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Optimization of a Novel Combined Sewer Overflow Storage Tank Based on

Numerical Simulation
TAN Zhi-cheng, YU Jian
(School of Civil Engineering, Hunan University, Changsha 410082, China)

Abstract; A novel combined sewer overflow storage tank with an effective volume of 5 000 m® was
proposed to solve the current issues of combined sewer overflow pollution. Three-dimensional solid-liquid
two-phase flow in the novel storage tank was simulated using computational fluid dynamics software. The
internal tank structure was optimized through steady-state simulations in conjunction with orthogonal
experiments. The distribution of the physical quantities in the tank was analyzed. The performance of the
storage tank in removing the overflow pollution caused by field rainfall was discussed by unsteady
simulations. The results under steady-state simulations suggested that the optimal dimensions of the tank
with a hydraulic retention time of 0.7 h were as follows: inlet length of 1.6 m, vertical baffle depth of 2
m, horizontal baffle length of 0.75 m, and bottom inclined plate angle of 45°. The removal efficiency of
SS in the baffle section was 97.3% . Under unsteady states, the removal efficiency of excess overflow
pollution caused by rainfalls with return periods less than one year of the novel storage tank was about
twice that of the traditional storage tank with the same volume.
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Fig. 1 Structure diagram of the novel storage tank
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Tab.2 Results and range analysis of orthogonal test scheme
G5 | Am | B/m | om | Do) o B %
PrifBe | HE

1 0.7 | 2.00 | 0.50 15 26.83 100
2 0.7 | 2.25 | 0.75 30 6.46 100
3 0.7 | 2.50 | 1.00 45 49.93 100
4 0.7 | 2.75 | 1.25 60 18.19 100
5 1.0 | 2.00 | 0.75 45 93.99 100
6 1.0 | 2.25 | 0.50 60 26.29 100
7 1.0 | 2.50 | 1.25 15 48.23 100
8 1.0 | 2.75 | 1.00 30 40.93 100
9 1.3 | 2.00 | 1.00 60 54.86 100
10 1.3 | 2.25 | 1.25 45 95.67 100
11 1.3 | 2.50 | 0.50 30 70. 80 100
12 1.3 | 2.75 | 0.75 15 67.56 100
13 1.6 | 2.00 | 1.25 30 93.05 100
14 1.6 | 2.25 | 1.00 15 94.89 100
15 1.6 | 2.50 | 0.75 45 96.89 100
16 1.6 | 2.75 | 0.50 60 95.44 100
ky |25.35|67.18 | 54.84 | 59.38
ky, 152.36|55.83 | 66.22 | 52.81
ky 72.22|66.46 | 60.15 | 84.12
k, 195.07|55.53 | 63.78 | 48.69
R 169.71]11.65 | 11.38 | 35.42
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Tab. 1 Level design of factors Tab.3 Variance analysis of SS removal rate in baffle section
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| KEE/m YR/ m K/ m FRE/(°) Sk w22~V J7 F0|8 e BE) 3407 FAH p B
1 0.7 2.00 0.50 15 A [10512.66 | 3 [3508.73|14.05(0.028| B
2 1.0 2.25 0.75 30 B 495.94 | 3 166.00| 0.67|0.623 | AN &
3 1.3 2.50 1.00 45 c 291.80| 3 97.93| 0.40|0.763 | ANg &
4 1.6 2.75 1.25 60 D 3012.25| 3 973.21| 3.86(0.146 | A~ @3
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Fig.3 Three dimensional distribution cloud map of SS
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Fig.4 Diagram of streamline to velocity distribution in Y-Z

plane
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Fig.5 Diagram of SS volume fraction distribution and
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Tab.4 Removal rate of SS under different HRT
HRT/h 0.7 0.5 0.3
HEO S/ (m - s") 0.103 | 0.145 | 0.241
IR BY SS 5/ % 96.9 73.2 49.6
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Fig. 6 Diagram of streamline to velocity distribution in

symmetry plane at HRT =0.3 h and HRT =0.5 h
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