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Numerical Analysis on the Flow Uniformity in a
Pump Sump Model with Multi Pump Intake
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ABSTRACT

The head-capacity curves for pumps developed by the pump manufacturer are based on tests of a single pump operating in a

semi-infinite basin with no close walls or floors and with no stray currents. Therefore, flow into the pump intake is with no vortices

or swirling. However, pump station designers relying on these curves to define the operating conditions for the pump selected

sometimes meet the reductions of capacity and efficiency, as well as the increase of vibration and additional noise, which were

caused by air-entered flow in the pump station. From this background, the authors are carrying out a systematic study on the flow

characteristics of intakes within a sump of pump station model. Multi-intake sump model with anti-submerged vortex device basin

is designed and the characteristics of submerged vortex is investigated in the flow field by numerical simulation. In this study, a

commercial CFD code is used to predict the vortex generation in the pump station accurately. The analysed results by CFD show

that the vortex structure and effect of anti-submerged vortex device are different at each pump intake channel.

1.M B

HEO| A5 duid o R AzUA oA HZ A H=
7b 25E HEA S-S nEstA] 31, HE AA9 A
T Tejste] AA| - JdE] ok et HER fQlEE
freoll 23 HEA(vortex)Q} A3 F(swirl) 2] ol o3
A HE AAA =R ghoitt T ST FHAA
3F B0l M3 RU) HASH, AgEHAE 3718 B
gF HEl A0 Z ofoflA= FRAQ AP AR QlEhe
7R elo] H(cavitation)o] WAYSHA A}, o|st 55 FH 2o

© @REdaE
o SuRte ey B
xR ouEHE)

weer gRSoyEtL 1A - RuE

t HAIA A}, E-mail : lyh@hhu. ac kr

14 KHDIAXME: 124, 45, pp. 14~22, 2009(=2& %

2 sl Huol &g A3}, JF L &% BAE 4o ¢
ek 2fu2 FUT™ F49 5 TRE Hobsty] fiste] vt
A 24y 52 53t Eklo] dasi

)=o) ;1 @2 Padmanabhan} HeckerV7} &%
FolojlA A= RElA0] eI sl 2o 23
- &of tf3te) HelAol FES Froudesrol 2Jste] ER3IGH.

Rajendran §®-& ARz Adte] =7 FYTHE T &
A4z U9 32k dFA5-S A5k 1 daE AY
7} v B4 Lee®E EUT FH9 AR A
9 ofFjollx] WA= REAE 7HAIS} 51%13L, Nagahara
508 Bz Y f2HFo o] Bdy 4o o3 &9
B 2909l g0l dofo] AR AL At

T3 AEERIAFI O A= HE FYezo tigt 4
& st en, 5t A o] diste] o F72

U 2008.12.26, AAFRZAXL: 2009.05.28)



A X

T o %

A

mo
rnr
i}
=1

bal

ok

oz

S} T2 ARSI A3 Q) BEIsAS AEstg

E’h‘i, oAz o] FOo] nYPAFH S Eﬁ}oﬁ ]

goll tigh AR AAlEtgon, 4 50 2 SAd)4e

Soto] % el tigt 3534 S s olAY 2
Woll M= B2 0] AA Sofl Bat et dea7) 23g=1
Urt,

£ dollde E480) TR FAE B2 2o tist
o 2 844 Ao 5ol BE H5RUIE
sl AESiE g0l ZHonl, B3 wal F4Ae] ot
Anti—submerged vortex device(AVD) G-o]] II]- S=EA
0 AVD AAA2) A B wde] e 2 3440 5
54 A HA PHoR wn W AEeke),

Fig. 12 & Q7oA $28442 4-3st7] 9131 AA| -5
4 2o 2-D §4g Yehia glon), HAS SN
8371 AT ok el sick 2 el Wy s

