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Abstract

Vortex and swirl occurring in a pump suction intake sump normally reduce the performance and
disturb the safe operation of the circulation water pump in thermal power plants. This paper presents a
case study of one particular intake sump design via a CFD analysis and a hydraulic model testing. The
physical experiments and numerical analysis were performed under two flow and three level variation
conditions. The vortex patterns around the pump suction pipe have been predicted by a commercial
CFD code with the k-e model. The model tests were conducted on a 1/10 model for a practical intake
sump. The location, number and general pattern of the free surface vortex and submerged vortex
predicted by CFD simulation were found to be a good agreement with those observed in the model

testing.
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Fig. 1 Calculation grid for the Pump Sump
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Table 1 Model Test conditions

Flow Rate
sg . . (m"/min)
(mm) Air-entering vortex | Underground vortex
Rated | Run-out | Rated | Run-out
flow flow flow flow
LLWL 749 577 6.64 12.17 14.00
MSL 1260 5.77 7.19 12.17 15.17
HHWL 1780 5.77 7.59 12.17 16.00
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Fig. 2 Observation of the vortex formation in the preliminary
test(LLWL, Run-out, UGV)



Fig. 3 CFD Analysis of the vortex formation in the
preliminary test (LLWL, Run-out, UGV)

Table 2 Test result of the preliminary test

Water | Flow

Level | Rate \/Tortex Phenomena

(mm) | (m/min)| 'YP
577 | AEVY | Fully AEV near the back wall

719 127 |UGV?| UGV from the bottom and hack wall
6.44 | AEV |Fully AEV near the back wall
14.00 | UGV | UGV from the bottom and back wall
577 | AEV None

1260 12.17 | UGV | UGV from the bottom and back wall
719 | ARV None
15.17 | UGV |UGV from the bottom and back wall
577 | AEV None

1780 12.17 | UGV |UGV from the bottom and back wall
759 | AEV None
16.00 | UGV |UGV from the bottom and back wall

1) AEV :Air-entering vortex, 2) UGV : Underground vortex
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Fig. 3 Observation of the vortex formation in the preliminary
test (LLWL, Run-out, AEV)
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Fig. 4 CFD Analysis of the vector plot in the preliminary
test(LLWL, Run-out, AEV)
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Fig. 5 Anti-vortex device
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Fig. 6 Observation of the vortex_ formation in the final
modification test(LLWL, Run-out, UGV)

Fig. 7 CFD Analysis of the vortex formation in the final
modification test( LLWL, Run-out, UGV)
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Fig. 8 Observation of thevortex formation in final
modification test(LLWL, Run-out, AEV)
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Fig. 9 CFD Analysis of the vorte'x”f'ormation' |n the final
modification test (LLWL, Run-out, AEV)
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