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Transient Characteristics Analysis of Free-surface and
Submerged Vortices in Pump Sump Based on LES
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Abstract; The hydraulic performance of water intake system is strongly influenced by the geometry of the
pump intake and the approaching flow conditions. Undesirable vortices and the suction of air will be
induced if a poor design of the system is made. An open pump intake was referred so that both the free-
surface and sub-surface vortices could be taken into account under the influence of the geometry and
neighboring flows. Large eddy simulation (LES) was employed to simulate the flow and the associated
vortices in the pump intake and the fluctuation of free surface was resolved by means of volume of fluid
model ( VOF). The verification and validation of the simulated results were systematically performed. On
the one hand, the mesh size near the wall was checked with ¥ and the LES index of quality (LES_IQ)
was calculated which demonstrated the percentage of directly resolved turbulent kinetic energy in LES by
using two sets of meshes with different grid quantities. On the other hand, the numerical results were
compared with the well-known published experiments with respect to the transient flow feature and time-
averaged vorticity profile, where the disparities were also analyzed. Compared with most Reynolds
averaged Navier — Stokes ( RANS) based simulations, LES showed a better prediction for all kinds of
vortices on location, shape, size of vortex core, velocity, as well as the turbulence kinetic energy inside
vortex core. Based on the numerical results, time-averaged behavior of three typical vortices showed
better similarities with reality that there was always a core region surrounding the axis where the azimuthal
velocity stopped increasing and decreased to zero as radius went to zero. Besides, iso-surface of A, was
adopted to visualize the vortices at different times, showing the main vortex and spirally rounding vortical
structures. Transient behaviors of free surface and submerged vortices were analyzed, and the effects of
advection and stretching/tilting termed on the vorticity variation were discussed via vorticity transport
equation.
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at 10 points in representative regions

BEES a/mm y/mm z/mm L/ % L./%
Pl 49.4 68.6 30.7 84.9 73.1
P2 164 101 33.4 84.1 71.7
P3 93 18.5 34 90.4 82.8
P4 140 -30.2 431 84.0 71.6
P5 145 64.8 306 89.6 81.5
P6 144 14.4 309 87.4 77.6
P7 204 - 142 429 93.5 88.5
P8 840 4.2 336 91.7 85.2
P9 862 -54.5 193 88.4 79.3
P10 822 149 196 87.7 78. 1




55 1

iR A BT LES A9 0 Bt 22 T 169 K 0T 108 I I 2 A 1 20 189

2 LIGXEEIGIE

KO T4 45 3 5 RAJENDRAN 25617 iy 52 56 %4
PEHEAT T b A FE B B R T SO T R AL P
ARFNGER B, 5200 KR AL 46 B S i B 15 B B
PE L AE 16 s NP1 32 i PIV ER 45 3, M HE &
HOBUE T B i ) 25 K R 0,002 s, J2 % HE 4T 52 56 %
W B i 5 BB o i T B H 3R T R0 R 5 X
PR A3 A5 26 S5 W, B AR IRt R R e rp —
MEIX . B 2(EYH 0, w0, o, KRR vy .2
J7 T 43 ) O S RE IS | A I BE S R 2 T R R

(a) JRBERSCHZ R

o dlU,
0.02 0.11 0.21 0.31 0.41

() ZefmEE RSB LR

AUk B B 200 B A X EG R LR B, A TR Y
BESWMA S LR T W& R A E LB
FE I 370 et BT AR R A I A S SR 0 — B,
Jei R TRy R 2 00 R 0 ) R L 2% TR S s a4 SR R AR T A
B3 AL, SR, FE T S B B b A B SR
WAEWAFAE A, T R AR 2 5, 925 R A (e
THERME DL AR 1 2% 4 5¢ 4 A [R] 0 02 #F E 3 3t
B TG4 — , 76 RAJENDRAN [ 5256 vt ] L % 30
MW EARFRE s ok, 16 s (N 1Y 32 i PIV K& R
REAS B AH XS 09 i 245 5L, 78 BUELTH53 rp ot ot
i) ) o B A 380 ) I 34 0 L AT R M . BAROR R,

oxt Up
-0.85 -041 0.03

(b) JEBERAE IS

o dIU
y P

(d) ZefUBERAS DI ZE 5

wd/U
1.41

(e) H &M

o d/l J,
1.41

0.80
0.20
-0.40

-1.01

o d/l /,
1.20

N e 17
i

RS 2GR

wd/U
1.20

0.68

()il7/

(f) B HRMIRIE LR
2 i ‘

Fig.2

Comparisons of LES and experiment results for three kinds of vortices
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