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Numerical Analysis of the Subsurface Vortices
in the Pump Sump Models
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ABSTRACT
In order to study the characteristics of the subsurface vortex the flow fields of the three pump sump

models were analysed by the numerical simulation. The calculation results show that there are circulation
flows in the pump swnp model and maximum vorticity strength which make iso-surface from the wall to
the pump inlet could be used for predicting the subsurface vortex generation. Also, the flow field for the
sump model with anti-vortex devices simulated and the results shows that there is no vorticity value which

make iso-surface from the sump wall to the pump inlet.
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Fig. 1 Geometry of the sump model
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Fig. 2 Calculation grid for the Sump 2
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Fg 3 Streamiines around the pump inlet{Case 3)

Table 2 Calculation condition for the Sump 1

Table 1 Main dimensions of the sump models
Fl
Sump W H A B Case [r(r)xX;nun] Test result
Sump 1 351D 464D 086D 141D Case 1 125 None
Sump 2 340D 371D 1.26D 176D Case 2| 187 None
Sump 3 300D | 333D 223D 100D Case 3| 393 Subsurface vortex at the bottom wall
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Fig. 4 Vector plot with contour and

vorticity{Case 3)

Table 3 Calculated vorticity for the Sump 1

Case Wall Range” Max. value™
Side -11.8 ~ 58 -8
Case 1 Bottom -23.7 ~ 11.3 ~-14
Back 65 ~ b4 -4
Side -224 ~ 7.7 -14
Case 2 Bottom 222 ~ 22.3 20
Back -137 ~ 123 -11
Side -483 ~ 17.1 -33
Case 3 | Bottom -305 ~ 473 45
Back -189 ~ 219 5

* Vorticity range at the #/Ly=2/Ln= £/Lta= 003

plane
#*  Maximum vorticity(absolute value) which make
continuous iso-surface from the wall to the pump inlet

A AAE At vl@Igh uid RO TRE
HE FATHAY ATE Lo, ¥ HUOZRE I
FANA Y AE Ly, 3 HHESZRE HIX FA7
Ao AE L.ttt &a HHdAEEs AE ¢
olgtx & wj Z}2+9] /L, £/La, £/Lea 3ol 0.030]
He FHdA Y gre Hd 2 Haghy Hucay

B 29I 97747 d2dss 9E §9 Eug we
= Hd 9% %L Table 39 vl Hd o=

o AYgtel 7P & A¢t vieh wolo] wigt W o
9 wRoqY A SE g %) 242 1 Ay
zkol AxE 9 Hwele H FE Zhe A nnag
2 A ZFE BT "N Sump 19 A%olx=
A S5l g Rl £5 4R 0

& 71540 b4 mckn & 4 9ok

Sump 2¢} Sump 39 o3k AL 7gJ)r§_‘?_E1 214
gGE T BB o] fo APANY £F i
A AE Fig. 59 dehiden At @*aca 23
M) stme] A, Hagh ® WHdARY g2 F
T7H dAHE dx FY FUE Btee A 9%
#& Table 49 YeEITh EolA 9= 5U EH9
A gho] fle A$E WA FZ FY7AA] o
Age 9% §9 FHo] gk AL vehim ok

Sump 28] A5 APelA uie ¥ g WA B
T FE UL gAsgen o FEHY AR
B HueA Hx F7bA dA=HE 94E Y ¥
He wee g5 Hugez A4 g FUYEH
I FAE F4E Holx Qlvh ®=F Sump 39 A9
ARG BRo] & FRoA £F SF7t Bt

ﬁ&m&rﬂ

- 595 -



(a) Sump 2

{b) Sump 3

Fig. 5 Calculated vorticity iso-surface and tested
undergrounded vortex generation
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Table 4 Calculated vorticity for the Sump 2 & Sump 3

Sump Wall Range Max. value
Side -76 ~ 21 17

Sump 2 | Bottom -56.5 ~ 272 -41
Back ~-15 ~ 12 -
Side -46 ~ 308 30

Sump 3 | Bottom 71 ~ 52 -
Back -40 ~ 34 -
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(b) With anti~vortex devices

Fig. 6 Streamlines for the Sump 2
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