Z N9 E5AE 7T 9o, 7+ F2A o] Bolwke
s oz BEET WA Pl oIz Yool

Agehs Faet maYsio] LS 2t 7 54
39 89 22 29, 5y HMOETH 242t 70 mm, 180

Y AR 9AE

b 22

g

Fig. 1 2D drawing of pump station & analysis region

FHOIANL H128, ®M45, 2009

o fer2g
1 i
i 1
I} / L
% L b
s ) ST
3002
£ s i d b 128
Bap G wd E &7
- Bon: - foond Py
%, ¥ B

Fig. 2 Bell-mouth and anti-submerged vortex device
sl AppmEoRRE ] F71EYUL WAstgon, 43 1
Yaz QI ApulElol e oAlsls] SIsted FeUT shitel
A% S 2 AVDE Agskart
Sl A gE FUTe) WA AVDY] F4
o] d=s vEhiT Stk S99 WA D) 150 mmo]
W, Z¥zbof gt A= I Pk

ANARE AR 44 A8 299 ICEM CFDE o} §
3lo] 3-D hexa—hedral type?] ZAX}E2 JLAsIGT}

Fig, 3& At 573l tigh ALtdzte] 4e Ho
F3 glon], AE AR St By wY 4 4 o
330%F =E7F ARGEGT, T S ol oigt Azl
oF 805 157k AMGERAT 2t ARl Tg FAANE A
Z23e] ANSYS CFXE AR5l o, AEodas 25T
ol £&, AARACEE dFole 949, &7de &= 24
(Bm/s), AR dAZAS HEsHt 4R mde
SST(Shear Stress Transport) @& A-85}a] AAMAIE A
Ahe pEfEkgict

Fig. 3 Computational hexa—-hedral grid

15



2.3 AMEnte MElY HE

& ¢-19] CFD A9 A4 a3ty 93t Fig, 49
@ol JZEEZIAYATSHAA =3 Aatmda) T3
ol tiste] 3xtdo R mdle] Ax} YA, ALLS S8
ot Fig, 49 AH2HE F4H d7REE Fqgono &
T A% P2 ANGEYF SYF Al
By, 2 =AE] QR AR AsrdTet GAt
A HEET, REYE S| yREHRAE FYUT
Aol A N GROl etk A & 4 9lod, 23k
&= JEoME ST T 380 21“1 ‘E‘*ﬁbi o
& FUEOR Y 52 24 7ed Z2 7904
= A& ¢+ Yk

g =2

Velocity component in ¥ direction Vy (m/s)

0 80 100 150 200 250 300 350
Distance for flow mds direction (mm)

e Present Result
*

- b |
o — L
] ® W - 10 00 280 30

Distance for flow xis direction (mm)

Velocity component in Z direction Yz {m/s)

Fig. 4 Comparison of calculation resuits by CFD analysis

16

3. d¥ ¥ g

3.1 ©el E+39 REM AvDel I

A gz wde Aielr) Ao g F5A0) oishe
AVD?) f-5of M }\ﬂﬁﬂﬁ% 7T T AA) e ny

o ot #xsaS Sttt

Fie, 5% 0 B480] A A 288 Ag0l,
3m/s9f £ B FYEE FUB FHolA Wst= mEAE
AVDS] -5 W Vortex core regiond UehHl ago[c}

Fig. 5(a)& AVD7} #&5]7] ¢k {530, S, gy
a3 apgol A WSk HElA Fes FA § 4= o)
Fig. 5(b)x= AVD7} 284 5400, gHoir QA== 2
E)2of nl3f vl 2 HBofi] B HEX 0] Joo) Aok

5] ZAaEASS el ¢ Qlk, &3, Jeold e B
€ 9o Fig 5(a)°) B3} RO e WFY neA
FERE 7HA 3 ik,

(a) (b)
Fig. 5 Vortex core region of single intake sump
: (@) without AVD and () with AVD

Min = 96244 [Pa] Min= 97191 [Pa
(a) (b)

