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Abstract sump pump is a system that draws in water that is stored in a dam or reservoir. They are used to pump
large amounts of water for cooling systems in large power plants, such as thermal and nuclear plants. However, if
the flow and sump pump ratio are small, the flow rate increases around the inlet port. This causes a turbulent vortex
or swirl flows. The turbulent flow reduces the performance and can cause failure. Various methods have been devised
to solve the problem, but a correct solution has not been found for low water level. The most efficient solution is
to install an anti-vortex device (AVD) or increase the length of the sump inlet, which makes the flow uniform. This
paper presents a computational fluid dynamics (CFD) analysis of the flow characteristics in a sump pump for different
sump inlet lengths and AVD types. Modeling was performed in three stages based on the pump intake, sump, and
pump. For accurate analysis, the grid was made denser in the intake part, and the grid for the sump pump and AVD
were also dense. 1.2-1.5 million grid elements were generated using ANSYS ICEM-CFD 14.5 with a mixture of tetra
and prism elements. The analysis was done using the SST turbulence model of ANSYS CFX14.5, a commercial CFD
program. The conditions were as follows: HW.L 6.0 m, L.W.L 3.5, Qmax 4.000 kg/s, Qavg 3.500 kg/s Qmin 2.500
kg/s. The results of analysis by the vertex angle and velocity distribution are as follows. A sump pump with an Ext
E-type AVD was accepted at a high water level. However, further studies are needed for a low water level using
the Ext E-type AVD as a base.
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Fig. 1. Sump design process(ANSI/HI 9.8)
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(b) Sump grid
(c) Base type grid (d) Ext E-type grid

(a) In-tank grid

Table 1. Condition of CFD analysis model

Name Condition Unit
Design Type Straight [7]
v |0 |
phase Single [—]
Water high 6,000 [mm]
Level Low 3,500 [mm]
Maximum 4,000 [kg/s]
l;{l:[‘: Average 3,500 [k‘]/ s ]
Minimum 2,500 [kg/s]
Turbulence Model k— w ssT (-]
Free Surface Free Slip Wall [7]
Sidewall I Non Slip (-]
Sidewall I Non Slip (-]
Backwall Non Slip (-]
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Fig. 9. Base model chart
(a) HW.L Velocity (b) L.W.L Velocity
(¢) HW.L Swirl angle (d) L.W.L Swirl angle
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(a) HW.L Velocity
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Case Water Flow Velocity Swirl
Level Rate profiles angle
g
PL p2 P3Pt ps  ps  pT g8 Qnax Fail Fail
0-d' point[1-8] o 1 HWL | @, Fail Fail
@) Qoin Pass Fail
Bazel Qax Fail Fail
mode!
LWL Qg Fail Fail
Qoin Pass Fail
Qe Fail Fail
Case 2 HWL [ Fail Fail
Qrin Pass Fail
C-tfipir Qax Fail Fail
mode!
LWL Qg Fail Fail
pl p2 p3 p4 ps p6 p7 pd . B
D point[1-] Quin Fail Fail
Qo Pass Fail
) s | EVE [ Qg Pass Fail
Qoin Pass Fail
E?T Qax Fail Fail
mode
LWL Q Fail Fail
avg
Qi Fail Fail
min
Qo Pass Pass
] Case 4 HWL Qm,g Pass Pass
| Quin Pass Pass
pl p2 p3 p4 ps pé o7 o8 Ext E-type Qmax Fail Fail
D-d point{1-8] model - -
po LWL [ Fail Fail
© Qoin Pass Fail
4. BE
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p4=

9.6, p5=1.06, p6=9.41, p7=1.03, p8=1.020]c}. HA

A W Anferel mEls 4w 2GS pl=6T,
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p8=
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6.8501H, HAFH HEAx Zn SFAZS
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