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Applying of CFD Analysis to Countermeasures against Undesirable Vortices
in a Pump Sump at the Reconstruction of Nukata Drainage Pump Station

by Fuminori ETO, Lingjia ZHAO, & Norihiko OWADA

An increase in the total capacity of the drainage pump station associated with its reconstruction may lead to formation of undesirable
vortices in the pump sump. Thus, computational fluid dynamics (CFD) analysis has been conducted to examine countermeasures
against such vortices. CFD analysis covering the balancing reservoir has found an optimal setup of vortex suppression devices, and its
effectiveness has been determined through model testing. Since the setup of vortex suppression devices proposed in this study places a
minimum burden on the existing underground structure and shortens the construction period, the study of vortices associated with the
reconstruction has yielded breakthrough results. In the future, CFD analysis is expected to cover the entire portion of the study of vorti-
ces in the pump sump. This study provides a benchmark for advancement in the study of vortices.
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Fig. 1 Schematic drawing of the Nukata drainage pump station \/ (The gate is closed during pump operation)
and balancing reservoir
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(The flow direction changes squarely to the pump sump)
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Fig. 3 Specific characteristics of the pump sump and balancing reservoir
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Fig. 4 Calculated flow pattern of the pump sump including the
balancing resevoir (6 pump operation)
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Fig. 5 Inflow condition of the inlet pump sump
(6 pump opration)
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Fig. 6 Numerical results for the pump sump before modification
(flow pattern, vortex cores)
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Fig. 7 Vortex suppression devices
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Fig. 8 Numerical results for the pump sump after modification
(flow pattern, vortex cores)
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Photo 1 Test apparatus / Panoramic view of model testing
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Photo 2 Air-entraining vortex before modification
(6 pump operation)
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Photo 3 No vortex after modification (6 pump operation)
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