Fig. 6 Absolute pressure of single intake sump (z =90 mm)
: (a) without AVD and (b) with AVD

HMZAMG:-M123, M4s, 2009



g2 #

mjo
rr

A
T

o

o3

Fig. 62 &Y viHC22E 90 mmof YAk EYw
9 Dol Adf ohEE Yehla glom, o) gge A
o Zgst Adigtglolnt, AVDIF HEER] e o)
AdiFo s HEAvt WEh F4] G0l WA Yehge
o, Eg REX FH0R Ry wigwgos olEHs
AVDE HE8HA| 32 A7t Adidor 34 ey, o]
23 olf2 3 ReEro) digto] ¢S ksl gt

FUT Tl B REA PuE HEgyoz o}
7] 918t Fig, 73 80 obe ghe Ti= R Yehiqich E
T, 7 2o 25 Aol 7t dlojE ] H& YA E Ho)
Ut
Fig, 72 ST A S04 d7a7e Fgozo
T TE TR Fo 2] AR (fRY ZEF A
mE ot% ol z(100 mm, 80 mm, 60 mm)i= 4% ujct
O RRE 9] FolE YERHL Slch AVDZL HEHZA| oS A
P, 9= gro] fRwEF Faol e FA% g Wk u
Ehtom, 29| gro] Zagtel weh ehwo| gro] sl
olehs & AVDZ} AEH H9 HigolA MAEE HelA
o YA st AfjF oz obw o gho] A3t WslE Ro]
A gokom, 29] Wiste] W2 9w Zhw IA wskx] gl
zZ7} 60 mmQl 1 zolA ot o] Hujglo] dyow 4=
F7FE & 4 glon, ol23t Antz e FHo)A WAk
HE A0 w7t o oAl diyshe Ak st A
& 4 QU Fig. 82 FUT SAHANM B4 A2y &
dAo2 FFHF AYHELF Ao WE ow e
YERSL Qlth AVDE 43t B9, oA BAEL ow
2o Wst A dERd oy, AVDE F831A] oS Ao o
2o o gho] wishaz vehuR] okt E3,
FEHFO R 9 Zho] R ko] gkt WA U
BT ol SUT FlolA IS RElA 2 dujofi
AE HEA0 A7)7E AdiF o uhe A2 o 4= 9ok
ARz AVDZ}F A8 3549 o=gho] WA Yehytt

Fig. 73} Fig. 89| efzollA] otwol gty ke
Table 13} gro] Uehfgict F<7ge] upeh wozRE 100
mm ¢ SEe] Hrfgto] ThE ghuct 7 Lehton,
OIAE FTHe] Bl WAYSHE ohze] grolet, AliiHel
A3 3o HEF 9I5te] 27} 90 mmY 799 A, d+ o=
U= o] BB dlolE ) ASAE 95t Fw B
AN Loh= ot ghE AQlstd, AVDE HAF A9}t

F

¥

ki

r

o io

FRHIANE 12, HM45, 2009

-

IHIT X
=il

ofmo| 3t 2=} Ia)T AVDE AX gL A9 g
T FYFY A gol G2 gk A Uekgrt oles 2
= 5e GeolA] Belish o ARk AL ¢ 4 9
ok AVDY 5] mHE AAHA B3t S ghE AVDO] B]4
%) A oF 3u} 7 vhepge

3000
L & B J | —Without device
% 7]+ With device
25600 g e
j £
7 w0
)
=
£ 1500
=
=4
9 1000
500 41 < Cf
3
N N—

-1 -0.8 -08 -04 -0.2 4]
x/Di

Z=100 mm

0.2 0.4 0.6 0.8 1

200

Ew
B0 » ' ‘
fan} | e With device

—Without device

160

140

120

100 /
80

vortictiy (1/s)

