‘ Flow 5,244 m’/hr 7,500 m’*/hr 9,747 m’/hr 12,363 m*/hr
Weir
A 105 102 97 94
B 98 94 92 91
C 100 110 122 129
D 99 106 107 113
E 97 93 95 93
F 96 93 91 87
G 104 102 97 94
3. Zot ¥ nH 12,363 m*/hrZ 7|Z0 2 ATk
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Table 3. CFD calculation result by Taguchi mixed arrangement table
Item C D A B E F G SN S.D.
1 471 411 374 353 365 351 374 19.2 424
2 485 361 420 380 379 320 356 17.2 53.0
3 493 322 375 336 335 397 442 15.7 63.1
4 528 283 401 361 361 363 403 14.3 74.4
5 415 443 433 329 328 388 364 18.2 473
6 422 382 443 337 336 337 443 17.7 50.1
7 423 322 371 401 400 400 376 21.6 32.1
8 427 270 385 409 408 346 454 16.0 61.0
9 350 453 377 401 338 337 444 18.0 48.4
10 360 394 388 412 349 410 386 242 23.7
11 357 329 455 348 410 346 454 17.2 533
12 367 279 466 357 419 418 394 16.2 59.5
13 301 475 399 358 420 354 393 16.8 55.5
14 290 399 390 350 411 407 453 17.4 52.0
15 317 342 475 429 365 366 406 17.0 54.2
16 303 277 464 419 355 418 464 14.2 75.2
Table 4. Flow sensitivity by each weir
Item C D A B E F G
1 16.6 18.1 17.1 18.4 17.7 18.4 16.9
2 18.4 19.2 18.0 16.7 17.4 16.8 18.2
3 18.9 17.9
4 16.4 15.2
Delta 2.55 3.96 0.89 1.74 0.28 1.55 1.28
Ranking 2 1 6 3 7 4 5
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Fig. 10. Plot of main effect by signal to noise ratio.
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Fig. 11. Optimized value by minitab calculation.

Table 5. Optimization result by minitab calculation

Variable C D A E F G Fitness
Solution 40 20 20 0 0 20 0.895
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Table 6. Comparison of optimization result by Taguchi and Minitab method

Method Item C D B E F G S.D
Weir(mm) 40 20 0 20 0 20

Taguchi Flow(1/s) 360 394 388 412 349 410 386 23.7
Ratio(%) 0.95 1.04 1.03 1.09 0.92 1.09 1.02
Weir(mm) 40 20 0 0 0 20

Minitab Flow(l/s) 355 389 379 402 400 399 376 17.1
Ratio(%) 0.92 1.01 0.98 1.04 1.04 1.04 0.98

T8]31 o] H A E 7R HE . a3t A= problems, Quality and Reliability ~Engineering
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