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Abstract

Limited by the size of the urban site, the design of flow paths in China’s urban drainage pumping
stations is becoming more complex, generally with deep, narrow and long flow channels. This
leads to the existence of backflow, uneven flow velocity distribution and other undesirable flow
patterns in the inlet channel of the pumping station, which affect the stable operation of the
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pumping station. This paper takes Shanghai Linping drainage pumping station as an example, uses
Computational Fluid Dynamics technology to simulate the flow pattern of the inlet channel of the
pumping station, and proposes a targeted optimization solution. The results of the study show that
unrectified pumping station inlet channels produce large areas of backflow and lateral flow, which
affects the stable operation of the pumping station. Through the combined rectification measures
of adding a bottom sill and deflector piers, the backflow problem has been significantly improved
and the lateral deviation of the flow velocity has been kept within a reasonable range. At the same
time, the combination of rectification measures can make the turbulent energy dissipation in the
inlet channel of the pumping station more adequate, so that the water flow effectively dissipates
energy to ensure the stable operation of the pumping station.
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Figure 1. Plan view of pumping station forebay
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Figure 2. Side view of pumping station forebay
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Figure 3. Pumping station 3D model
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Figure 4. Grid of pumping station
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Figure 5. Verification of meshing independence
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Figure 6. Lateral distribution of flow rates at different depths
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Table 1. Flow rate and lateral deviation

® 1 REREEERE

TH mH KL B P (mes )
PS5 1# 2# 3 4#
At Jiidk/(mls) 0.4320 0.2175 0.1189 0.0245 0.1982
15 171 Al 22 (%) 117.93% 9.72% 40.02%  87.64%
JEBETH %
PS5 5# 6# T# 8
B# ik (m/s) 0.0505 0.2528 0.2355 0.2181 0.1892
15 171 Al 22 (%) 73.31% 33.60%  24.46%  15.26%
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Figure 7. Vector diagram of flow rates
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Table 2. Average flow rate before and after rectification (m-s™)

*® 2. ERATENFEHREmMsY)

Gk RS JRBEH T % E 3! UEY) ES
1# 0.4320 0.3294 0.5815 0.3372
24 0.2175 0.2741 0.3086 0.2969
A 3 0.1189 0.1603 0.1890 0.1731
4# 0.0245 0.1241 0.1230 0.1207
5# 0.0505 0.1367 0.1328 0.1142
6# 0.2528 0.1285 0.1589 0.0972
o T# 0.2355 0.0594 0.0668 0.0457
8# 0.2181 0.0992 0.0971 0.1007
Table 3. Flow rate deviation (%)
T 3R IME (%)
Gk R BT % E 3! E Y S
1# 117.93% 48.40% 93.49% 45.36%
24 9.72% 23.48% 2.69% 27.99%
a 3t 40.02% 27.78% 37.11% 25.38%
4# 87.64% 44.09% 59.07% 47.97%
S# 73.31% 29.02% 16.59% 27.67%
6# 33.60% 21.28% 39.51% 8.66%
o T# 24.46% 43.94% 41.35% 48.91%
84 15.26% 6.37% 14.75% 12.58%
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