60

20

/

40 I
/
J

" I R 1 S W
1 08 06 -04 02 ©0 02 04 06 08 1
x/Di
Z=80 mm
200
< ‘ & —Without device
180 N
Ko |- With device
160 i -
. 140
v
E 120
Z 10
2 - ;
£ w ]
g w N\
o VA W A
20 / - \ "/ ‘ \
N Vi
-1 -0.8 -06 -0.4 -0.2 o 0.2 G4 0.6 0.8 1
x/Di
Z=60 mm

Fig. 7 Vorticity of flow axis direction

17



18

vorticity {1/s)

vortictiy (1/s)
g

vorticity {1/s)

83

-1 -08 -06

04 -0.2 [} 02 04 06 08 1

y/Di

Z=100 mm
e A d . * ——Without device
e Q ;~~~-thdewce
160
140 )
120
100
80
60

04 -0.2 ] 0.2 04

-0.6 0.6 0.8 1
y/Di
Z=80 mm
A Al — without device
180 i H
----- With device
160
140
120
100
80
20 w ’ b : LN
° —-—7‘\ 4-:\/\
1 08 -06 04 -02 0 02 04 06 08 1
y/Di
Z=60 mm

Fig. 8 Vorticity of flow direction

- 0183

Table 1 Maximum & mean vorticity value of single-sump

(Unit : s
distance from bottom with ADV without ADV
wall in the sump
7.1
60 mm 332(169) 234
1207
foug 80 mm 279(6.3) 248)
SRl 1547
90 mm 279(6.2) 280)
100 2304.2{22.4) 2240.2{199.2)
om 1076) (1328)
60 mm 20.8(2.4) 12.8(47)
- 80 mm 12.8(1.6) 30.2(9.2)
FEYE
90 mm 196(1.9) 66.1(135)
100 mm 2416.9(95.8) 2683.4(102.7)

*( ): mean vorticity value, *+{ }:Second peak value
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Table 2 Approach mean velocity into intake pipe

(Unit : m/s)

dlvjat‘i‘l“fs i‘émsii;k Sumpl | Sump? | Sumpd | Sumpd
910 mm (A) 028 | 029 | 029 | 022
1100 mm (B) 0259 | 029 | 029 | 029
1300 mm (C) 0259 | 0259 | 029 | 0266
1500 mm (D) 0259 | 029 | 029 | 0262

7 = 500 (mm)
Fig. 11 Velocity profile & streamline of sump
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Table 3 Flow uniformity of x-z plane from back wall in the sump

(Unit : %)

dl;zﬁs tf;"emsut;i;k Sumpl | Sump? | Sump3 | Sumpd
400 mm 436 %7 | 1236 | 323
500 mm 474 74 | 154 | w8
600 mm 492 09 | 163 | 52
1100 m 71 771 154 | 629
1300 mm 518 23 1419 | 695
1500 mm 604 | 1033 | 1566 | 809
Ave. value 499 26 | 182 | 513
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Table 4 Maximum & mean vorticity value of multi-sump

(Unit : s™
distance from bottom
wall in the surp sumpl sump2 sump3 sump4
" 51.3 5.3 88 804
T a7 | 142 | @33 | (@392
omm | 52 659 1286 | 779
. 173 | 08 | @a | a2
Flow-axs &3 702 | 1261 | %86
direct . . . .
ecion | 0mm |0 | a0 | @3 | (29
WBILT | 25045 | 26269 | 21267
100mm | {985} | 27 | uz8) | 612
(1185 | (1140) | 191 | (1210
omm | %8 369 %7 147
@6 | 3n | a5y | @D
0mm | 769 4623 1239 114
@03 | a0 | @0 | ae
Flow 1082 | 572 | 183 | 461
directs . . , .
o Wmm | gy | 159 | 54 | (32
19764 | 15391 | 21080 | 1558
100mm | {1102} | 264} | (1381} | (174
(124 | 3 | 123 | ©.1

*(): mean vorticity value, **{ }:Second peak value
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